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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 1 of]APPLICATION NO. : 15/988463

DATED : October 23, 2018

INVENTOR(S) : Stuart Alexander Cook et al.

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

In the Claims

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

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

subject in”

Should be replaced with the text:

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

subject in--.

Signed and Sealed this

Fifth Day of February, 2019

Andrei Iancu

Director afthe United States Patent and Trademark Qfi’ice

Singapore Exhibit 2001

Lassen V. Singapore et a1.

PGR2019-00053
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Docket No.: M0546.70012USOl

(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: Stuart Alexander Cook

Application No.: 15/988,463
Confirmation No.2 7597

Filed: May 24, 2018

Patent No.: 10,106,603

Issued: October 23, 2018
For: TREATMENT OF FIB ROSIS

Examiner: P. M. Mertz

Art Unit: 1646

Certificate of Electronic Filing under 37 C.F.Ft. § 1.3
I hereby certitythat this paper (along with any paper reierred to as being attached or enclosed) is being transmitted via the Oifice's electronic filing
system in accordance with 37 C.F.R. § 1.6(a)( ).

Dated: January 10, 2019 Electronic Signature for Nanch. Arsenauit: /Nancy J. Arsenauit/ 
RES QUEST FOR CERTIFICATE OF CORRECTION PURSUANT TO 37 CFR 1.322

Attention: Certificate of Correction Branch

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Upon reviewing the above-identified patent, Patentee noted an error which should be

corrected.

In the Claims:

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

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

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

subject, the method comprising administering to the human subject i1 --.

67556761
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Patent No.: 10,106,603 2 Docket No.: M0546.70012USOl

This error was made by the USPTO as evidenced by the claims in the Preliminary

Amendment filed by Applicant on May 24, 2018 and the Examiner’s Amendment to the claims in

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

Preliminary Amendment and the Examiner’s Amendment to claim 1 on page 2 of the Notice of

Allowance. Accordingly, no fee is required.

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

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

Applicant believes no fee is due with this request. However, if a fee is due, please charge

Deposit Account No. 23/2825 under Docket No. M0546.70012U301 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, PC.
600 Atlantic Avenue

Boston, Massachusetts 02210-2206
617.646.8000

67556761
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PTO/SW44 (0907)
Approved for use through 01/31/2020. OMB 0651 -0033

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT NO. : 10,106,603

APPLICATION NO. : 15/988,463

ISSUE DATE : October 23, 2018

INVENTOR(S) : Stuart Alexander Cook et al.

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

In the Claims:

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

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

to a human subject in" should be replaced with the text ——A method of treating fibrosis in a human

subject, the method comprising administering to the human subject in--. 
MAILING ADDRESS OF SENDER (Please do not use Customer Number below):
Amy McMahon Krom, PhD
WOLF, GREENFIELD & SACKS, PC. 1
600 Atlantic Avenue

Boston, Massachusetts 02210—2206
67557661
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Electronic Acknowledgement Receipt

“—

——

Title of Invention: TREATMENT OF FIBROSIS

First Named Inventor/Applicant Name: Stuart AlexanderCook

Customer Number: 23628

Amy McMahon Krom/Nancy Arsenault

Filer Authorized By: Amy McMahon Krom

Attorney Docket Number: M0546.70012USOT

Receipt Date: 10—JAN—201 9

Filing Date: 24—MAY—2018

Time Stamp: 13:20:06

 
Application Type: Utility under 35 USC 111(a) 

Payment information:

Submitted with Payment

Document Document Descri tion File SizelBytes)I Multi Pages
Number p Message Digest Part I.zip (if appl.)

Miscellaneous Incoming Letter M054670012USOT—TRN—AM.pdf 3L1b489lb1delebb89d766db2732b5d7d
2739da 
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Information:

M054670012USOl—RFCOC—AM.

Request for Certificate of Correction pdf 175508ef030071/ffec83ef7b318c1b068/ 3 I

Warnings: 

Information: 

Request for Certificate of Correction M054670012USO1—COC—AM.pd IUSbZC |659| 28d7a495 | 95112301142983)
7:991  

Warnings:

Information:

Total Files 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

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

Acknowledgement Receipt will establish the filing date of the application.
National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DOIEOI903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
lfa new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/ROI105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

 
Ex. 2001 - PageG



Ex. 2001 - Page7

Doc Code: TRAN.LET

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

TRANSMITTAL

FORM

(to be used for all correspondence after initial filing)

—-

ENCLOSURES (Check all that apply)

'1 Fee Transmittal Form D Drawing(s) gfijerCAllowance communication

|:| Licensing-related Papers Appeal Communication to Boardof Appeals and Interferences

- - Appeal Communication to TC
i:i Petition (Appeal Notice, Brief, Reply Brief)

Petition to Convert t.° a Proprietary InformationProvrsronal Applicatlon

- - - Power of Attorney, Revocation
l1 AffldaVIts/declaratlon(s) Change of Correspondence Address Status Letter 

Extension of Time Request |:| Terminal Disclaimer X Other E"C|osure(5) (pleaseIdentity below):

Express Abandonment Request |:| Request for Refund Request for certificate 0fCorrection
Certificate of Correction

 

Information Disclosure Statement |:| CD, Number of 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.

Signature

-/Amy McMahon Krom/
Printed name Amy McMahon Krom. PhD 

Date January 10, 2019

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

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

 
67560961
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PTO/SB/47 (0309)
Approved for use through 07/31/2018. OMB 065170016

US. 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 in1ormation unless it displays a valid OMB control number.

“FEE ADDRESS” INDICATION FORM

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

INSTRUCTIONS: The issue fee must have been paid for application(s) listed on this form. In addition,
only an address represented by a Customer Number can be established as the fee address for maintenance
fee purposes (hereafter, fee address). A fee address should be established when correspondence related to
maintenance fees should be mailed to a different address than the correspondence address for the application.
When to check the first box below: If you have a Customer Number to represent the fee address. When
to check the second box below: If you have no Customer Number representing the desired fee address,
in which case a completed Request for Customer Number (PTO/SB/125) must be attached to this form. For
more information on Customer Numbers, see the Manual of Patent Examining Procedure (MPEP) §403.

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

Customer Number: 020016

OR

D The attached Request for Customer Number (PTO/SB/125) form.
PATENT NUMBER APPLICATION NUMBER

(it known)

10106603 -
Completed by((check one.

D Applicant/Inventor /Amy McMahon Krom/
Signature

Attorney or Agent of record 73,073 Amy McMahon Krom
(Reg. No.) Typed or printed name

Assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed. 61?-646-8000
(Form PTO/SB/QG) Requesters telephone number

 

Assignee recorded at Reel Frame December 14, 2018Date

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

|:| * Total of forms are submitted.

Certificate 01 Electronic Filing under 37 c.F.R. § 1.8
I hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office's electronic filing
system in accordance with 37 CFR. § 1.6(a)(4).

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

 
1 6837861 .1

Ex. 2001 - PageS



Ex. 2001 - Page9

Electronic Acknowledgement Receipt

“—

——

Title of Invention: TREATMENT OF FIBROSIS

First Named Inventor/Applicant Name: Stuart AlexanderCook

Customer Number: 23628

Amy McMahon Krom/Brenda White

Filer Authorized By: Amy McMahon Krom

Attorney Docket Number: M0546.70012USO1

Receipt Date: 14—DEC—201 8

Filing Date: 24—MAY—2018

Time Stamp: 12:54:01

 
Application Type: Utility under 35 USC 111(a) 

Payment information:

Submitted with Payment

Document Document Descri tion File SizelBytes)I Multi Pages
Number p Message Digest Part I.zip (if appl.)

Transmittal Letter M054670012USOT—TRN—AM.pdf 504db60c17c101614978L13 H6957dd2053
defl 
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Information:

Maintenance Fee Address Change M054670012USO1—CHA—AM.pd' 368d73dc65865084d2cf100/ea45db89281
DecOe

Warnings: 

Information: 

Total Files 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

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

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DOIEOI903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
lfa new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/ROI105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc Code: TRAN. LET

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

TRANSM ITTAL

FORM

{to be used for all correspondence after initial filing)

ENCLOSURES (Check all that apply)

D Fee Transmittal Form Drawing(s) I: gttlerCAllowance communication

'1 Fee Attached Licensing-related Papers I: Appeal communication to Boardof Appeals and Interferences

- - Appeal Communication to TC
i1 Amendment/Reply Petltlon i: (Appeal Notice, Briet, Reply Brief)

'1 After Final Petition to com?“ t9 a I: Proprietary Information_ Prowslonal Application

- - - — Power of Attorney, Revocation
l1 AffidaVIts/declaratlon(s) _ Change of Correspondence Address Status Letter 

I: Extension of Time Request Terminal Disclaimer '2 Other Enclosure(s) (pleaseIdentify below):

I: Express Abandonment Request Request for Refund Fee Address Indication Form 

  
I: Information Disclosure Statement CD, Number of CD(s)

I: Certified Copy Of Priority I: Landscape Table Ol'i 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.

Signature

-/Amy McMahon Krom/
P.

”med name Amy McMahon Krom 

Date December 14, 2018

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

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

 
6837857.1
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To: Patents_eOfficeAction@WolfGreenfield.com,WGS_eOfficeActio n@WolfGreenfield.com,
From: PAIRieOfficeAction@uspto.gov
Cc: PAlR_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, PC.
600 ATLANTIC AVENUE

BOSTON, MA 02210-2206
UNITED STATES

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

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

Disclaimer:

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

Application Document Mailroom Date Attorney Docket No.
15988463 ISSUE.NTF 10/03/2018 M0546.70012USO1

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

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

Monday - Friday 6:00 am. to 12:00 am.

Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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UNITED STATES PATENT AND TRADEMARK OEEICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMIVIISS IONER FOR PATENTS

PO Box 1450
Alexandria Virginia 22313-1450
www.uspt0 gov

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

15/988.463 10/23/2018 10106603 M0546.70012U801 7597

 

23628 7590 10/03/2018

W()le GREENFIELD & SACKS, l’.C.
600 ATLANTIC AVENUE

BOSTON. MA 02210—2206
UNITED STATES OF AMERICA

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include

an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information

Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the

Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee

payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management

(ODM) at (571)-272-4200.

APPLICANT(S) (Please see PAIR WEB site http://pairllsptogov for additional applicants):

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

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location

for business investment, innovation, and commercialization of new technologies. The USA offers tremendous

resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage and facilitate business investment. To learn more about why the USA is the best country in

the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (ReV. 10/09)
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

I’D. Box I450
Alexandria, Virginia 223I3-1450www.mptclgov

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

15/988,463 05/24/2018 Stuart Alexander Cook M0546.700]2USOI 7597

”6" ”9° °9’”’2°'8 —WOLF GREENFIELD & SACKS, no. u
600 ATLANTIC AVENUE MERTZ' PREMA MARIA
BOSTON, MA 02210-2206
UNITED STATES OF AMERICA ART UNIT PAPER NUMBER

l646

NOTIFICATION DATE DELIVERY MODE

09/25/20] 8 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@WolfGreenfie1d.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

   

 
 
  

 
 
 

 
 

15/988,463  
Response to Rule 312 Communication

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address —

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

a) E entered.

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

c) [:I disapproved because the amendment was filed after the payment of the issue fee.

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

the required fee to withdraw the application from issue.

d) E] disapproved. See explanation below.

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

CHiIIiard

U.S. Palent and Trademark Office

PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No.
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To: Patents_eOfficeAction@WolfGreenfield.com,WGS_eOfficeActio n@WolfGreenfield.com,
From: PAIRieOfficeAction@uspto.gov
Cc: PAlR_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, PC.
600 ATLANTIC AVENUE

BOSTON, MA 02210-2206
UNITED STATES

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

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

Disclaimer:

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

Application Document Mailroom Date Attorney Docket No.
15988463 N271 09/25/2018 M0546.70012U801

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

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

Monday - Friday 6:00 am. to 12:00 am.

Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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To: Patents_eOfficeAction@WolfGreenfield.com,WGS_eOfficeActio n@WolfGreenfield.com,
From: PAIRieOfficeAction@uspto.gov
Cc: PAlR_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, PC.
600 ATLANTIC AVENUE

BOSTON, MA 02210-2206
UNITED STATES

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

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

Disclaimer:

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

Application Document Mailroom Date Attorney Docket No.
15988463 NTC. PUB 09/20/2018 M0546.70012USO1

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

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

Monday - Friday 6:00 am. to 12:00 am.

Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM

Ex. 2001 - Page17
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UNITED STATES PATENT AND TRADEMARK OFFICE UVTTET‘I STATES DEPARTWF‘NT 0F COM'MFIRCFI
United States Patent and Trademark Office
Addtess. COMB/TTSSTOVFR FOR PATENTSPO BOX 1450

Alexandria,‘.’ngnia 22313-1450www.uspto.gov
 

  APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAVED APPLICANT ATTY. DOCKET NOJTITLE

15/988,463 05/24/2018 Stuart Alexander Cook MOS46.70012USOI
CONFIRMATION NO. 7597

23628 PUBLICATION NOTICE

WOLF GREENFIELD & SACKS, P.C.

600 ATLANTIC AVENUE l|||l|||||||||||||||||Illllllllllllllllllllllllllfllll||||||||I||||l|||l|||||||||||l|||000000 02 65979
BOSTON, MA 02210-2206

Title:TREATMENT OF FIBROSIS

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

NOTICE OF PUBLICATION OF APPLICATION

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

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

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set

forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

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

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently

https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

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

 

Office of Data Managmcnt, 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.: M0546.70012USOl

(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: Stuart Alexander Cook

Application No.: 15/988,463
Confirmation No.2 7597

Filed: May 24, 2018
For: TREATMENT OF FIB ROSIS

Examiner: P. M. Mertz

Art Unit: 1646

Certificate of Electronic Filing under 37 C.F.Ft. § 1.3
I hereby certitythat this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office's electronic filing
system in accordance with 37 C.F.R. § 1.6( )(4).

Dated: September 20, 2018 Electronic Signature for Nancy J. Arsenauit: /Nancy .J. Arsenauit/ 
AMENDMENT AFTER ALLOWANCE UNDER 37 C.F.R. 1.312 

Mail Stop Issue Fee
Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

INTRODUCTORY COMMENTS

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

please amend the above-identified US. 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.: M0546.70012U801
Amendment dated September 20, 2018
After Allowance Under 37 C.F.R. § 1.312

ANIENDMENTS TO THE SPECIFICATION

Please amend the Specification as follows:

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

paragraph:

We first generated RNA- seq data (Figure 16EPF914—Refierenee—seu-Pee—net—fermd7) and determined

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

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

66274281
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Application No.: 15/988,463 3 Docket No.: M054670012U801
Amendment dated September 20, 2018
After Allowance Under 37 C.F.R. § 1.312

RENIARKS

This paper is responsive to the Notice to File Corrected Application Papers dated

September 19, 2017 (“Notice”). In the Notice, the Office indicated that page 92, line 6 of the

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

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

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

Applicant believes no fee is due with this response. However, if a fee is due, please charge

Deposit Account No. 23/2825 under Docket No. M0546.70012USO1 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, RC.
600 Atlantic Avenue

Boston, Massachusetts 02210—2206
617.646.8000

66274281
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Commissioner for Patents

United States Patent and Trademark Office
PO. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Application No. : 15988463

Applicant : Cook

Filing Date I 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). If the informality pertains to the

abstract, specification (including claims) or drawings, the informality must be corrected with an

amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR

1173). Such an amendment may be filed after payment of the issue fee if limited to correction of

informalities noted herein. See Waiver of 37 CFR 1.312 for Documents Required by the Office of Patent

Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not

corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(l)(iv), “all outstanding

requirements” will be considered to have been satisfied when the informality has been corrected. A

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

See attachment(s).

A copy ofthis notice MUST be returned with the reply. Please address response to

“Mail Stop Issue Fee, Commissionerfor Patents,
P. 0. Box 1450, Alexandria, VA 22313-1450”.

 

/Quang Nguyen/
Publication Branch

Office of Data Management

(571) 272-4200
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Application No. 15988463

IDENTIFICATION OF APPLICATION DEFICIENCIES

IN APPLICATION FILED ON OR AFTER SEPTEMBER 16, 2012

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

X Specification filed 12/16/2016. page(s) 922 line 6 1"E1rorl Reference source not found".
 

Claims filed , 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 may be added.

Page/line 110(5).

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

Page/line 110(s).

Applicant must provide an Abstract of the Disclosure.

DE The Application Data Sheet (ADS dated) does not supply the inventor’s city and/or does not supply the

inventor’s US. state and/or does not supply the inventor's country. Applicant must submit a signed, in
accordance with 37 CFR l.76(e) and l.33(b). application data sheet that corrects this deficiency. To be in

compliance with 37 CFR 1.76, the corrected application data sheet must identify the information being

changed by using underlining for additions and strikethroughs or brackets for deletions. 

Other:  
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Docket No.: M0546.70012USOl

(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: Stuart Alexander Cook

Application No.: 15/988,463
Confirmation No.2 7597

Filed: May 24, 2018
For: TREATMENT OF FlBROSlS

Examiner: P. M. Mertz

Art Unit: 1646

Certificate of Electronic Filing under 37 C.F.R. § 1.3
I hereby certitythat this paper (along with any paper reierred to as being attached or enclosed) is being transmitted via the Oifice's electronic filing
system in accordance with 37 C.F.R. § 1.6(a)( ).

Dated: September 20, 2018 Electronic Signature for Nancy J. Arsenault: /Nancy .J. Arsenault/ 
RESPONSE TO NOTICE TO CORRECTED APPLICATION PAPERS

Mail Stop Issue Fee
Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In response to the Notice to File Corrected Application Papers mailed September 19, 2018,

Applicant respectfully submits an Amendment After Allowance Under 37 C.F.R. §1.3 12 and a

Copy of the Notice.

Applicant believes no fee is due with this response. However, if a fee is due, please charge

Deposit Account No. 23/2825 under Docket No. M0546.70012U301 from which the undersigned is

authorized to draw.

Dated: September 20, 2018 Respectfully submitted,

By /Amy McMahon Krom/

Amy McMahon Krom

Registration No.: 73,073
WOLF, GREENFIELD & SACKS. P.C.
600 Atlantic Avenue

Boston, Massachusetts 02210—2206
617.646.8000

6627489 .1
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Electronic Acknowledgement Receipt

“—

——

Title of Invention: TREATMENT OF FIBROSIS

First Named Inventor/Applicant Name: Stuart AlexanderCook

Customer Number: 23628

Amy Jeanette McMahon/Nancy Arsenault

Filer Authorized By: Amy Jeanette McMahon

Attorney Docket Number: M0546.70012USO1

Receipt Date: 20—SEP—201 8

Filing Date: 24—MAY—2018

Time Stamp: 11:55:21

 
Application Type: Utility under 35 USC 111(a) 

Payment information:

Submitted with Payment

Document Document Descri tion File SizelBytes)I Multi Pages
Number p Message Digest Part I.zip (if appl.)

Miscellaneous Incoming Letter M054670012USOT—TRN—AM.pdf b37cdl7b35l1l3l16l3794c98b50d1013560d
dSS 

Ex. 2001 - PageZS



Ex. 2001 - Page26

Information:

M054670012USO1—312AMN—

AMpdf 951 1e390b0(37038e:c9/lI6e8d330daéc1a
3561

Multipart Description/PDF files in .zip description 

Document Description

Amendment after Notice of Allowance (Rule 312)

Specification

Applicant Arguments/Remarks Made in an Amendment

 
Warnings: 

Information:

M05467001 2USO 1 —NTCAP—AM.
Miscellaneouslncomin Letter

9 pdf 7ffiZ4§Perf75i5Hf53 hPhifirl d'midd 1 Ear?
Bab

 

Warnings:

Information:

M054670012USOl—RNTCAP—

Miscellaneous Incoming Letter AMpdf 5555bd5c2f73d21ed56b594d292e2843cfi0
73nfi

Information:

 
Total Files Size (in bytes) 159526 

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

New Applications Under 35 U.S.C. 111

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

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DOIEOI903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and of the International Filing Date (Form PCT/ROI105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc Code: TRAN.LET

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

TRANSMITTAL

FORM

(to be used for all correspondence after initial filing)

—-

ENCLOSURES (Check all that apply)

'1 Fee Transmittal Form D Drawing(s) gfijerCAllowance communication

|:| Licensing-related Papers Appeal Communication to Boardof Appeals and Interferences

- - Appeal Communication to TC
i:i Petition (Appeal Notice, Brief, Reply Brief)

Petition to Convert t.° a Proprietary InformationProvrsronal Applicatlon

- - - Power of Attorney, Revocation
l1 AffldaVIts/declaratlon(s) Change of Correspondence Address Status Letter 

Extension of Time Request |:| Terminal Disclaimer X Othei E"C|osure(5) (pleaseIdentity below):

Express Abandonment Request |:| Request for Refund CODY 0f Notice to File CorrectedApplication Papers
Response to Notice to File
Corrected Application Papers

 

Information Disclosure Statement |:| CD, Number of 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.

Signature

-/Amy McMahon Krom/
P .

”nted name Amy McMahon Krom 

Date September 20, 2018

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

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

 
6627427.1
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x ”‘2' UNITED STATES PATENT AND TRADEMARK OFFICE
5 L'INI'I'ED 5'1 A'l Eb DLI'AR'I‘I‘ILN'I OI‘ C(LMMILRCEUnited States Patent and 'l rademark ()tticeAddress COMMISSIONER FOR PATENTS

P 0‘ Box 1450
Alcmmiu, szgmin 113134 150MW“ nghl g0\

 

 
 

 

 

 
AI’I’IJCAI ION W0, FILING DATF FIRf'IT \IAMED IVVFNTOR ATTORNEY DOCKET NO. COVHRMATION NO

6,088,403 05/24’20l8 Stuart Alexander Cook M()546.70012US01 7397

“"3“ 7”" W “”0”

WOLF GREENFIELD & SACKS, P.C.
600 ATLANTIC AVENUE MER’I‘Z. I’RWA MARIA
BOSTON“ MA 022l()«2206

  

HMO

(IQ/l 9/2018 ELECT RON [C

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 COl‘nI‘Tlunlcatlon was sent electronically on above~ihdicated ”Notification Date“ to the
following c-mail address(cs):

Patentspcf) Fl‘iceAclioxIQiQVVoll‘GI‘cenl‘Ie-ld.com
WGSficOt‘fiecActlon@WolfGreenfield.com

 
P’l OLMOA (Rex: 04/07]
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Commissioner for Patents

United States Patent and Trademark Office
PO. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Application No. : 15988463

Applicant : Cook

Filing Date I 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). If the informality pertains to the

abstract, specification (including claims) or drawings, the informality must be corrected with an

amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR

1173). Such an amendment may be filed after payment of the issue fee if limited to correction of

informalities noted herein. See Waiver of 37 CFR 1.312 for Documents Required by the Office of Patent

Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not

corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(l)(iv), “all outstanding

requirements” will be considered to have been satisfied when the informality has been corrected. A

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

See attachment(s).

A copy ofthis notice MUST be returned with the reply. Please address response to

“Mail Stop Issue Fee, Commissionerfor Patents,
P. 0. Box 1450, Alexandria, VA 22313-1450”.

 

/Quang Nguyen/
Publication Branch

Office of Data Management

(571) 272-4200
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Application No. 15988463

IDENTIFICATION OF APPLICATION DEFICIENCIES

IN APPLICATION FILED ON OR AFTER SEPTEMBER 16, 2012

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

X Specification filed 12/16/2016. page(s) 922 line 6 1"E1rorl Reference source not found".
 

Claims filed , 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 may be added.

Page/line 110(5).

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

Page/line 110(s).

Applicant must provide an Abstract of the Disclosure.

DE The Application Data Sheet (ADS dated) does not supply the inventor’s city and/or does not supply the

inventor’s US. state and/or does not supply the inventor's country. Applicant must submit a signed, in
accordance with 37 CFR l.76(e) and l.33(b). application data sheet that corrects this deficiency. To be in

compliance with 37 CFR 1.76, the corrected application data sheet must identify the information being

changed by using underlining for additions and strikethroughs or brackets for deletions. 

Other:  
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To: Patents_eOfficeAction@WolfGreenfield.com,WGS_eOfficeActio n@WolfGreenfield.com,
From: PAIRieOfficeAction@uspto.gov
Cc: PAlR_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, PC.
600 ATLANTIC AVENUE

BOSTON, MA 02210-2206
UNITED STATES

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

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

Disclaimer:

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

Application Document Mailroom Date Attorney Docket No.
15988463 M327 09/19/2018 M0546.70012USO1

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

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

Monday - Friday 6:00 am. to 12:00 am.

Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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PART B — FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: M_ail Mail Stop ISSUE FEE
Commissioner for Patents
PO. Box 1450

Alexandria, Virginia 22313-1450
or E (571)-273-2885

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

Note: A certificate of mailing can only be used for domestic mailings of the
CURRENT CORRESPONDENCE ADDREss (Note: Use Block 1 for any change of address) FEE(S) Transmittal. Th1? certificate cannot be “53d for any 0th” accompanying

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

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273—2885, on the date indicated below.

WOLF, GREENFIELD & SACKS, P.C.
600 Atlantic Avenue
Boston, Massachusetts 02210—2206

Nancy J. Arscnault (Depositor‘s name)
/Nancy J. Arsenault/ (Signature)
FILED VIA EFS WEB on August 9, 2018 (Date)

APPLICATION NO. FILING DATE FIRST NAMED INVEVTOR 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 TITYSTATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1,00000 $1,00000 11/03/7018
EXAMINER ART UNIT CLASS-SUBCLASS

Prema Maria Mertz I 646 424-145 1 ()0

1. Change of correspondence address or indication of "Fee
Address" (37 CFR 1.363).

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

I: "Fee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03—02 or more recent) attached. Use of a 2 registered patent attorneys or agents. If no name is 3
Customer Number is required. listed, no name will be printed.

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Ifan 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 patent front page. list
(1) The names of up to 3 registered patent attorneys 1 WOIf, Gffienfield & SaCkS, PC-
or agents OR. alternatively,
(2) The name of a single firm (having as a member a 2
registered attorney or agent) and the names of up to 

(A) NAVIE OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Singapore Health Services PTE LTD Singapore. Republic of Singapore
National University of Singapore Singapore, Republic of Singapore

Please check the appropriate assignee category or categories (will not be printed on the patent) : D 1ndividual Corporation or other private group entity D Government

 

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

Issue Fee '1 A check is enclosed.

|:| Publication Fee (No small entity discount permitted) Payment by credit card. ‘ - ' ‘

|:| Advance Order — # of Copies The Director is hereby authorized to charge the-reqarred—feee) any deficiency, or credit any
overpayment, to Deposit Account Number 23/2825 (enclose an extra copy of this form).

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

D Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see foIIns PTO/SB/lSA and 1513), issue feepayment in the micro entity amount will not be accepted at the risk of application abandonment.

|:| Applicant asserting small and“, status. See 37 CFR 127 NOTE: If the application was previously under micro entity status. checking this box will be taken to' be a notification of loss of entitlement to micro entity status.

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

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 14 for signature requirements and certifications.

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

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

6523649.1
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Electronic Patent Application Fee Transmittal

Title of Invention: TREATMENT OF FIBROSIS

First Named Inventor/Applicant Name: Stuart Alexander Cook

Attorney Docket Number: M0546.70012USO1

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Sub-Total in

Description Quantity USD($) 

Basic Filing:

Miscellaneous-Filing: 

Petition:

Patent-Appeals-and-lnterference:

Post-Allowance-and-Post-lssuance:
 

UTILITY APPL ISSUE FEE
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Extension-of—Time:

Miscellaneous:

Total in USD ($) 
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Electronic Acknowledgement Receipt

“—

——

Title of Invention: TREATMENT OF FIBROSIS

“—

Application Type: Utility under 35 USC 111(a)

 
 

Payment information:

Deposit Account 232825

Authorized User WolfGreenfield

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

37 CFR 1.21 (Miscellaneous fees and charges)
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Document Document Descri tion File Size(Bytes)I Multi Pages
Number p Message Digest Part I.zip (if appl )

Miscellaneous Incoming Letter M05467OOI2USOI—TRN—AM.pdf I£25441MbZSOaOOchfiS’cI1ec936f4799676
Saf2

Information:

Fee Worksheet ($806) M054670012USOIFFEEFAM.pdf I116n3cf412d6147075628c3Ib7dl43dc889
5131 62

Information: 

M054670012USOI—ISSFEE—AM.

Issue Fee Payment (PTO—85 B) pdf edSCIceS69578951bd7d31164d68396193
deIf

Fee Worksheet ($306) fee—info.pdf 2ZCCfdéSSécbdeQI 7ecef09eal 6131bb605 I

Information:

 

Warnings: 

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

New Applications Under 35 U.S.C. 111

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

Acknowledgement Receipt will establish the filing date ofthe 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/DOIEOI903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/ROI105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc Code: TRAN.LET

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

TRANSMITTAL

FORM

(to be used for all correspondence after initial filing)

15/988,463-Conf. #7597

WM 2018

Stuart Alexander Cook

1646

ENCLOSURES (Check all that apply)

Fee Transmittal Form

D Affidavits/declaration (s)

:l Extension of Time Request

:| Express Abandonment Request
Information Disclosure Statement

|:| Drawing(s)

|:| Licensing-related Papers

|:| Petition
Petition to Convert to a
Provisional Application

Power of Attorney, Revocation
Change of Correspondence Address

|:| Terminal Disclaimer

|:| Request for Refund

|:| CD, Number of CD(s) 

 
Alter 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
Identity below):

Part B — Fee(s) Transmittal

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

Reply to Missing Parts/
Incomplete Application

 
Reply to Missing Parts
under 37 CFR 1.52 or 1.53

WOLF, GREENFIELD & SACKS, P.C.

Signature

-/Amy J. McMahon/
Printed name Amy J_ McMahon. PhD 

Date August 9, 2018

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

Dated: August 9, 2018 Electronic Signature for Nancy J. Arsenault: (Nancy J. Arsenault/
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Com - lete if known

F E E T RANS M ITTAL Application Number 15/988,463-Conf. #7597
Filing Date May 24, 2018

DApplicant asserts small entity status. See 37 CFR 1.27. First Named Inventor Stuart Alexander Cook

DApplicant certifies micro entity status. See 37 CFR 1.29. —P.M. MertzForm PTO/SB/15A or B or equivalent must either be enclosed or .
have been submitted previously. _1646

OTA- AMOUNT OF PAYMENT ($t1,000.00 Practitioner Docket No. M0546.70012USO1

METHOD OF PAYMENT (check all that apply)

Check X lCredit Card Money Order None Other (please identify):
Deposit Account Deposit Account Number: 23/2825 Deposit Account Name: Wolf Greenfield & Sacks. P.C.

  

    
   

For the above-identified deposit account, the Director is hereby authorized to (check all that apply):

|:|Charge fee(s) indicated below Charge fee(s) indicated below, except for the filing fee 
.Charge any additional fee(s) or underpayment ot fee(s) under Charge any additional fee(s) or underpayment of tee(s) under 3737 CFR1.16 and 117, except for any excess claims fees or CFR 1.16 and 1.17

multiple dependent claim fee

.Credit any overpayment of fee(s)
WARNING: Information on this form may become public. Credit card information should not be included on this form. PrOVide credit card
information and authorization on PTO-2038.
FEE CALCULATION

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

Application Type U_(§t S_(§t M_(§t U_(§t S_(§t M_(§t U_(§t S_(§t M_(§t Fees Paid (fit

Utility 300 150* 75 660 330 165 760 380 190
Design 200 100 50 160 80 40 600 300 150
Plant 200 100 50 420 210 105 620 310 155

Reissue 300 150 75 660 330 165 2,200 1,100 550
Provisional 280 140 70 0 0 0 O 0 0

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

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

Total Claims Extra Claims Fee (fit Fee Paid (§t Multiple Dependent Claims

. 20 or HP : x Fee (it Fee Paid (fit
HP = highest number 01 total claims paid for, if greater than 20.
lndep. Claims Extra Claims Fee ($1 Fee Paid (fit

- 3 or HP = X =
HP = highest number of independent claims paid for, If greater than 3.

3. APPLICATION SIZE FEE
lf the specification and drawings exceed 100 sheets of paper (excluding electronically tiled sequence or computer listings under 37 CFFI 1.52(e)), the application size
tee due is $400 ($200 for small entity) ($100 tor micro entity) tor each additional 50 sheets or traction thereot. See 35 U.S.C. 41 (a)(1t(G) and 37 CFR 1.16(st.
M Extra §h§§t§ Npmper 9f gagh aggitignal §§t gr fragtign theregf Fee (it Fee Paig (fit

- 100 = /'50 = (round up to a whole number) x
4. OTHER FEE(S) Fees Paid (§t
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 (9.9., late filing surcharge): 1501 Utility issue fee 1,000.00
SUBMITTED BY

/Amy J. McMahon/ gigiflgittfggfig- 73073 telephone 617.646.8000
Amy J. McMahon, PhD Date August 9, 2018

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

  

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 2231371450
wwwusptogov 

NOTICE OF ALLOWANCE AND FEE(S) DUE

230225 7590 03/03/2013

WOLF GREENFIELD & SACKS, P.C. MER'IZ,PREMA MAKLA
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. CONFIRMATION NO.

15/9 88.463 05/24/2018 Stuart Alexander Cook M0546.70012USOI 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

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.

THIS APPLICATION IS SUBJECT TO VVITHDRAVVAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY TIIE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

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

THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

 

 

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify Whether entitlement to that
entity status still applies.

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

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

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

11. PART B — FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"

of Part B — Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing

the paper as an equivalent of Part B.

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

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

Page 1 of 3

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

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450

Alexandria, ’irginia 22313-1450
or Fax (571)-273-2885

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

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper. such as an assignment or formal drawing. must
have its own certificate of mailing or transmission.

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

23628 7590 08/03/2013 Certificate of Mailing or Transmission
WOLF GREENFIELD & SACKS: P-C- I hereby certify that this Fee(s) Transmittal is being deposited with the United
600 ATLANTIC AVENUE States Postal Service with sufficient postage for first class mail in an envelope

addressed to the Nlail Stop ISSUE FEE address above, or being facsimile
BOSTON, MASSACHUSETTS 02210-2206 transmitted to the USPTO (571) 273-2885, on the date indicated below.
UNITED STATES OF AMERICA

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

15/9 88.463 05/24/2018 Stuart Alexander Cook M0546.70012US01 7597
 

TITLE OF INVENTION: TREATMENT OF TIBROSIS

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

 
EXAlVlLNER ART UNIT CLASSeSUBCLASS

NIERTZ. l’REMA MARIA 1646 424-145100

1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page. list 1
CFR 1-363)- (1) The names of up to 3 registered patent attorneys

or agents OR. alternatively. 2
3 Change of correspondence address (or Change of Correspondence
Address form PTO/SB/l72) attached (2) The name of a single firm (having as a member aregistered attorney or agent) and the names of up to

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

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

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

 
PLEASENOTE: Unless an assignee is identified below. no assignee data will appear on the patent. Ifan assignee is identified below. the document has been filed for recordation
as set forlh in 37 CFR 311. Completion of this form is NOT a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

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

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

3 Issue Fee 3 A check is enclosed.

3 Publication Fee (N 0 small entity discount permitted) 3 Payment by credit card. Form PTO-2038 is attached.

3 Advance Order - # of Copies :IThe director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

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

3 Applicant certifying micro entity status. See 37 CFR 1.29

3 Applicant asserting small entity status. See 37 CFR 1.27
 
3 Applicant changing to regular undiscounted fee status.

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

  
Authorized Signature Date

Typed or printed name Registration No.

Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 US. Patent and Trademark Office; US. DEPARTIVIENT OF CONIMERCE
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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

I’ O. Box 1450
Alexandria, Virginia 2231371450
www.uspto.gov 
 

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

230225 7590 03/03/2013

WOLF GREENFIELD & SACKS, P.C. MER'lZ, PREMA MAKLA
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)(i) to eliminate the requirement

that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent

Term Adjustment, 78 Fed. Reg. 19416. 19417 (Apr. 1, 2013). Therefore. the Office is no longer providing an initial

patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term

adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior

to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration

of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of

Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be

directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3

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

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the

agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control N umber’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL—85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including

gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions

for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313—1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,

Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (PL. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements

of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent

application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

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

settlement negotiations.
3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting

a request involving an individual, to whom the record pertains, when the individual has requested assistance

from the Member with respect to the subject matter of the record.
4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having

need for the information in order to perform a contract. Recipients of information shall be required to comply

with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
5. A record related to an international Application filed under the Patent Cooperation Treaty in this system of

records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for pulposes of

National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.218(c)).

[‘0

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility

to recommend improvements in records management practices and programs, under authority of 44 USC.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. A record from this system of records may be disclosed. as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record

may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application

is referenced by either a published application, an application open to public inspection or an issued patent.
9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law

enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Ex. 2001 - Page44

, . . 15/988,463 Cook et al.

PREMA M MERTZ 1646 Yes

- The MAILING DA TEofthis communication appears on the cover sheet wit/7 the correspondence address-
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL—85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.2} This communication is responsive to the request submitted on 7/26/18.

[:I A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

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

.2} The allowed claim(s) is/are 1 and 21—29 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPeredback@uspto.gov. 

.2! Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119( )-(d) or (f).

Certified copies:

a) IAII b) D Some *c) D None of the:

1. I] 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. C] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2( )).

* Certified copies not received:

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

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

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

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

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

Attachment(s)
1C] Notice of References Cited (PTO-892) 5. Examiner's Amendment/Comment

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

3.1:] Examiner‘s Comment Regarding Requirement for Deposit 7. [:1 Other .
of Biological Material .

4.. Interview Summary (PTO—413)
Paper No./Mai| 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./Mal| Date 20180726
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Application/Control Number: 15/988,463 Page 2
Art Unit: 1646

Notice ofPre-AIA 0r AIA Status

1. The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AIA.

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

consideration by the Examiner.

Claims 2-20 have been canceled.

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

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

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

payment of the Issue Fee.

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

Amy McMahon on 7/26/2018.

4. The application has been amended as follows:

IN THE CLAIMS:

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

In claim 1, line 5, delete "signalling”, substitute therefor --signaling--.

Ex. 2001 - Page45
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Application/Control Number: 15/988,463 Page 3
Art Unit: 1646

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

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

None of the prior art of record describe or suggest a method of treating fibrosis in a

human subject, the method comprising administering te the human subject in need of treatment a

therapeutically effective amount of an lnterietikin ii receptor (1 {IL—1 iRa)~:;tntihotiy which is

capable of inhibiting interleukin l {EL—i l} mediated signaiiiiig, wherein the fibrosis is fibrosis

of the heart, liver, kidney or eye. The method as recited in the claims is free of the prior art by

virtue of the treatment steps and the antibody being administered. Furthermore, the claimed

invention meets the requirements of 35 USC § 101 and 35 USC § 112 in that the method

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

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

payment of the Issue Fee and, to avoid processing delays, should preferably accompany the

Issue Fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for

Allowance. "

Advisory Information

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Prema Mertz whose telephone number is (571) 272—0876. The

examiner can normally be reached on Monday-Friday from 7:00AM to 3:30PM (Eastern time).

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

supervisor, Vanessa Ford, can be reached on (571) 272—0857.

Official papers filed by fax should be directed to (571) 273-8300. Faxed draft or

informal communications with the examiner should be directed to (571) 273-0876.

Information regarding the status of an application may be obtained from the Patent

application Information Retrieval (PAIR) system. Status information for published applications

Ex. 2001 - Page46
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Application/Control Number: 15/988,463 Page 4
Art Unit: 1646

may be obtained from either Private PAIR or Public PAIR. Status information [or unpublished

applications is available through Private PAIR only. For more information about the PAIR

system, see ht: “iii/Bair-{lireetusnto.Eov. Should you have questions on access to the Private

PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you

would like assistance from a USPTO Customer Service Representative or access to the

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

 

/PREMA M MERTZ/

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

15/988,463 Cook et al.

Examiner 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: V Telephonic 13 Video Conference
3 Personal [copy given to: Cl applicant Cl applicant's representative]

 
 

 
Exhibit shown or demonstration conducted: Cl Yes No.

If Yes, brief description:

Issues Discussed D 101 112 :l 102 D 103 CI Others
(For each of the checked box(es) above. please describe below tie issue and detailed description of the discussion) 

Claim(s) discussed: 1 and 21-29.

Identification of prior art discussed: none.

Substance of Interview

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

Authorization was obtained to amend claim 1, line 2, to recite "the human sub'ect" to obviate a 35 USC 112 b re'ection.

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

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

Cl Attachment

/PREMA M MERTZ/

Primary Examiner, Art Unit 1646

 
U.S. Patent and Trademark Office

PTOL7413B (Rev. 8/11/2010) Interview Summary Paper NO- 20130725
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Application/Control No. Applicant(s)/Patent Under Reexamination

Search Notes 15,9881463 Cook et al.

H mm“ Examiner Art UnitPREMA M M ERTZ

CPC - Searched*

A61 K 2039/505 07/26/2018

CPC Combination Sets - Searched*

US Classification - Searched*

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

Search Notes

Search Notes

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

reviewed parent case 15/381622 07/26/2018

stn/cas search via medline, CAPLUS, USPATFU LL 07/26/2018

Interference Search

US Class/CPC US subclass/CFC Group
Symbol

A61 K 2039/505 07/26/2018

 

US. Patent and Trademark Office Part of Paper No; 20180726
Page 1 of 1
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue C/aSSIflcal/on 15,988,463 Cook et al.

H II M" Examiner Art UnitPREMA M MERTZ 1645

GPO Combination Sets

 

 
NONE

Total Claims Allowed:

(Assistant Examiner) 10

/PREMA M MERTZ/ 26 July 2018 . _ . _
Primary Examiner, Art Unit 1646 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 none

US. Patent and Trademark Office Part of Paper No; 20180726

Page 1 of 3
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue C/aSSIflcal/on 15,988,463 Cook et al.

H II M" Examiner Art UnitPREMA M MERTZ 1646

INTERNATIONAL CLASSIFICATION

CLAIMED

A6’lK

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS SU BCLASS

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

 

 
NONE

Total Claims Allowed:

(Assistant Examiner) 10

/PREMA M MERTZ/ 26 July 2018 . _ . _
Primary Examiner, Art Unit 1646 QC. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 none

US. Patent and Trademark Office Part of Paper No; 20180726

Page 2 of 3
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue C/aSSIflcal/on 15,988,463 Cook et al.

H II M" Examiner Art UnitPREMA M MERTZ

Claims renumbered in the same order as presented by applicant (3 CPA (:1 TD. (:1 R.1.47
CLAIMS
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NONE

Total Claims Allowed:

(Assistant Examiner) 1O

/PREMA M MERTZ/ 26 July 2018 . _ . _
Primary Examiner, Art Unit 1646 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 none

US. Patent and Trademark Office Part of Paper No; 20180726
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Search History Transcript Page 1 of 1

WEST Search History

 
DATE: Thursday, July 26, 2018

 

Hide? Set Name My Hit Count

DB=PGPB, USPIEPABJPARDWPI,FPRS; PLUR: YES; OF: OR

L8 L6 and L2 5

L7 L6 and L1 5

L6 fibrosis 158919

L5 L3 and 12 5

:2: L4 L3 and L1 5

...... L3 lL-11 or interleukin-11 19219

1: L2 Schaefer near Sebastianin. 94

L1 Cook near Stuart near Alexanderin. 6

END OF SEARCH HISTORY

http://jupiter8:42900/bin/cgi-bin/srchhist.pl?state=thirkp.10.1&f=toc1&userid=pmertz&src... 7/26/2018
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FORM PTO— 1449/A and B (modified PTO/SB/OS)

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 P t t D t _ , , - - . ,
Examiner’s Cite 21 en ocumen Name of Patentee or Applicant of Cited Date Of PUbhcauon 01 ISSUE. . fC't dD t

_-2003-0147849 08-07-2003

—- 2004-0126358 07-01-2004
_- 2004—0142871 Shaughnessy et a1. 07—22—2004

—- 2006-0062760 03-23-2006
_- 2007-0160577 07-12-2007

—- 2009-0191147 07-30-2009

—- 2010-0062058 03-11-2010
_- 2010-0093976 04-15-2010

_- 2010—0183544 07—22—2010
_- 2013-0302277 11-14-2013

_- 2014—0219919 Edwards et :11. 08—07—2014
_- 2016—0031999 Edwards et a1. 02—04—2016

—- 2017-0174759 06-22-2017
_- 5,679,339 10-21-1997

_- 6,126,933 10-03-2000
_- 6,540,993 04-01-2003

_- 6,846,907 Shaughnessy et 211. 01—25—2005

—- 6953777 10-11-2005
_- 6,998,123 Shaughnessy et a1. 02-14-2006

_- 7993637 08-09-2011
_- 8,182,814 05-22-2012

—- 8361966 01-29-2013
_- 8,518,888 08-27-2013

_- 8,540,977 09-24-2013
_- 9,340,618 Edwards et :11. 05—17—2016

_FOREIGN PATENT DOCUMENTS_orei-_n Patent Document Date of

Examiner’s Cite Off / K (1 Name of Patentee or Applicant of Cited Publication of Translation
initials # N 0. 1w Number in Document Cited Document (Y/N )

Country Code MMADDeYYYY

—-_ 1998/36061 The Victoria University of Manchester 08-20-1998 _

—-_ 2000/078336 Genetics Institute, Inc. et at]. 12-28-2000 _

—-_ 2002/020609 Smithkline Beecharn PLC 03—14—2002 _

—-_ zoos/070446 08-04-2005 _

 

 
University of Florida Research

WO 2005/098041 A2 Foundation, Inc. 10-20-2005

—-_ 2009/052588 04-30-2009 _
DATE CONSIDERED:

/?REMA M MEERTZ/ (07/25/2918) 07/25/2018

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

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /P.M.M/
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FORM PTO— l449/A and B (modified PTO/SB/OS)

INFORMATION DISCLOSURE

GROUP ART UNIT: 1629 EXAMINER: Not Yet Assigned

—-_ 2014/121325 CSLLimited 08-14-2014 _
—-_ 2017/103108 Singapore Health Services PTE, Ltd. 06-22-2017 _

Examiner’s Cite
Initials # No

 
OTHER ART — NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume—issue number(s), publisher,

city and/or country where published.

International Search Report and Written Opinion for International Patent Application No.
PCT/EP2016/081430, mailed April 18, 2017.
Chapter II Demand filed August 14, 2017 for International Patent Application No.
PCT/EP2016/081430.

International Preliminary Report 011 Patentability (Chapter II) for International Patent Application
No. PCT/EP2016/081430, mailed November 6, 2017.

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

ANCEY et al., A fusion protein of the gp130 and interleukin-6Ralpha ligand-binding domains acts
as a potent interleukin-6 inhibitor. J Biol Chem. 2003 May 9;278(19):16968-72.

BRAVO et al., Crystal structure of a cytokine—binding region of gpl30. EMBO J. 1998 Mar
16;l7(6):1665-74.

CHEN et al., IL—11 receptor alpha in the pathogenesis of IL—13—induced inflammation and
remodeling. J Immunol. 2005 Feb 15:174(4):2305-l3.

DU et al., Interleukin—1 1: review of molecular, cell biology, and clinical use. Blood. 1997 Jun
I;89(I I):3897-908.
GARBERS et al., Interleukin-6 and interleukin-1 1: same same but different. Biol Chem. 2013

Sep;394(9):1145-61. doi: 10.1515/hsz-2013-0166.

GU et al., Anti-gp130 transducer monoclonal antibodies specifically inhibiting ciliary neurotrophic
factor, interleukin-6, interleukin-1 l, leukemia inhibitory factor or oncostatin M. J Immunol
Methods. 1996 Mar 28;l90(l):21—7.

HALWANI et al., Airway remodeling in asthma. Curr Opin Pharmacol. 2010 Jun:10(3):236-45.
doi: 10.1016/j.coph.2010.06.004.

HAM et al., Critical role of interleukin-11 in isoflurane-mediated protection against ischemic acute
kidney injury in mice. Anesthesiology. 2013 Dec;l 19(6): 1389-401.
doi: 10.1097 IALN.ObO I 3e3 I 82a950da.

KAPINA et al., Interleukin-11 drives early lung inflammation during Mycobacterium tuberculosis
infection in genetically susceptible mice. PLoS One. 2011;6(7):e21878. doi:
10. l371/journal.pone.0021878.

KHAN et al., Fibrosis in heart disease: understanding the role of transforming growth factor-beta
in cardiomyopathy, valvular disease and arrhythmia. Immunology. 2006 May;1 18(1): 10—24.

KIMURA et al., Identification of cardiac myocytes as the target of interleukin 11, a
cardioprotective cytokine. Cytokine. 2007 May;38(2):107-15.

LEE et al., Cysteinyl leukotriene upregulates IL—11 expression in allergic airway disease of mice. J
Aller - Clin Immunol. 2007 Jan;119(1):141-9.

LEE et al., Endogenous IL—ll 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: 10.1 l65/rcmb.2008-
0053OC. Epub 2008 Jul 10.

Translation

(Y/N)

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

(’1?th M mama] (07/25/2013)

DATE CONSIDERED:

07/25/2018 
a EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not in conformance and not considered.
Include copy of this form with next communication to Applicant.
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FORM PTO—1449/A and B (modified PTO/SB/OS)

INFORMATION DISCLOSURE

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

LOKAU et al., Proteolytic Cleavage Governs Interleukin—11Trans—signaling. Cell Rep. 2016 Feb
23;14(7):l761-l773. doi:10.1016/j.celrep.2016.01.053. Epub 2016 Feb 11.

LOK AU et al., Signal transduction of Interleukin-1 1 and Interleukin-6 (xi-Receptors. Recep Clin
lnvesfigafion.2016;3.5 pages

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

MOLET et al., IL-11 and IL-17 expression in nasal polyps: relationship to collagen deposition and
suppression by intranasal fluticasone propionate. Laryngoscope. 2003 Oct;1 13(10):1803-12.
MURRAY et al., Targeting interleukin-l3 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: 10.1 165/rcmb.2013-0342OC.

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

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

RAY et al., Regulated overexpression of interleukin 11 in the lung. Use to dissociate
devekqnnenbdependentand-dndependentphenotypes.JCHinInvest 1997IVov
15;100(10):2501-11.
SCHAFER et al., IL-11 is a crucial determinant of cardiovascular fibrosis. Nature. 2017 Dec

7;552(7683):110-115. doi: 10.1038/natm‘e24676. Epub 2017 Nov 13.

SHEPELKOVA et al., Therapeutic Effect of Recombinant Mutated Interleukin 11 in the Mouse
Model of Tuberculosis. J Infect Dis. 2016 Aug 1;214(3):496-501. doi: 10.1093/infdis/jiwl76.

STANGOU et al., Effect of IL-11 on glomerular expression of TGF-beta and extracellular matrix
in nephrotoxic nephritis in Wistar Kyoto rats. J Nephrol. 2011 Jan-Feb;24( 1): 106-11.
TANG et al., Targeted expression of IL-11 in the murine airway causes lymphocytic inflammation,
bronchial remodeling, and airways obstruction. J Clin Invest. 1996 Dec 15:98(12):2845-53.
TANG et al., 'l‘ransforming growth factor-beta stimulates interleukin-11 transcription via complex
activating protein—l—dependent pathways. J Biol Chem. 1998 Mar 6;273(10):5506—13.
TODA et al., Polarized in vivo expression of IL—11 and IL—17 between acute and chronic skin
lesions. J Allergy Clin Immunol. 2003 Apr;111(4):875—81.

TREPICCHIO et al., The therapeutic utility of Interleukin-ll in the treatment of inflammatory
disease. Expert Opin Investig Drugs. 1998 Sep;7(9):1501—4.
WYNN, Cellular and molecular mechanisms of fibrosis. J Pathol. 2008 Jan;214(2):199-210.

YASHIRO et al., Transforming growth factor-beta stimulates interleukin-11 production by human
periodontal ligament and gingival fibroblasts. J Clin Periodontol. 2006 Mar;33(3):165—71.

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

 
[NOTE 7 No copies of US. patents, published US. 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 1287OG163. Copies of all other patent(s), publicatioms), unpublished, pending U.S. patent applications, or other information listed are
provided as required by 37 CFR § 1.98 unless 1) such copies were provided in an IDS in an earlier application that complies with 37 CFR § 1.98, and 2) the earlier application is
relied upon for an earlier filing date under 35 U.S.C. § 120.]

DATE CONSIDERED:

i .

,PREMA M MERTZ,’ (37/25/2018) 07/25/2018 
i EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not in conformance and not considered.
Include copy of this form with next communication to Applicant.
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DOCKET NO.: M0546.70012USOI

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: Stuart Alexander Cook

Application No.: 15/988,463
Confirmation No.1 7597

Filed: May 24, 2018
For: TREATMENT OF FIB ROSIS

Examiner: Not Yet Assigned
Art Unit: 1629
 

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

The undersigned hereby certifies that this paper, along with any paper referred to as being attached or

enclosed, is being transmitted Via the Office electronic filing system in accordance with § l.6(a)(4), on the 5th day of
June, 2018.

_/Nathaniel W. Taylor/
Nathaniel W. Taylor 

MAIL STOP AMENDMENT

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313—1450

STATEMENT FILED PURSUANT TO THE DUTY OF

DISCLOSURE UNDER 37 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 1: Com liance with 37 C.F.R. 1.97

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

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

37 C.F.R. § 1.53(d).

No fee or certification is required.

PART II: Information Cited

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

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

[PREMA M Imer/ {07/25/2018) 07/25/2018

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. [/PtMuM/
63492121
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Application No.: 15/988,463 - 2 - Art Unit: 1629
Conf. N0.: 7597

presentation of the references should not be construed as an indication of the importance of the

references .

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

above-identified application.

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

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

Serial No, M W1) Docket No.  *15/381,622 December 16, 2016 Cook et a1. M0546.70012US00
*A copy of this reference is not provided as the Office has waived the requirement under 37 CPR § l.98(a)(2)(iii) for submitting a
copy of a cited US. patent application if it is scanned to the Image File Wrapper system and is available on Private PAIR.

The undersigned would like to bring to the Examiner’s attention the enclosed search

report or other communication from a corresponding or related International or Foreign National

Application:

  
Date of Mailin_ T_-e(s) of Communication

International Preliminary
PCT/EP2016/081430 11-06-2017 Report on Patentability PCT/EP2016/081430 04-18-2017 Internailonalrsef'IZCh Report

and Written Opinion

PART III: Remarks

Documents cited anywhere in the Information Disclosure Statement are enclosed unless

otherwise indicated. It is respectfully requested that:

l. 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/OS) be signed by the Examiner to

evidence that the cited information has been fully considered by the United States Patent and

Trademark Office during the examination of this application;

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

application.

[PREMA M MERTZ/ (07/25/2018) 07/251’2018

ALL REFERENCES CONSIDERED EXCEPT “WERE LINED THROUGH. /P.M.,M/

63492121
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Application No.: 15/988,463 - 3 - Art Unit: 1629
Conf. N0.: 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, or that

more relevant information does not exist.

By submitting this Information Disclosure Statement, the undersigned makes no

representation that the information cited in the Statement is, or is considered to be, material to

patentability as defined in 37 C.F.R. § l.56(b).

By submitting this Information Disclosure Statement, the undersigned makes no

representation that the information cited in the Statement is, or is considered to be, in fact, prior

art as defined by 35 U.S.C. § 102.

Notwithstanding any statements by the undersigned, the Examiner is urged to form his or

her own conclusion regarding the relevance of the cited information.

An early and favorable action is hereby requested.

The Director is hereby authorized to charge any deficiency or credit any overpayment in

the fees occasioned by the filing of this Information Disclosure Statement to our Deposit

Account No. 23/2825 under Docket No. M0546.70012USOl from which the undersigned is

authorized to draw.

Respectfully submitted,

By: /Am J. McMahon/

Amy J. McMahon, PhD, Reg. No. 73,073

Wolf, Greenfield & Sacks, PC.
600 Atlantic Avenue

Boston, Massachusetts 02210—2206

Telephone: (617) 646-8000
Docket N0.: MO546.70012U301

Date: June 5, 2018
XNDDX

Magma M MERTZ/ (07/25/2618) 07/25/2018

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. fP.MM/

63492121
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Page 1 of 1

' UNITED STATES PATENT AND TRADEMARK OFFICE
LNITLD STA'lES DEPARTMENT OF CUJVIMERCE
United States Patent and Trademark Ofi'ice
Address: COMMISSIONER FOR PATENTS

P.O. BOA 1450
AchauIlIia, ViIgiIIia 2231371450www IISDTO gov

 
BIB DATA SHEET

CONFIRMATION NO. 7597

SERIAL NUMBER FILINSAQIJ’E 371 (C) GROUP ART UNIT ATTORNI‘lTCY) DOCKET
15/988,463 05/24/2018 M0546.70012USO1

RULE

APPLICANTS

Singapore Health Sen/ices PTE LTD., Singapore, SINGAPORE;
National University of Singapore, Singapore, SINGAPORE;

INVENTORS

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

** CONTINUING DATA id”:*******'k*'k*~k*~k***~k*~k**

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

*1: FOREIGN APPLICATIONS itirict‘kt‘kiddddddttidridflctict‘ki:
UNITED KINGDOM 1522186.412/16/2015

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

ForeignPrioritycIaimed WYeSDNo STATE OR SHEETS TOTAL INDEPENDENT
35 USO 119(a-d) conditions met BYes 3 NO CI Mel after COUNTRY DRAWINGS CLAIMS CLAIMS. . Allowance

VerIerd and 533A; MARIA SINGAPORE 66 10 1
Acknowledged Examiner's Signature Initials

ADDRESS

WOLF GREENFIELD & SACKS, PC.
600 ATLANTIC AVENUE

BOSTON, MA 02210-2206
UNITED STATES OF AMERICA

TITLE

TREATMENT OF FIBROSIS

3 All Fees

31.16 Fees (Filing)
FEES: Authority has been given in PaperFILING FEE - -

RECEIVED No. to charge/credit DEPOSIT ACCOUNT 3 1-17 Fees (Process'ng EXt- 0f I'm)
for following: 3 1.18 Fees (Issue) I

3 Other

3 Credit

 

   
 

BIB (Rev. 05/07).
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FORM PTO—1449/A and B (modified PTO/SB/OS)

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

Date of Publication or Issue
of Cited Document
hIMADDiYYYY

Name of Patentee 01' Applicant 0f Cited
Document 

FOREIGN PATENT DOCUMENTS

Foreign Patent Document _ _Publication of

Examiner’ s ' . _ Name of Patentee or Applicant of Cited Cited Translation
Initials # . Office/ Number Kmd Document Document (Y/N)

Country Code MM—DD—
YYYY

Y-Abstract &
Machine

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

. , Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the .Examiner s . . . . . . . Translation

1 't' 1 # item (book, magazme, Journal, serial, symposuim, catalog, etc), date, page(s), volume-issue number(s), (Y/Nl
n1 m S publisher, city and/0r country where published. /

METZ et al., Characterization of the Interleukin (IL)—6 Inhibitor IL—6—RFP: fused receptor
domains act as high affinity cytokine-binding proteins. J Biol Chem. 2007 Jan
12;282(2):1238-48. Epub 2006 NOV 3.

[NOTE 7 No copies of US. patents, published US. patent applications, or pending, unpublished patent applications stored in the USPTO' 5 Image File Wrapper (IFW) system,
are included. See 37 CFR § 1 .98 and 12870G163. Copies of all other patenttis), puhlication(s), unpublished, pending US. patent applications, or other information listed are
provided as required by 37 CFR § 198 unless 1) such copies were provided in an IDS in an earlier application that complies with 37 CFR § 1.98, and 2) the earlier application is
relied upon for an earlier filing date under 35 U.S.C. § 120.]

 

EXAMINER: DATE CONSIDERED:

,I'PREMA M MERTZ/ (07/25i2018) 07/25/2018 
# EXAMINER: lni ti al if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through citation ifnot in conformance and not considered.
Include copy of this form with next communication to Applicant.
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /P.M.M/

Ex. 2001 - PageG1



Ex. 2001 - Page62

FORM PTO—l449/A and B (modified PTO/SB/OS)

INFORMATION DISCLOSURE

GROUP ART UNIT: 1 646 EXAMINER: Prema Maria Mertz Not Yet

_U.S. PATENT DOCUMENTS_.S. Patent Doctiment . - .. - , ,Examiner’ s ‘7 Name of Patentee or Applicant of Cited de 0f Pubhcduon or Ibbue. . # of Cited Document

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Date .OfPublication of
Cite
No.

Name of Patentee or Applicant of Cited Cited Translation

Office/ Number Kmd Document Document (Y/N)
Country Code MM—DD—

YYYY

_-- 1630232 Conaris research institute AG 03-01-2006 —
_--1996/019574 06-27-1996 —
_--1999/020755 Glaxo Group Limited 04-29-1999 —

Commonwealth Scientific and

WO 2005/058956 A1 Industrial Research Organisation 06-30-2005

OTHER ART -— NON PATENT LITERATURE DOCUlVIENTS

. , . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the .Examiner s Cite . . . . . _ . _ Translation

item (book, magazme, Journal, serial, symposium, catalog, etc), date,.page(s), volume-issue number(s), (Y/N)publisher, City and/or country where published. /

CHOW et al., Structure of an extracellular gp130 cytokine receptor signaling complex. Science.
2001 Mar 16;291(5511):2150—5.

JOHNSTONE et al., 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/j.cytogfr.2015.07.015. Epub 2015 Jul 14.

LEMOLI et al., 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 Illl Antibody. Creative Biolabs. 2018

Examiner‘ s. . #
Initials 

PUTOCZKI et al., Interleukin-11 is die dominant IL-6 family cytokine during gastrointestinal
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To: Patents_eOfficeAction@WolfGreenfield.com,WGS_eOfficeActio n@WolfGreenfield.com,
From: PAIRieOfficeAction@uspto.gov
Cc: PAlR_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, PC.
600 ATLANTIC AVENUE

BOSTON, MA 02210-2206
UNITED STATES

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

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

Disclaimer:

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

Application Document Mailroom Date Attorney Docket No.
15988463 NOA 08/03/2018 M0546.70012USO1

INTV.SUM. EX 08/03/2018 M0546.70012USO1
1449 08/03/2018 M0546.70012USO1
1449 08/03/2018 M0546.70012USO1
1449 08/03/2018 M0546.70012USO1
1449 08/03/2018 M0546.70012USO1

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

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

Monday — Friday 6:00 am. to 12:00 a.m.

Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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UNITED STATES PATENT AND TRADEMARK OEEICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMIVIISS IONER FOR PATENTS

PO Box 1450
Alexandria. Virginia 22313-1450
www.usplo gov

 
 
  APPLICATION NO. FILING DATE FIRST NAM ) INVENTOR ATTORNEY DOCKET NO. CONFIRMATION l\O. 

 
15/988,463 05/24/2018 Stuart Alexander Cook M054670012Uso1

WOLFGREENFIEMmemo. m
600 ATLANTIC AVENUE MERTZ PREMA MARIA

BOSTON , MA 02210-2206
UNITED STATES OF AMERICA

1 646

 
N O'I'IEICA'I'ION 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):

Patentsie0fficeAction @WolfGreenfield.corIi
WGS_eOfficeAction @WolfGreenfield.com

PTOL-90A (Rev. 04/07)
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Commissioner for Patents
United States Patent and Trademark Office

PO. Box 1450
Alexandria, VA 22313-1450

www.uspto.gov

In re Application of : DECISION ON REQUEST TO
Stuart A. COOk, Ct 211- : PARTICIPATE IN THE PATENT

Application No.2 15/988,463 ; PROSECUTION HIGHWAY

Filed: May 24, 2018 : PROGRAM AND PETITION

Attorney Docket No.: M0546.70012USOl ; TO MAKE SPECIAL UNDER

For: TREATMENT OF FIBROSIS ; 37 CFR 1.102(a)

This is a decision on the request to participate in the Patent Prosecution Highway (PPH) program

and the petition under 37 CFR 1.102(a), filed June 6, 2018, to make the above-identified

application special.

The request and petition are GRANTED

DISCUSSION

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

l. The US. application for which participation in the Global/1P5 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/1P5 PPH

participating office or a corresponding PCT international application for Which one of the

Global/1P5 PPH participating offices was the International Searching Authority (ISA) or the

International Preliminary Examining Authority (IPEA).

2. Applicant must:

a. Ensure all the claims in the US. application must sufficiently correspond or be

amended to sufficiently correspond to the allowable/patentable claim(s) in the

corresponding Office of Earlier Examination (OEE) application and

b. Submit a claims correspondence table in English;

3. Examination of the US. application has n_ot begun;
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Application/Control Number: 15/988,463 Page 2

Art Unit: OPET

4. Applicant must submit:

a. Documentation of prior office action:

i. a copy of the office action(s) just prior to the “Decision to Grant a Patent”

from each of the Global/1P5 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/1P5 PPH participating office application is a first action

allowance then no office action from the Global/1P5 PPH participating office

is necessary should be indicated on the request/petition form or

iV. the latest work product in the international phase of the OEE PCT

application;

b. An English language translation of the Global/1P5 PPH participating office action

or work product from (4)(a)(i)—(ii) or (iv) above;

5. Applicant must submit:

a. An IDS listing the documents cited by the Global/1P5 PPH participating office

examiner in the Global/1P5 PPH participating office action or work product (unless

already submitted in this application)

b. Copies of the documents except US. patents or US. patent application

publications (unless already submitted in this application);

The request to participate in the PPH pilot program and petition comply with the above

requirements. Accordingly, the above-identified application has been accorded “special” status.

Telephone inquiries conceming this decision should be directed to Angela Walker at (571)
272- 1 05 8 .

All other inquiries concerning the examination or status of the application is accessible in the

PAIR system at http:/i'portal.usptoqgovz’.

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

/SDB/

Sherry D. Brinkley

Lead Paralegal Specialist
Office of Petitions
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Office of Petitions: Routing Sheet

4 7 0 0

Application No. 15988463

         

This application is being forwarded to your office for

further processing. A decision has been rendered on a

petition filed in this application, as indicated below.

For details of this decision, please see the document

PET.OP.DEC filed on the same date as this document.

“““x” GRANTED

DISMISSED
\\\\\\\\\\\\\

DENIED
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Office of Petitions: Decision Count Sheet Mailing Month

15988463 llllllllllllllllgllllalllllalllllllllllllllllll* 1 *
 

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

For PCT: enter ”51+single digit of year of filing+last 5 numbers", Ex. for PCT/USO5/12345, enter 51512345

Deciding Official: ANGELA, WALKER

Count (1) - Palm Credit 463

“'1 | |||l||||||||l|lll|ll|l||||||| Ill
7 Select Check Box for YES * G R A N T *

5 2 *

  
  

Decision Type: ‘ "“I
, * 6

Notes:
 

Count (2)

. . FINANCE WORK NEEDED mm;
De0i3ion: n/a :

A Select Check Box for YES

 

Notes:   
Count (3)

FINANCE WORK NEEDED ——

Decision: n/a
7 Select Check Box for YES

Decision Type:
 

  
If more than 3 decisions‘ attach «w

Initials of Approving Official (if required) 2nd count sheet & mark this box 2“:

Printed on: 7/23/2018

Office of Petitions Internal Document — Ver. 5.0
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To: Patents_eOfficeAction@WolfGreenfield.com,WGS_eOfficeActio n@WolfGreenfield.com,
From: PAIRieOfficeAction@uspto.gov
Cc: PAlR_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, PC.
600 ATLANTIC AVENUE

BOSTON, MA 02210-2206
UNITED STATES

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

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

Disclaimer:

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

Application Document Mailroom Date Attorney Docket No.
15988463 PET.OP.DEC 07/26/2018 M0546.70012USO1

PPH.DECISION 07/26/2018 M0546.70012USO1

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

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

Monday — Friday 6:00 am. to 12:00 am.

Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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APPLICATION NO.: 15/988,463 ATTY. DOCKET NO.: M0546.70012USOI
FORM PTO—l449/A and B (modified PTO/SB/OS)

CONFIRMATION NO.: 7597

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

US. Patent Document . - ,. - , ,

Name of Patentee 01' Applicant 0f Cited defi:&§$fi1§::rfin:iibbue
Document MMrDDiYYYY

Examiner’ s- - #
Initials Z.0

Number

2009-0202533 
FOREIGN PATENT DOCUMENTS

Foreign Patent Document _ _Publication of

Examiner’ s . _ Name of Patentee or Applicant of Cited Cited Translation
Initials 1‘ . Office/ Number Kmd Document Document (Y/N)

Country Code MM—DD—
YYYY

Y-Abstract &
Machine

KR 20110047179 A 05-06-2011 translation

OTHER ART -— NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the
item (book, magazine, journal, serial, symposium, catalog, etc), date, page(s), volume-issue number(s),

publisher, city and/or country where published.

METZ et al., Characterization of the Interleukin (IL)—6 Inhibitor IL—6—RFP: fused receptor
domains act as high affinity cytokine-binding proteins. J Biol Chem. 2007 Jan
12;282(2):1238-48. Epub 2006 NOV 3.

 
Translation

(Y/N )

Examiner’ s- - #
Initials

 
0

[NOTE 7 No copies of US. patents, published US. patent applications, or pending, unpublished patent applications stored in the USPTO' s Image File Wrapper (IFW) system,
are included. See 37 CFR § 1 .98 and 12870G163. Copies of all other patentlis), puhlication(s), unpublished, pending US. patent applications, or other information listed are
provided as required by 37 CFR § 198 unless 1) such copies were provided in an IDS in an earlier application that complies with 37 CFR § 1.98, and 2) the earlier application is
relied upon for an earlier filing date under 35 U.S.C. § 120.]

EXAMINER: DATE CONSIDERED:

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

64860691
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e .2007 b, The 

Characterization of the interleukin (EU-ate inhibitor its-6W?

FUSES secretes DGMAiNS arms HIGH AFFiNiTY cyronsesmomo PRGTEIN?Received :OI’ pr 2006,and in revised fornificmber '17 l?(:ation,1'uiy 39, 
Published I‘BC. PaCZC—I’S‘I fizess, Noverrbe .12\1\16,DI' 'CIWHIL!\;460688SZOO

Silke Metzl, Monique Wiesingerl, Michael Vogtl, Heike tanks, Gunther Schmaizingé, Peter C. Heinrichl,
and Gerhard Milller-Newenfl

mm the $lnst‘itijt far Biochemie, Pauwelsstmsse 30 and the Sinstitut fair Molekuiare Pharmakoiogie, Universitfitskiinikum RWTH
Aachen, Wendiingweg2, 53074 Aachen, Germany

Although fusion proteins of the extracellular parts of receptor
subunits termed cytokine traps turned out to be promising; cyto-
l<ine inhibitors for antimcytoltine therapies, their mode of action
has not been analyzed. ‘We developed a fusion protein consisting
of the ligand binding domains of the lL—t’: receptor subunits
ll1I—6Ra and gplifll that acts as a highly potent lL-‘é inhibitor.
GplSG is a shared (:ytolcine receptor also used by the IL~6~re~
lated cytolqiries oncostatin Ni and leukemia inhibitory factor. hi
this study, we have shown that the lL—6 receptor fusion protein
(Il.—6—RFP)

oncostatln Ml or leukemia inhibits] ty factor. W’e characterized
the complex of lL—é—RFP and tluorescently labeled lL—6 (YFP—
ll1'6) by blue native PAGE and gel filtration Avaold molar
excess Int IL"6"1{F 1’ over lL—(i was sufficient to entirely bind 11.45

is a specific llxé inhibitor that closes not block

in a complex with llxti—RFF. As shown by treatment with urea
and binding competition experiments, the complex of lL—é and
lL-6~l{PP is more stable than the complex of lL—fi, soluble

Sumter, and soluble gpllfitl. By live cell imaging, we have dem-
onstrated that YFPdL-é bound to the surface of cells expressing
gpl’a‘terFP is removed from the plasma membrane upon the
addition of lL—é—RFP. The apparent molecular mass of the

lL—éIlL—é—REP complex determined by blue native PAGE and gel
filtration suggests that 11:6 is trapped in a structure analogous
to the native hexameric 111-16 receptor complex. Thus, fusion of

the ligand binding domains of heteromeric receptors leads to
highly specific cytoltine inhibitors with superior activity comr
pared with the separate soluble receptors.

(:Iytokines are important mediators in the
immune responses as.d inflammation Dysregulated cytokine
signaling, leads to chionic inflanmtation and cancerTlterefore,

pmI'nt'lanimatory cytoldnes, such as tumor necrosis factor
(lNl'I)andmterleulonand -6.havebeenidentified as prom-—

3‘ This WOIk was suppo‘m’red by theL.eutsche FOIschungsgemeinschaft
’So-Idr—Ilorgcnm‘q<br—reul‘ SFB 542 and GraduIIenenkolleg’'E’xiointerface"
GRKOI3‘5) and the Fonds der Cl ’mIschen IIidustIie (FernlIIfLIIl am Main).
The costs oi publication of this artitle were defrayedIn part by the pay-
ment 03 page charges This article must thereIore be hereby marked
"a 'I/EI'Z' Jeni" Ir‘. accordancewith 18 U.SC. Section W34'SOlEE ly to IIIG'I
care this L .

1 To whomcorrespondence shouldoe address.ed: lnstitut Fur Biochemie, Univer-
SIta‘tsklinIkum RWI’H Aachen Pailwelsstrasre 30, 5.074 Aachen, Germany.
T' ..: 49-241—3088860; Fax: 1924180—2. ' E— II .l: mueller—newen@
thh-aachende.

The abbreviations used are: TNF, tumor necrosis factor; BSA, bovine serum
Ibumin; (IBM, cytckine binding module; CFP, cyan fluorescent protein; IL,

interleukin; LIP, leukemia inhibitory factor; 015M, oncostatin M; RFP, recep-
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regulation of

islng therapeutic targets. First approaches to specifically block
the action of provinflammatnry cytoltines have focused on the
use of net:tralizmgz nitbodies against a speciflic CVZ‘lUlKlIne or Its
receptor Onliy recentlm’)the value of SOIublc cytoltine receptors
as cy'tolt“’16 antagonists for the treatment of inllammatorv dis—
eases has been fully recognmecl.

Prolnflammatory (:ytokines signal through receptor pro»
teins consisting of an extracellular part, a single transmem-
brane region and a cytoplasmic domain. Ligand binding to the
ex zcellular part of the receptor results in tl 9 activation of

signa.traIscluction cascades by the cytoplasmic (ltrnain.
Soluble receptors consisting only 01the extracellular part are
potentIinliihitoi s olcytolcine activity.1'hey bind the 'zytolcine
with the same specificity and allinity as the m mbrane~
bound receptors without eliciting an intracellular signal, A
dimeric form. of the soluble TNF receptor is currentl‘I used

for the treatment of inflammatory diseases caused by ele—
vated TNF expressmn (1).

.Most crytolcines signal through hetero-merit: receptor comm
plexes consisting ot" two or more diffs ent receptor s11 bunits. ln
such a case, inhibition of cytolcine actIVity by soluble receptors
is more challenging Recently we and others have shown that
the appropriatefIlsion ol (li lferent soluble receptor proteiIs

results in highly potent antagonists (2. 3I
Interleukin—6 (life/CI) has been validated as a target for the

tree. n ent of several diseases, such as rheumatoid arthritis and

the lymphoproliferative disorder known as Castleman d1sease
1:45, 5). Ell-6 signals tr-Irongh two clnterent Ieceptor p:oteins It
first binds to an a-receptor subunit (lL—6lxoz). ”'thlow affinity
complex of ll—6 and ll6Ra engages the signal transducing
I‘eceptoi subunit 3.31.10 leading to a high affinity receptor com-—
p 23x and the in tion of the cytoplast ic signaling cascades.
Upon ligand binding, lands tyrosine lounges that are constitu»
tively associated with gplEO become activated, resulting in
tyrosir‘. epl‘Iosi)l‘IorylatlIm of the transcription factor STATE

(st?Ignaal transclIucet zinccl activator of transcription 3) Activated
51 Al39ccumulates1n the nucleus where it induces lL~6 target
g6sen3(5).)

Soluble gpl 30 (sgpl 30) has a moderate antagonistic effect on
ll -6 actwitV' (7), whereas soluble ll. -6l{cv (SlL’Roz) acts even

agonistically {8) ”logether with IL6 ell.6120: can be regarded
as a CO'ilg‘atld reqnnedfor the actuation of gplSO. \X’e have

 

  

 

tor fUSIon proteIn; SEAT signal transducer inId activator of transcnption;
YFP, yel low fluorescent pIotein; 5, soluble; D, domam; R, YGCGpV‘l; ELISA,
enzyme—Imked immunosorbent assay; BIstris, 2—IbIs (2-hydroxyethyi)
ammo]?—(hydonymethyI)pIopaneI,33-dIol.

2 . N UMBER 2°JANUARY12, 2607
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shown that, in the presence of sgp 130, the agonistic activity of

slip-61m: is converted to an antagonistic: activity (9). 'l'hus, the
combined application of le—éRa and sgp 130 results in a strong

inhibition of iL~6 activity.

The extracellular part of gpilfii) consists of a single iglilte

domain (Di) followed by five fibronectin type ill—like domains
(DZ—Do) (10), Domains D2 and D? form the cytokine binding
module (EBA/l), which is the structural hallmark of the herna-~

topoietic cytoltine receptors (11.) The extracellular part of

lL—oRa also consists of an ig—like domain (D1) followed by a
(BM: (DE and DB) (122). By mutational analysis, it was shot 'n

that. use contacts its receptors with three distinct binding sites
(13), Site 1 binds the (IBM oflL—(allo: (i4), and sites ii and Ill

interact with the (IBM and D1 of gp 130, respectively (15).
Recently, the structure of the soluble hexanieric ill/6 recepv

tor complex consisting of two molecules of each use, leroRa

(DZ—D3), and sgpidfl (Di—D3) has been solved by Xuray crys~

tallography (l a) One list) molecule contacts with its site ll the
Clihl of one gp 130, and with its site ill, the lg—lilce domain of a
second gpl30 molecule. The same is valid for the second lL—o

molecule leading to a highly symmetric complex.
Based on the structural features ofthe liar—6 receptor complex

and the well characterized antagonistic activity of the combina—
tion of silL.-~6i~itr and sgp 130, we designed a fusion protein (inter-—

leuléinri receptor fusion protein, llJ—6/RFP) consisting of the

ligand binding domains of gpiBO (D1733) and ill/(silo; (D2777

D3) fused with an appropriate peptide linker (see Fig, 7/l) (3).
W1 have shown that this sion protein acts as a highly potent 

ill—62 inhibitor. The cytoltine receptor gpil’fil) is a shared receptor

subunit that is used by other lL-6~type cytoldnes, suc as inter»
leulcin' 11 (lL—l l), oncostatin l‘v’l ((:)Sl\/ll, and leukemia inhibi-~

tory factor (Ll?) (17, 18). Although ll.—6~RFP does not inhibit

lbll (3), its activity toward Li? and OSlVl has not been tested
yet.

Although the importance of fused cytokine receptors as
future drugs has been recogi ized (19), their mode of action has

not: been analyzed in sufficient detail. Therefore, ve investi—r

gated the specific: ity, stability, and stoichiom e try of the complex
formed by iL—6 and lL—é—RPF. ‘We have shown that lL-G-RH’ is

a highly specific {lo->6 inhibitor that does not interfere with the

bioactivity of the related cytokines Lil: and 035M. A new
method for the analysis of protein—protein interactions based
on blue native gel electrophoresis, fluorescent fusion proteins,

and fluorescence scanning is presented. ‘We have shown that a
2—fold molar excess oflL—(a—EFP over 1L6 is sufficient to com—

pletely trap lino in a binary ,iii-vo-iii-o-RFP complex, The com-~
plex of lL-—6‘lL~6«RFP is more stable than the complex of lL—é

with the separate soluble receptors silo/{wild and sgp 130. 1 s

shown in a live cell imaging experiment, YFPJLJG, once bound
to its cell surface receptors, is removed from the plasma mem-v

brane upon the addition of lL—G—RPP. Analysis of the stoichi—

ome ry by native gel electrophoresis and gel filtration suggests
that the architecture oi'the ll,,«6-ll,.rt3~l€l5l) complex is analogous

 to the hexameric receptor complex ider tied by x—ray crystal—

lography. Thus, lL-édiljl’ is a promising lhé inhibitor for the

treatment of diseases caused by dysregulated ill->6 expression.

JANUARY “:2, 2007°‘~/OLLW‘.E ZSZ-NLlJ‘i/lBER 7
\
 

The Complex Mil-6 and IL—ouRFP

EXPERIMENTAL PROCEDURES

Gyro/lines, Cyt‘akine Receptors-—-- Recombinant human lL~6
was expressed in Escherichia coli, refolded, and purified as

described previously (20), The specific activity of iii—6 was
measured by a l39 cell proliferation assay (12.1). {33M was pur—
chased from PeproTech (Rocky Hill, Ni) and Li? from Chemi»
con international {Teinecula, C‘ ). sllxéRo was expressed "n

insect cells as previously described (22}, sgp 130 was obtained
from R 8: D Systems (Minneapolis, MN)

Cell Culture and flrrmiyisrrtion of Plane? Cells----- The human
hepatoma cell line l—iepGQ (purchased from the American Type
Culture Collection, Manassas, V ‘ ) was grown in Dulbecco's

modified Eagle’s medium F— 1:2. 1:1 mix with GlutaMaxTMI
(lnvitrogen) supplemented with i006. heat—inactivated fetal calf
serum (Cytogen, Princeton, Nl‘), l-‘or starvation conditions, cells
were cultured in pure, serum—free Dulbecco’s modified Eagle's

medium with 45-30 rug/liter glucose, GlutamaxTMI, and pyru—
vate (lnvitrogen), Plasmids were transiently transfected into
HepG-Z); cells using FuGENE 6 (Roche Applied Science) accord
ing to the manufacturer’s instructions.

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

co’s modified Eagle’s medium with GlutalvlaxTM (lnvitrogen)
supplemented with 10% heat;-inactivatecl fetal calf serum, 100

mg/liter streptomycin, and 100,000 units/liter penicillin (Cam—
brex Bio "cience. Verviers, Belgium), Cells were grown at 37 "C
in a water~saturated atmosphere in 5% C01,, Plasmids were

transiently transfected into C0547 cells using LipofectamineTM
2000 (luvitrogen) according to the manufacturers protocol.

Reporter Gene Assay—HepGQ cells were seeded onto 53—well

plates (9.6 crnyv'well) and transiently cos—transfectecl with pGLB—
rtZM-Luc (construct with luciferase gene regulated by the 0112

macroglolmlin promoter) and pCl TME laacZ (galactosidase
construct with a constitutively active promoter; Ar iersham
Biosciences). Cells were starved in serum—free medium for 6 h

and subsequently stimulated with 5 rig/ml ill—6 or the combi—
nation of lid-'6 and lLfi~RPP for it: h at the molar ratios indi—

cated. To determine the specificity of llxor—RFP, HepGZZ cells
were stimulated in parallel with 05 ng/ml OSM or a mixture of
03M and lL—(a—RPP, with 5 ng/ml LIP, or a mixture of LIP and
iii-o-lél-‘P. Previous to stimulation, the corresponding; cytokine
and lL~6le5P were incubated for 30 min at 37 °C to allow com—

plex formation. Preparation of cellular lysates and luciferase
measurements were carried out according to the instructions of
the manufacturer (Promegal. The luciferase actiVity values
were normalized to the transfe ‘tion efficiency, which was
determined as B-galactosidase activity, The experiments were
carried out in triplicates, and the mean values and standard
deviations were calculated,

Preparation of Cal! Lannie.» SDS—PAGE, WVESi'EVV.‘ Blotting,
mild Immunodetection»»»»» l-iepGE cells were cultured on 6-—well

plates, starved overnight, and stimulated with the indicated
cytoltine or combination of cytoltine and lla-é—RFP for 20 min.
Subsequently, cells were lysed with radioirnmune precipitation
assay lysis buffer (50 mm Tris—l—lCl, pH 7.4, 150 mM NaCl, 1 mM
EDTA, 0.5% Nonidet P410, 1 mM NaF, 15% glycerol, 20 mM
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B~glyc9rophosphate, 1 mivi N 1ND,“ 0.2.5 mM phenylmethylsul»
fonyl fluorides’2 .1Jig/nil aprotinin. and 1 ug/ml leupeptin) The

lysates were analyzed with SDSPA GE, W’estern blotting, and
iinniunodetectiou using an antibody directed against. phospho-~
tyrosine (7051-5115113 (Cell Signaling Technology, Danvers,
MA) or STATS. (type 1-1190, Santa Cruz Biotechnology, Santa
Truz, CA}. Both antibodies were used in a 1:1.1311f} dilution. 1'1

1’115»N (230 mm 'l'ris-l'lijl, 1311.76. 1.37 [TIM NaCl and 0.1%
1‘s.onidet 1’40).

Purification andExpression OJ 119111.» 6 I n Insect C6115—High
five (1-15) insect cells (invitrogen) were cultured at 27°C in
5317590131 medium (lnvitrogen) containing 2 ,ug/rnl blast1C1'11n
'l"o stably transfect the cells with an expression plasmid coding
for YPl’~lL—6, the Cellfectin method (lnvitrogen) was used. 72 h
after seeding of the stably transfected cells, the supernatants
were harvested, and subsequently cell debris was removed by
centrifugation and. sterile filtration. ‘1.’l-'l.’- 111-6 was purified from
C9l'1 supernatants by affinity ciromatography using immobi»
lized le—6Ro‘. Th3e eluaates were supplemented with 0.02%

bovine serum albumin (BSA) to increase protein stability and
dialyzed overnight against phosphate-buffered saline (0.2. M:
NaCl, 2.5 mm KCl, 8' 111M Nazi-11104, 1 5 111M Kl 'il’Og). The
concentration of YFl’—lL—6 in the eluted fractions was deter—

mined by SDSPAGE,\Vesi:e11113.0t11ng, enzyme—linked
nosorlmnt assa.(yLilSA} (2’. :1),aand lluoresre1( (5 spectroscopy

_ Samples containing 111511-15
wereexcited at a we.lve1ength ofa 1.11 nm, whereas the light emis—
' on between 521) and 6111) nm was detected The emission mate
imum of ‘1’1'5'1’ 211: 5215 nm was used for the determination ol' the
YElLlL-é concentration

13242916511011 1;fl]:6RFPm Bast/iii:-vzms—in actedinsect Cells—
11156-R’El7’ was cloned as described previously (3).1'112: linker
that joins BLADE} of human. gplSl) withl.12.555133 of human
111-61102 consists of the flexible extracellular "stalk” region of
11.561101 (Ala? 31/211363) and is ther9fore suppos9d to 139 of low
antigenicity. An additional N—glycosylation site is introduced
with the linker (AsnrAlar'1 hr,- (3,1,10 produce use—arr using
the baculoviru 3 expression system, the instructions given by the
manufacturer were followed. The DNA encoding lL~6»i{l—’l’ was
cut out from the vector pSVL—lL—(‘i~l{¥l’ by Xbal and Baml-ll
(Roche Applied Science) and inserted into the polyhedriri
locus-based haculovirus 1:ransier vector-pVl13923 digested vxuth
the same enzymes 8121 insect cells weie cultivated at 27 °C'in
Sl—QOGll medium with 1070 fetal calf serum. Cells were era—trans—

fected with 11 mg of le.12925111651117? plasmid and (1.5 11g of

batquGold1M DNA Single viius c1.0115s were 0131Cained from

 
  

cinimu '

  

 

the cell supernatants by end point (1.1ilution. Several clones were
screened for expression 01:11.1'6'RFP in Sf}. 1 cells by ELISA. The

 
selected virus ( 125 was t1 en amplified by infecting Sf158 cells
.ultivated 21.1127 "C in serum- free Elf-90011 medium. For protein

expression, exponentially growing Sf158 cells were infected
with the recombinant IL6RF? baculovirus. Three days after
in fection. the cell supernatant containing 111-65131) (“5 l. 11.311111)
was harvested and cleaned. from cells and cellular debris by
centiifugation and steril9 filtration.

Purification of lit—61¢]? by Affinity Chromatogmrally—1L6—
RFl’ was purified from Sf.158<super natants 1>y2:iffiniiy chroma-—
tography with 11.6 immobilized to CNBr~Se:;>liar(ise (Amer.—

1 240 #1011]?Nil] (2"- {11' 

sham Bioscienc9s'). After applying the Cell supernatants to the
column and washing with phosphate—buffered saline contain—
ing 1).-(15m Tween 20, proteins were eluted with 1M acetic acid
and subsequently.ieuitialiredhy .2 N1 "‘ris llC'l (p.11 9‘. 1racit 11s
collected during affinity chromatography were analyzed by
SDSPAGE. silt—(er staining, \‘Vestern blotting, andinimunode—
tectiori with antibodies directed against sllwéRcr or FLAG

(Sigma). The eluates were supplemented with O.(12% BSA (201)
gig/nil) and dialyzed overnight against phosphatebiiricere

sal1119 Theiinal concentration of purified 1L61111’ was 510
(Lg/ml at a yield 01"“'70r:’0 lL—é—Rl’was stored for up to three
yearssat "20 °C Without major loss of activity.

Quantg‘zcmzmz of ZZZ-65.781513 6y £173.41 »»»»»An 151111311. for the
quantification of FLAG/tagged 1L56ARF1’ was carried out as
described previously (9) The ELlSA plates were coated withG
(lg/ml FLAG monoclonal antibody/iSigma), and 50 ng/nil bid
tinvlated monoclonal aritihex1y 11-212 (Diaclone liesai1Con,
France) was used as the secondary antibody lhe standard
curve was obtained by 3—fold serial dilutions of sgplSO—FLAG
expressed-in COST1cells and :alibrated by sgplBO ELISA. (’9‘).

1111.125 1\’(Z.£I.V(;‘ P14 GE and Debt. tirm Off-"luorescence of Y P----- To
allow complex formation, Y'Flj—IL-é and lL~6—Rfl’" or YFl’

1—13,. le—6Ra, and 5gp 130) were incubated for 30 min at room
temperature at molar ratios as irid' ted. Complexes were sep—
arated by blue native FAGE (224:, 25) using gradient polyacrylr

amide gels1’from 4' to 12 or [1 to 20% polyacrylamide) The cath—
ode buffer was composed of 50 mm tricine, 15 nm Bistris, and

(1.1311296 Lnomassie Brilliant Elue® G 251) (Serva, Heidelberg,
Germany"), whereas the anode buffer contained 50 mm Bistris/
l-iCl, p11 7. BSA was used as molecular weight marker protein.
In addition, BSA was utilized as an internal marker protein,
because YFP-llx6 and 11,-6—12131’ 'ere suppleri eI11tcd with BSA

to increase protein stability. 'ihe fluorescence of Yl’l’ was
detected with a fi'yphoont,U251 ’niager (WAmersham Biosciences‘;
using an excitation at 1188 uni, whereas the emission was
detected using a 500 4540 nm band—pass filter. After detection,
the gels were fixed and silver-stained.

Live Cell Imaging by szj'omi Zaser Scanning A croscopy-----
Confocal microscopy 01living cells was carried out using a Z 5133
LEE/1510 l‘vleta confocallaser—scanning microscope (Zeiss, lena
Germany) equipped with an argon laser, a 611 ENC/1.2 aperture'
watent—corrected obiective an ope). cell cultivation cl'iai'nlier
(Pecon. Eihach, Germany), and a CC)2 incubation and heating

unit1(Zeiss‘) Forli‘.Ie cellimaging, C0517 cells were transfected
wiihgiS—Vl.—gpl..1(11214.111’ coding for an internallzationr—deli
cienl mutant of gpl 111 fused to Cl-1’ (26). Subsequently. cells
were seeded onto 42,-rm'm glass coversiips, and 4.91 h after trans»
fection, coverslips were placed into the open cell cultivation

chamber The CO2 incubation. and heating unit maintained a
cor.st2.nt (_'0, am:)u.'it of31/6. and a temperature (111.37 C For

recording of multiple fluorescence signals from one ce5,ll the
inultitraclc function of the LSM53 11) Meta microscope was used.

Cyan fluorescence was ex. ’ ed with A 5 11158 um (5% transmis-
s’on‘) and detected aftera band-passiilter 31’ "180/20. Yellow
fluorescence was excited with )1 5141 nm-(5% transmission)

anda band—pass filter 11? 530 —60() was used. Allimages repre—
sent confocal slices of ~51 um. Cells were (Io-stimulated with

210 111511ml YFl’ll6 and 3 lug/nil 3111'6RCL’, and CF? and YFP
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FIGURE ‘1. Bloaztivlty and specificity of iL--6--RF?.A, HepG2 cells were trans--
fected with a reporter gene plasmid coding for luciferase under the control of
the lL—6—responsive rat aZM promoter. To investigate the concentration
dependence ofthe inhibition of the lerfirinduced lucit’erase activity by it
RFP, lL»6 and iL—6-RFP were incubated at the indicated molar ratios for 30 min
at 37’ ”C to allow complex formation. Subsequently, HepGE cells were stimu-
lated for 16 h V\ ith the mixture ofcytokine and inhibitor. Luciferase activity
was measured in triplicates. 8, HepG? cells were transiecten' as described for
I”: and stimulated with.c-E-, OSM or LIF. To investigate the speci.rcity of the
lL6 inhibior, lL6_. OSM. or LlF were preirtcubated with.”:6RFPI:or 30 min at
37 °C at the molar ratios ind:-cated Subsequently, HepGZ cells were stimu—
lated for 16 h with the mixture of cytokine and inhibitor, and the luciferase
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The Complex sill-6 and iL—6uRFP

fluorescence was measured every 4 min over 1 h In a second
approach,a2110—fol (1 molar excess or IL —6 REP over {FP—IL—6
was added to the cells; 2]. min after cwstimulaticrn.

Gel Filtration-u-Gel filtration was carried out, at 4 "C with a

Stiperdex 200 16/60 column (Aaneraltani Blosciences) at 'a flow

rate of 1 ml/min. During each run, the light absorption at 280
run 1 '225 measured Tl1e:olu1nn was:.2:lil1raiedwltl1 9 mg; (zl’a gel

Liltration standard protein mixture containing thyroglolmlin
(670 ltDa), y-glohnlln (158 cha) oval‘hnrnin (44 cha:,mvoglo—
bin {17 cha), and Vltamh. B]?\l..35 cha) (Bio Rad). During gel
filtration of YFP11.6 and the YFP IL—6IL6—RFP complex,
.3r:1li'ract-t:10ra were collected.

RESULTS

11-6—’{FP Inhibits A:'rIte Phase Prater/r Gene Induction and

TA T3 Activation by I].6 but Not by the Related Cytokines
051% and LIP—Human hepatocellular carcinoma cells
(HepGC-l) respond to II.—6 OSNl,ai1cl LIF stimulaiiun with the

induction 05 acute phase prote-.11 gewas (I). 7) and are tl1-erefore
well suited to test the specificity ollerCrltFI’. As shownin Fig.
1A IL—r‘i—RFP concet1tratlom1—clepenclently inhibited the induc—
tion (at the (1.. meter iglohulI111 (11264) promoter by IL~6 in 21

reporter gene assay. A. Z-Icrlcl molar excess of lL»6-I{FI’ over
lL-6 led to a reduction of the biologcal response of “-70%. A
>lll—fnld molar excess suppressed gene induction to nearly
basal levels. At concentrations of 11.64217?” which completely
inhibited {I6 activity, getare induction by ”SM was not dis—
turbed (Fig. 18,1. At a BC'fold molar excess orlL—{w-liFl’ over LIP,
LIP activity was not affected A moderate inhibition of LIP
activity was Glaservecl at».6K1)told excess. Fig ICshows that

L~6—RFP acts on .IL-~6~rnediatecl reporter gene induction not
only after preinctthatinn of the cytoltine and the inhibitor (pro-—
cerium a) but also when the inhibitor is given simultaneouslv
(procedures [9 and I.) or with-a Ciel-av or 10 min (procedure 51') or

20 min (procedure .8). Reporter gene.einduction was measured
16 h after cytultine stimulatinn, whet" :215 STATE tyrosine
phosphorylation could be detected within Hill‘lttes (lig. 11)).
STATE activation was inhibited when lL—6 and lL—6—RFP

were preincuhated for 3‘0 min (procedure a) or added simul—
taneously (procedure (7), In this short term assay a delay of

activity induced 1: {Ion the (122M promoter activation was measured. C, HepGE
cells were transfected 3: described for A.‘.t6 was incubated with a 10-fold
molar excess of.Lné-RF.” for 30 min at 37C Afterward, Hep-G2 cells were
stimulated for l6'r1 with the mixture 0:cytokine and inhibitor (procedure a). in
procedure b, HepGZ cells were preincubated with lL—6-RFP for 30 min and then
stimulated with lL6 for 16h, whereas in procedure c, lLeE: and i 67RFP were

added simu:'taneuus'sly to the cells withoutipreincuhation. in pro at dandP.Hep62 cells were stimur'ated w:th il_-6‘nor 10 or 2v min, respectively, and
sabrequenlytreated with IL ”"6...L'Pfor16h. Afterthat :ime,luciferase activity
induced upon LIZM promoter act:vation was measured. D, l-iepG? cells were
seeded onto- 6-well plates and serum—starved overnight Subsequently, lL6
was incubated with a 5fold molar surplus or! -L6 RFP at 37 ‘C for 30 min to
allow cornplexformatron. The cells were stimulated with:L6m ti:e mixture oi
lL -6‘ and IL6— RFP for 20 min (procedure 17). in tracedure c, lL -6 and ll. 6- PF?
were added simultaneouslyto the cells (without preincubation) for 20 min. in
procedures 61' and e, Hepfz‘? cells were stimulated with lLv—fi for 10 or 20 min,
respectively, and afterward treated with ll.—6—RFF‘ for 213 rriir1.E,-C-.;Manrfl l1. 6-
RFF’ or HF and lL—6—RFP were preincubated for 30 min at 37 °C at the molar
ratios indicated. HepG2 cells were stimulated with OSM or LlF or a mixture of
05M and M67? or HF and lLrfieRF-P for 20 min. Alter stirrrulatiorr, HepGZ
cells were lysed. :he lysates were analyzed by EDS-PAGE, Western hint, and
lmmunodetection with phospho-STAT3-~ or STAB—specific antibodies.
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BSA dim .
YFPJlsfi simmer

 

fluorescence detection

HGURE 2. Blue native PAGE; YFP-Ei.»-fi binds to the-RF? with a higher affinity than to sit-51%: or the
combination of SiL-fiflfli and sgpiBtj. To compare the concentrations of EL.--5-RFP (A), le—éRa (B), or the
combination of le—éRn and sgp130(C) sufficient to bind to YFP—IL-o, YFP-lL—6 was incubated with a 230.41
008- or 0.6“! 6-fold molar ratio 0 L—é—RFP for 30 min at room temperature. lo a parallel approach, ‘r’FP—lL-o was
mixed with a 10-, 2—, 0.4—, 008-, or 0.0l 6»'fold molar ratio of s.  

fiuonroents detectlm

Welter groan-.2332, We to

sliver staining,

sit-8&1 and soot 3Q! 'YFP«IL«E
{molar ratio}

YFF-lL~6, 24 ng

' entree—res; SIL—tSan sgp‘l 3:3)2

* YFP—lL—B dimer

4“ YFP—lL—S monomer

_ Rn or a i0—, 2-, 0.4—, 6.083 or 0,016»'fold molar

the wet gel was analyzed by a fluo—
rescence scanner, YFP—iL—ti was

readily detectable as two separate
bands (Fig. 2A, upper panel lanes ‘2
and 3);

Subsequently, the same gel was
silver-stained (Fig. 2A,

panel), At: the higher concentrar
tion (120 mg), the upper YFlLlL-{r
band is clearly Visible (Fig. 2A,
filled triangle, lane 2), whereas the
lower one is only weakly stained
(open trimrgle. lane 2) At the
lower concentration (24 ng) (Fig.
2A, lane 3), YEPJLé is hardly Vlé‘r
ible. Thus, the sensitivity of the
fluorescence detection t 'as similar

or even exceeded the sensitivity of
a silver stain. in lane 1, albumin

alone was loaded onto the gel. The
albumin monomer (65 kDa) is the

strongest band, but the dimer (130
cha), trimer (195 l<Da), and tet—
rai‘ner (260 l<Da) are also clearly
detectable These hands serve as

[0 we r

molecular mass markers, The cal—
culated molecular mass of Y??—

ll.«6 is 46 liDa. Therefore, the hand

between the albumin dimer (130

kDa) and the albumin monomer

(65 kDa) corresponds to a dimer of
YEP-lifts (92 kDaJ. whereas the

lower band represents the mono
mer (/16 him).

The addition of {Lo-REP to YEP—
lL—6 resulted in a marked shift of the

fluorescent band, wh‘ indicates

complex formation of Yll'll—llxé

with lL-GRPP (Fig. 2A, Zones 5’1— 6).
\We often observed that the band

 

ratio of the combination of 5lL-6Ror and sgpl30 and also incubated for 30 min at room temperature The
protein complexes were separated by blue native PAGE, and the fluorescent Y?
rescence detection. Subsequently, the poiyacrylamide gels were fixed and silver—s

the action of lL—Cr—RFP was not tolerated {procedures [17 and
e) lien—Kill" did not interfere with S'l’A'l'Ii activation

induced by Ll l7 or DSM (Fig. 115')
Analysis of the Interaction between Iii-6 and {Lui‘E-RFP by (5

Fluorescence Gel ShiflAssay~Although the bioactivity of IL—6—
REP has been analyzed in detail (Fig. l)- (3), the com )lex forma—
tion of lL»6»l{i-‘P and lift) has not been studied. in a recent

publication, we have shown that fusion of the yellow fluoresr
cent protein (YFP) to the N terminus ofiho does not affect its

hioactivity (26). The fluorescent cytolgine Y-FP‘IL‘é was
expressed in insect cells rid purified by affinity chromatogra
phy For stabilization of diluted solutions of ‘r’Fl’-lL~6, BSA was
added. Different amounts onFP—IL—é/BSA were loaded onto a

non—denaturing polyacrylan‘iide gradient gel, and elec trophore—
sis was performed under blue native PAGE conditions. \When

1242 JOURNAL OF :CriOiOG/CAL CHE/W5 my

75 was visualized by {lug shift was accompanied with a con—
.ined. sidernble increase in fluorescence

intensity: We attribute this plie—

nomenon to quenching or dequenching of the fluorescence,

  

dependent on varying local concentrations of Coornassie, salts,
and polyacwlnmide in the gradient gel. A EBA—fold molar excess of
ll err-r was sufficient to trap ‘YF’iLilrfi completely (lane 4)
Still at a 0.4— or ODS—told molar ratio oflL—(i—RFP over YFP-ILré,

a complex was formed. To achieve a complex formation
between sill-filler and YEP-lire, a 10- fold molar excess of le-

6Roz is required (Fig: 2}}, lane 8) The complex already disap»
pears at a Zerflold molar excess (Fig. 28, [one 9‘ compare with
lane 4). The combination of sllxoRoe and sgp {30 {Fig 2C)-
reqnired a 10—fold molar excess to completely hind Yl’l’ n.6,
whereas a 2-fold molar excess led to only a partial trapping of
YEP—lL—(a (Fig. 2A,. compare with lame 4L These results indicate
that ll_.v6«RFP binds ‘r’FP-IL~6 more efficiently than its soluble
receptors.
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FEGURE 3. Blue native PAGE; analysis of the stability of the complex
formed lay EL-fi—RFP and YFP—lL—é and the complex of YFPJLnfi-‘SEL—
6Rwsgp130 in the presence of urea. To allow complex formation, 24 ng of
YFP-H:6 were incubated with a 2-tbld molar surplus of
min at room temperature (A). i. a parallei approach (8:
(Slim (44 rig), and sgp‘ififl (74 rig) were mixed at a molar ratio of ’l
incubated at room temperature for 3‘ min to enable complex formation.
Thereafter, the indicated amounts of urea were added and incubated for
another 10 min at room temperature. After incubation, the protein com—
plexes were separated by blue native PAGE, and the fluorescent. YFP—lL—G was
Visualized by fluorescence detection. Subsequently, the polyacryiamide gel
was fixed and silverrsiained.

 
   
 
 

[1/6 Forms .2 More. Stab/fez Complex with [Luci—RH) than will}!
Its Soluble: Receptors—Three experiments were performed to

assess the stability of the complexes formed by lL—6 and lL—é—
RF? or 11.45 and its soluble receptors. In a first experiment, the

complexes were incubated in the prcse n cc of urea at; increasin '
concentrations. Although the complex of iL<6°lL-6—RPP is still

detectable in the presence of (a M urea (Fig. 3A,fiiled triangle),
only a faint band of the ll..«6-sll.«6l2rr-sgp130 complex. is visible
in the presence of '2. M urea (Fig. Fifi/tilled irimrgle‘). which (lis-~
appears at a. concentration of 4 M urea. lntcrestingly, with
increasing concentrations of urea, the band of the YFP—iL-o
monorr cr becomes more intense (Fig. 3), suggesting that urea
induces a dissociation of this YFll-llxo dimers into nan-n rncrs.

in a second approach, the complexes formed by YPll-iL-G
and lid/til??? or YEP/lisp and its soluble receptors were incu/

bated with varying amounts of unlabeled lL-6 for 2 h to do
mine the replacement of Yl-‘PlL-E) by iii-6., A iii-fold molar
excess of lL—é over YFP-ilgo was required to detect a replace
merit of YFP—IL—o in the complex of YFP—lL—6 and iL—(S—RPP
(Fig. LEA) The fluorescence intensity ofthe corriplex decreased
at a lflrfold molar excess of HAS over YFPJLEE (Fig. 4A,fillcd
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triangles), whereas the fluorescence of the YFP dimer became
more intense (open triangle). in the case of the receptor com—
plex formed by YFPnlL—G and its soluble receptors, lower
amounts of unlabeled lid-6 were sufficient to displace Yllll—llxé
(Fig. LLB). The fluorescence of the YFlLlL—o dimer increased

when lL—6 was added at a (11—fold molar ratio (Fig. 413, open
£rirrr1g!c).

in a complemcntary third approach, increasing amounts of
le~6Ra and sgplBQ were added to the complex formed by Y??—
lL~6 and lid-dill? (Fig. 4C]. Hardly any YlTP-iL-dsils—
éiRcrsgplS-O ternary complex was detectable after 2 h. Con—
versely, when Urn-REP was added to a preformed YFP-lL-v
6-slli-6Rrr‘sgp13t) ternary complex, the complex of YIFP-lh»
arse—arr was formed within 2 h at only a {Li/fold molar
concentration oflLdRFP over silrtilia and sgplEO (Fig. [1.0).
Thus, the cytokine is more efficiently trapped in complex ‘. 'ith
Ill->643}? than in complex: with the soluble receptors.

[Lo-REP Removes l‘H’JLéfipV/I the! Cell Szrigszrc Receptor
Complex—Next, we asked whether lL—é—REP, as a result of its

superior activity, would be able to rem (we liré from its receptor
on the plasma membrane. 'llhisrcfore. we transfccted COS-7

cells with an internalization-dcficient (id) mutant of gp130
fused to CF? (gplBCid—CFP‘ (26)) and analyzed living cells by
confocal laser scanning microscopy. As shown in Fig. 5A,
hesidcs endoplasmic reticulum and Golgi apparatus; the

plasma membrane oftransfected cells is clearly Visible in the CH)
channel resulting from surface expression of gpl.30id—(_IFP. After
the addition of YT? lro and sll.«6l{rr (COS-7 cells lack endoge—
nous ll.—»6Ro1), the fluorescent cytoldne 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 rncml)ranc (Fig. 5A, red rrmtmr
gins)- are depicted in Fig. 5B. Yli-‘llllxfi binding to gprBin—Cl-‘P
reached saturation within 50 min (lig. 5.8, lrgfl'jmneil.

in a second experiment (Fig. 5A, rigiztpamrl), a 10-fold molar
excess oflL—(S-RFP var YFP—lL—(a was added 21 min after YFP—

.lu"6./Slllx”6Rd stirr ulation when ‘r'Fl’~ll..-6 binding; was near sat-—
oration. The addition of ll.-v6-Rl"l’ resulted in a decrease of cell

surface staining of YFil—lL-ré, as shown in the image of the YFP
channel 49 min after stimulation. The corresponding fluores—
cence intensities of YFP and CF? in the int icated region of
interest: are presented in the right diagram of Fig. 513‘ After the
addition of lL»6~i3;l:l), the YFl’wlL-é fluorescence decreased,

whereas gplBilid~CFP fluorescence remained constant. The
decrease of the Will/CH) ratio at the plasma membrane indi—
cates that YFP- [Ufa is removed from the cell surface. “Within 25

min; the ll..-6~occupied receptors decreased by 50%. Thus. ll..~6»
RH) has the capacity to eliminate 1L6 from activated receptor
(3 )rnplexes at the cell surface.

Dctem-zimrtion of th: Aloirzmlrrr Mass of the YFP»!L~6°[L~6-
REP Con'zplcx by Gal Filtration—IL—{thl} was purified from
insect cell supernatants by affinity chromatography on 11:67»
Sepharose (Fig. 6A). in non-reducing SUE—PAGE, liL‘é/RFP
appears as a monorne c protein with an apparent molecular

mass of ~80 kDa (Fig. 6A, 1mm 2). W’e used a call rated gel
filtration column to determine the molecular masses of Y??—

are, {Lanna and the complex of YFP--ll.«o and lL—ELRFP.
YFPJLvé was detected by fluorescence spectroscopic analysis
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The Complex offal—6 and itudRFP
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G ‘r’f-‘P4L-tzrrii-d-Rt‘l3 D ’rFP—lL-fi

{molar ratio siL-SRq and {molar ralio
ASL}? HEB-312W;

{rm-MUSE liar-w? +

r,,,,,,”fln”,”,””,”,,‘¢,“q¢, o.”Hanna/"annu,
 

fluoresmnce
dSlSC‘Us‘Jh

HGURE 4. Blue native PAGE; competition of iL-5 with YFP~iL-5 trapped by iL—é-RFP or by SIL~6Ra and
sgp’lBGJl, YFP-EL-t} was incubated with a Z-iold molar surplus of mud-RF? for 30 min at room temperature to
allow complex formation. In a parallel approach (8), names was mixed with a 2rfolcl molar surplus of sibéRn

iq— (YFP—li.~6£ eiL-E‘Hm’ sgpt ESL»

‘ (reorientation?

~ {VFPJLSE Slbfifiixlx

'YF {3-an63 dimer

W’FPniLfs monomer

 

 
{YFF‘JLSI EleafiRn‘f sopflfi};
{VF Pwlliyfi’s‘ £13839“???

l<Da that most probably represents
the lL—r’s—RFP dimer. Also, some

higher molecular mass species were
detected.

Predncuhation of YFP—ll;<é with
a 2—fold molar excess of lL—é—RPP

resulted in a dramatic change in the

elution patterns (Fig. {1D}. The
whole population of ‘r’l‘lLlL—{i
eluted earlier from the column cor—

responding to a higher apparent
molecular mass. This finding iridi-~
cates that ‘1'}??‘llm*6 is completely
trapped in a complex with lLA6~

RFP. confirming the results
obtained by blue native PAGE, Rel«
eyant fractions were analyzed by
ELISA to detect iL~6—RPP (Fig, 6D,
blue line). All fractions that con—
tained the shifted ‘r’ltl’rllfé also

contained lL-(i-RFP. in addition, a

second pealt oi" lL—6~RFP devoid of
YFP—lL—{i appeared. This peak cor—

responds to the unliganded lL-—6—
RF? dimeri

The apparent molecular mass of
the YEP—,L—érlL—é—RFP complex

derived from gel filtration (Fig. 6D)
is 325 lrlh. lithe complex is lmilt up

according to the native hexarneric
receptor complex (consisting of two
molecules each of ills-6, ll.- 6R (r, and

gplifié) (16)), a tetrameric complex is
expected, consisting of two mole
cules of YPlLllfé and two mole—
cules of lL—6—RFP. The calculated

molecular mass for such a complex

is 2264 1623a. The discrepancy
between the observed and calcu—
lated values can be attributed to the

bulky architecture of the llré recep—
tor complex (16) as discussed below.

and 5gpi30i Subsequently, nonitagged |L76 was added at increasing concentrations (0:. 0.17, 3,] l": and
EGG-fold molar ratio over ‘i’FP—lL—é) and incubated for 2 h at room temperature. The protein complexes weae QESCUfiSlQN
separated by blue native PAGE, and the fluorescent YFP—IL—o was visualized by fluorescence detection. The 

 
 coritplexes VFW-IL»- !L-d-RFP (If; and ‘(F

min at molar ratios ”I, a l ."l or 1:10:10 (0). 3
(it, in and 10-fold molar excess ofsi'

 
 

of the collected fraction '. {Lo-RF? was quantified by ELISA
(3). YFPJL-(i alone eluted in two peaks from the gel filtration
column (Fig (SB). According to the retention times, these peaks
correspond to YFPJLG monomers (4:7 l<Da) and YFlLllré

dimers (94' kiiial This finding is in line with the two species
detected by blue native PAGE

The elution profile oflL—o—RFP is shown in Fig. 6C. interest—
ingly, no monomeric lL—ti—RFP could be detected. The major
portion of IL'EVRPP is found in a peak corresponding to 17-1}

1244 JOURNAL OF {Horne/cm CHE/W5 173V

" .»-6-sil:-6Ra-sgpl 3-?) (D) were preformed by incubation at 37 ”C for 30
bsequently. the complex YFP-lL-é'llgfi-RFP was incubated with a 0-,

Elite and sgpl 30 over ere-are for ‘2 h (C), and the complex YFP-IL-d‘sll:
éRa‘sgpi 30 was incubated with a 0,, Gil”. l Viola: molar ratio of lLrErRFP over the soluble receptors for 2 h (D).

According to the x—ray structure
of the soluble lL—6 receptor com—

plex. lL-6 signals through a hexam-v
eric complex consisting, of two in ol ,.
ecules each of lLeé, ILASRo', and

~c.3130 [16). The soluble receptors le-éRa and sgp 130 are pres«
ent in human blood in considerable concentrations (50 ng/ml
(128‘ 29) and 300 ng/rnl (7‘ 9), respectively). \li’e found that the
pairwise action of these soluble receptors blocks systemic Ill—6
responses (9). Based on this. observe “ ' '1, we designed a fusion
protein composed of the ligand binding domains of ll..-6Ra
(Pig. 714,192 and D3) 1 nd gp130 (DI—D3), which turned out to
he a highly potent inhibitor of lL—é (3) Such novel cytolcine
inhibitors are promising candidates for future drugs against
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- YePutt ~13
- 5i L-ERu

I3 min

+ YFPJM;
1‘ Sit-ERU
for 21 min

+‘ ‘I’FP—Ite
+ sit—61%
for =19 min

The Compiex silt-6 and lL—fiuRFP

moderately affected This cross-re—
activity of iL—6RFP can he
explained by lo‘ ' affinity binding of
ill7 to (ifliilaii is i); andiD3 oigpl 30
(31). i-iowever, at concentrations

of lL—é—RFT’ sufficient to trap lL—6
in a high iiiniity complex. the hi—

sion protein is a highly sps
iL—6 inhibitor, ihe law activity
of 11164215? toward 05M and LIE

is in line with the ineffective neu~

traiizatic-n of these cytoliines by
the fiili.-l"ngth soluble gpliii) {Di--
D6). A EGG/fold molar excess of

sgplSO over OSM resulted in 01113:
a marO‘inal inhibition (if 05M bit}
activity ‘

interestingly, in a long term
reporter gene assayI that mimics
IL'é bioactivity, a short delay of
ll. -6--Ri-'l? application is well toler—

ated ( ig. 1C) To inhibit the early

 
 

 

 

withers: EL63?? Rafi-RF? adders 21 min after
\‘FP-iL-x‘fif

activation of STATS111 response to
lL—é, iIG‘NEVEE', lL-—6«RFP has to be

SlL-SRQ stimutaaien , J , ,
neousiy the.added at least simult;

1D) These results show that a short

initial pilise of ST T3 aetiI.atieniS 

 

 

 {‘Iuorescenaeintensity   
-I- 3Mi.‘E'Fiu

FEGURE 5. Live celi imaging at remnvai 0f YFP-Ill.{Efrem the surface nfgp'i Said{FFtransfected reiis by
ceiis were transfe ted with 4 ,ug of pSVi-gpi30idC-FF, seeded onto coversiips, andInves-iL~6-RFP. A,- COS-7

tigated in an open cell cultivation chamber bycohrocal'laser scanning microscopy. Cellr
240 rig/ml YFP- IL-6 and 3 rig/'mi SlL-6R6. and pictures VIIeIe taken ever 4 mm overih
approach (right panefi. a 10fold molar excess 0: i:-6- RFF‘ was added to the cells 21 min after stimuiaiion T?e
region of interest used. for quantitative evaluationIn BIs marked in red. The ceils shown are represent "

A using the merribrane region of interest indicated
the CF? fluorescence is marked by blue triangles, whereas the curve repre-

 *1 approach. 5 quantitative evaluation of
in each 1) . .e.ail. curve showing
senting the YFP fluorescence is marked by orange squares.

  

chronic inflammation and autnirntrmrIe di-seases (l ‘1} There
fare, a characterization of their made of action is of consider—

able importance.

Because gp“3130 is the shared signaling recep“ator subunit ofthe
1L6type cytokines, specificity of 1L6REP is a criticalissue
On human ce'ls, OSMsignals throughaheterodirner cIf gp130

and the CéSlVlereceptor or a h rodimer ofgpl130 and the LIPr -(eptoril1 JFK) (30] Even a large excess of EL-é- RF? aver GEM
doesnnot inhibit OS‘vi activitvI -Fig 1, B and E), indicating that
the afiihity oi OSM to the gpiBO moiety of iL—6—REP is veryiow.
LiF sigriais through a heterodimer (if gp130 and the LlFR (230).
At a 60—fold molar excess of ILv6rRFP over Lliz, LiF activity is

x“
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not sufficient for a robust gene
induction luiit that the cytokine has
to act for a considerabie period of
time. This means that, for the treat—
ment ofa tii ‘ase with ii.-6-vi{itl’, the

inhibitor can block the biological
activity at ii_.-6 even when applied
after the cytoltine release. This is
further substantiated by the results
of our live celi imaging experiment.
il_.-6 bound to the cell surface is

removed from the receptor cumplex

 

 upon the addition of iL—6—RFP

were stimulated with (F' 5.).(‘eftpanell In a sec0nd 1%. ‘
The shift of Gi—‘P fusion proteins

J in native gels can be used to detect
 

protein—protein interactions (32)
\X"e combined the application of

electrophoresis,blue native gel
i'liitirescent fusion preteins. and advanced fluorescence gel
iinnaging to arInalvze the interacticIn of iL—(i—RFP with iL—6. YEP—
i. ,(4 was venerated hv fusion of the YF-i’ to the N terminus of

ii-6 i.11. 28 N- tcrrniri:1i amino ::1( ids 081. are not invnhred in

receptor binding (33‘. Therefore, fusion of‘rPP to the N termi»
11us of ii.6 does 11 affect 1L6 hioactivity (26;. indeed. the
interaction of YEP-11:6 with Ila/641?? could be VlSLi lizeci bya
dramatic sh’ft of the Share cent hmiCl (P01g. “ILAA -f£)ld.-. molar
excess OfllL—6~Ri:i) over YEP-1L6is stirficieht to compieteiy
trap YEP~iL<61n a high molecular mass complex in these
fluorescence gel shift assays. the separate soiinbie receptor
proteins le—6RL¥ anii sgpl 30 are oflnwer activitv W hithis‘11

I.
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The Cempiex NIL—6 and iLu6~RFP
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FiGURE ‘7. Prepnsed assembiy 3! the iL-fi-EL-fix-RFP complex in anaiegy to
the hexameric EL—é receptor compiex, Individual domains of gpiBO and
lL—6Ra are shown in blue and green, respectively. Black bars mark the con-
served WSMNS moti DB do" ins, and black lines depict conserved disuie
Tide bonds in D2 do. 2. The Einker is shown as a black fine. interactions are
designated as proposed by Boulanger er 01'. (1-5), Monomeric ll_~6-RFP (A)
forms a dimer (B) through site Ilb and lllb interactions, For clarity, in the com-
plexofii:-5-RFP and ELv-fi (C), oniyfive Ofthe ten interactions are marked, in the
complex, each of the marked interactions occurs twice.

  
 

E5
‘E
E‘n
E:H

£751
7

‘<
(70s:(1m_.
O:2L1
E'~<,—
.05
Ix)OH
on

linewith their lower potential t0 inhibit: {14"6 (3) The ranking
of efficiency in trapping 11/6 is; iL-é-vRi-P Z> siL-éfltt/
sgplBU > 51L»6Rcr > sgplEU. Sgplfii) alone has no. detecta—
ble affinity to 1L6 (not shown). The superior activity of 1L6—
RFP is also reflected in the increased stability of the YFP'IL"

~riJ-v6-RFP complex toward denaturatiori by urea, the low rate
of replacement onFP-JILE‘L by non—tagged Hrfi, the resistance

 

 

 analyzed on a c ibrated Superdex 200 i6/60 color ilmoiecular ma ange
iii—600 kDa) at a flow rate of ‘: ml/min. 3 m‘ fractions were coiiected and

ectroscopy m ring the YFP emission at 525
\

Tableawéeve‘wefi. a analyzed by fluorescen  
 

 E} 25 4,»; w 80 «3% nm, C, :1. 3-RFP (177 Hg) was analyzed by gei filtration on the same column.
{3,118 {mm 3-ml fractions were analyze-Li by SA. D, to enable complex formation, ‘Y'FP-“ ‘ ll,—5(S.7 ughilasincubateci with ll: -RFEr art a 2—led” olai‘ surpius (1 7.7 pg) for

 
 

FEGURE 6‘ Superdex gei fifltra‘tian of YFP~§L~5 and the campiex of YFP-EL— 30 min at room temperatureThe compiex was an
Evil. fi—RFP. A, 25 pl of supernatant of bawloviru
tai _
were separated by 5"
the gel was silver—Sta

zed by gel fiitratiorLTlie
'—infected insect cells con— 3»ml fractions were analyzed by fluorescence spectroscopy to detect ‘r’FP—lL-o

q ~ 25 rig of iLeéeFiF-P (iane 1‘) or 25 ng of purified iL767RFP in PBS (larreZl and by an ELESA to determine the concentrations of lLe6eRF-P‘ All molecular

 
 

 
 PAGE under non-reducing conditions, Subsequently, masses were calculated using a regression curve based on the separation ofa
ined. M, marker proteins. 3, 57' pg of YFP-lLv-G were known protein standard mixture.
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of the ‘r’EPdL—é‘TL—é-RFP complex toward an excess of the sol»

uble receptor proteins (Figs. 3
receptonbound YEP—liar} from receptor c1111 plexes at the

plasma 11113111brane by lL—{i-RT‘E (Tip. 5)
ln blue native EASE, the mobility of the complex 0111131111.

and TL6— REP is lower than the mobility of the albumin tet—
  
1 1er (26C! l<1)a) (Ffig‘ 24). From a plot of the logar in of
molecular masses oi the BSA 11111lti1ners 1/1rws the relative

migration distances (Rf, not shown), we calculated 211-. apparent
molecular mass of “—290 kDa for the complex of Yl-TLTLb and
lL—r‘i—RFP W”e performed gel filtration with a calibrated column
(Fig 6) to corroborate the molecular.-1asses determined by
blue native FAGE. Gel filtration coni‘irniedtthe observation

made by blue native T’AGE \lv’e found thatpreprait0115 of ‘1' El)
lL-6 consist of a monomeric and a dimeric species (Fig. 65).
Dimerization of YFPJL-6 is not. :aused by the YEP moiety,
because YT-‘l? appears as a n10non1er in native PAGE (not
shown). Thus, dimerization of the fusion protein is attributed

to the known property ofrecornbinant lL—r‘i to form dimers. The
metastable ll.~6 dimer has been described to dissociate in. the

presence of urea with a midpoint of dissociation at 3 M urea (34).

The behavior of YElLlL-ré in our gel shift assays is in agreement
with the biophysical investigations on the lL—6 dimer. The

ohility of the ll.«6-lL«6—RFT’ complex. does not change under
1:01“.ditions that' lead to dissociation of the YEP—lbé dimer (Fig.

3) indicating that TL{1- lePis largely complexed with mono»
me1iccYEl’—lL—6. This observation is in line with the fact that

.6 ‘ 1' ' i ' 2:2 .1.‘11‘ . i)! '1 1'1.'f‘. 7ll 1' dimermes by unterxt‘ors )r the g PU bi "1111‘ sites oi
two ll. .-~6 mole:ul 1331’.24). 1 nese sites are occupied upon binding,
of lL-o6to TL6REP (Pig

Unexpectedly. unligai“idecl IL—Ea—RFT’ elutes from the gel fil—
tration column 111th a retention Elline corresMinding to a
dimeric protein. 8gp 1301 as well as sl L~6 Roz are monomeric pro »
t ‘ :2 that interact in. the pr1esen :13 oi lL-{i(35). H 1) 'ever, in the

xuray structure of the hexameric IL~6 receptor complex (16)
four contacts between IL—6Rer and gplSO were identified. Pos—
sibly, "1‘. the dirnei‘ic lL—dRFP, these contacts are partially star
hilfized by the covalent linkage of the corresponding lL—bltoz and
gp 130a domains leading to the formation of an 11-11.12.113 dimer
in the absence oflL—é (Fig. IE).

itwe assume a preformed HAS—REP dimer as depicted in Fig.
715‘, lL-vé fits; well into this assembly, leading to a complex of llxé
and lL—GREP built up in analogy to the hexaineric lL-{a receptor

complex (Fig 7C) The apparent 1nolecular1masses determined
by gel filtration (325iDa) and blue native FAG (2911) klhi) are
higher than the calculated molecular mass (264 l<l)a) of the
(ll:(3)2‘Tll.~6-i{l5l’)2 complex. l-lowever, the complex depicted

in Fig 7C lab0‘: a highly compact structure but rather extended,
cor.11131 ising a real cavity between the two TL6 1n:)lr‘c11Ls This
arch1tactor13 might ex:plain theincreased apparent m ol.ec1.1..r
mass. A similar deviation between calculated and apparent

molecular masses has also been observed in annalysis of the
soluble 11:6 re eptor complex by gel filtration and analytical
ultracentrifng; tion (.35)

Taken together ouranalysis by blue native PAGE and geel
filtration suggests that the IL(LIL—6REP complexis built up 1
close analogy to the soluble extracellular hexarneric TL—é recep—
tor complex. The latter complex is held together by 10 pr otein~
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and 4), and the elimination of

The Cemplex silt-6 and 111—6111;?

protein interactions (twice the sites of] Ila, lib, Tile, and lilb)

(Fig'7 C)The supe1ior stability ofthe lL’6lL—é—R‘EP complex1.1
:omparison with1a si111ilar complex built. up by 1146.111116th
:nd 511111311is caused by the stabilization of these1n.13racti 11s
through a covalent linkage of the ligand binding domains of
le—6Rcr and sgp 13") Thus, a molecular basis is provided for the
high specil’ nd superior ailinfity OTTL6.REPi:.corn1,)
to other ll-6 inhibitors. lherefore th13i113io1‘10Tligai“1d bindiil11g
domains of heteromeric cytokine receptors is a promising
approach for novel anticytoldne therapies.

 :4 
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Espacenet — Bibliographic data Page 1 of 1

 
Espaeanei

Elhllagraphie data: KR201 ’lfifltlTl79 {A} w fifi‘l‘lufifinflfi

New oxazeliain and indale campaunds, process for the preparation thereof anti
pharmaceutical oempesition comprising the same

|nventor(s):

Applicant(s):

Classification: - international: A61K31/404; A61P29/GO; (2370209126
- cooperative:

Application number: KR20110035774 20110418 Global Dessler

Priority number(s): KR20110035774 20110418

Also published as: KR101133759 gB‘i‘l

Abstrae‘i: 33f KR2311804?1?§ {A}

PURPOSE: A pharmaceutical composilion oonlainlng novel oxazolirline and indoie
compound, or pharmaceiiiieaily acceptable salt is provide-cl to suppress iL~6 or lL~‘i ‘l
signal transduction syslen’e and lo be used as an anlicanser ageni and anti»
inflammatory agent: CONSTETUTEQN: An indele eempeund is Clenoied by chemical
formula 1: A pharmaceuiioal composition for prevenling and irealing lnilammalow
diseases or cancer mntalns 00001—113 weighiif’o ef indeie cempeund alchemical

formula 1 or pharmaseulisally asseplabls sail. The ssmposliion is manufactured in the
formulation of pewciers, granules, lablels, capsules, suspensions, emulsions. syrups,
suppository, and exoipleni: The phennaeeuiieal composition is adminislsred by erel,
rectal or venous: muscular= subcutaneous or lntracerebrovenirloular injection.
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Eligélljr. (Taga et ali, J. Exp. Med. (1987) 166, 967). CRISP} 5f%fll%9q 7Q? fir, Allfiqoll/‘Jlé Janus
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017913 SHZLl 51% 09990199 7319,} Emaphosphotyrosine binding motif}: 71211: 21: 317113 (signal
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(homo) BEE fillElliElOlu‘ltheterodimer)%' Ol—Er 5?— 3ll(nnclens) llli €017} 55;” 1‘?ijle (Ll/fl Hog

(recognition scquencc)°ll Eil’fil'fi fl*l(transcription)% %7lfll7‘ltl (Levy, D.E., %, Nat Rev Mol Cell
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H3 135,173.91 41.0,? ‘3'." Kit} (CatlcttiFalconc, R. %, Immunity, 1999, 10, 105*

% 919,33 Ras all 95H wC’rF—F’l‘f Cl 334:7le 01,731,213; IVS/7} %Hl§li, llfifi

Xil/l 39,324 Raso‘l 9W} E93119 @7919} éfixflrfllfiol ‘fifllg HE Olllfil EOJ—gl fi7l7l ’Qiyéol 1974991

Til (Brooke Ancrile %, Gene & Development, 2007, 21, 17144719}, 51%} EGFROl flow fil fi‘flWlung

adenocarcinomanl/H ILi67l fil‘ilfilkggi/H STAT37l Q’glilkéol El’axltflfi ILib‘Oll P/lfGl: gplBO/JAK/STATB 75'

i7} "él’otlilf—Loll Elol/H Alli-1?: Elfllili 31—431 2111} (Sizhi Paul Gao %, J. Clini Invest. 2007, 117,
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Frog fl’d’é 331i%, :LLBS, 3072903, 46, fiifi 5114? 9%? Lilitt‘é El ?al*:6l°lrfl% Egg—ah} Ol‘i‘ll
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00000000000000m

1b005000flflfl51m0@,%mmL1mwflEfigflaqgm?§fl(0%mL50mm,mg3mfi4fl

OIWHEOPE’ELOIEEELEEPIE %°—‘1% (440mg. 501111110 . 0.93 80) E/P’EYI-OEI 7013?: 48/42} 31131 Eifltlr. 10l%o]

%€%3fl%Tm§.§fla§Q.Efirfl%%©l%fl*%7

WMflQMH§-flflfifi<%fl%

09‘00002bM4mm0:fl%Q.00%8V1%ififiéd

lHiNMR (CDC13. 500 MHZ) 5 9.52 (1H, s, *CHO), 6.23 (1H, s, *C:CHuH[3). 5.94 (1H, s. *C:CHuH{3), 2.78

(1H, m, *CH(CH3)Z), 1.07 (6H, d, J = 6.8HZ, *CH(CH3)Z)

2411100600091 maze)

0710 000 100 07 00610 :00 0210021 2c <44 62100 «0210.

lHiNMR (CDC13, 500 MHZ) 5 9.53 (1H. s *CHO). 6.24 (1H. s *C:CH(1H[3). 5.98 (1H. s *C:CHuH[3), 2.23

(2H, t, f = 7.3 HZ, *CHZCHZCHZCHg), 1354.30 (4H, m, *CHZCHZCHZCHS), 0.90 (3H, t, J = 7.3HZ,

CHZCHZCHZCHg)

fi’0; ME 00 10 1:ML 12 00 0(2(1)

0710 060%: 000 010810 0000 02100.0 2d(44*62%)-§ 002.10.

lHiNMR (CDCI3, 500 MHZ) 5 9.52 (1H, s, *CHO), 6.23 (1H, s, *C=CH01HB), 5.97(1H. s, *C=CH(1H[3), 2.21
(2H, L, J : 7.8HZ, *CHZCHZCHZCHZCng), 1.31*1.25 (6H, m. *CHZCHZCHgCflzCHQ. 0.87 (3H, L, J : 6.8HZ.

’CHQCHQCchHchfi)

$W§fl%fl%flfliwa

0/19 0°00 000 4000} 10001 01010209} 20(65%)% 005210.

lHiNMR (CDC13, 500 MHZ) 6 9.52 (1H. S, *CHO), 6.23 (1H. s, ’C=CHG.HI3>, 5.97 (1H, s. *C=CH01H13), 2.21

(2H, t, .7 = 7,8HZ, *CHZCHZCHZCHZCHZCHS), 1.314.25 (8H, m, *CHZCHQCHZCHZCHZCHg), 0.87 (3H, t, f = 6.8HZ,

CHZCHZCHZCIIZCH2CH3)

Qflfl~E01€H£0Mfiflfibfihfl00%QQZHM%MKE%%W.

lHiNMR (CDC13, 500 MHZ) 6 9.53 (1H, s, *CHO), 6.24 (1H, s, *C=CH11H[3), 5.98 (1H, s, *C=CH[1H[3), 2.22
(2H, L, J: 7.3 HZ, *CH2(CH2)4CH2CH3). 1.43 (2H, m. *CH2(CH2)4CH2CH3). 1.18*1.30 (8H, m, *CH2(CH2)4CHZCH3).

0.87 (3H, t, J: 6.8HZ, ’CH2(CH7)4CH7,CH3).

2000030012] 00132.9

QWL1%%§*W&%4%fifibfibflfifliéflZgwmfiififlq.
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lH*NMR (CDC13, 500 MHZ) 6 9.56 (1H, s, *CHO), 7.25*7.10 (5H, m, AriH), 6.05 (1H. s, *(FCHQHIS). 6.01

(1H, s *C:CH (1H8), 3.50 (2H, s AF’CH2C:CHQ).

«E12101 2>

,1. ‘1‘
.1 “1‘1

 
(S)-3-((2$,SS)-3-‘5]-°]E31‘] -2 4-51Vfl%¥flE—4— °fli?—__1)-4-°]£:Ei€—°-l~l—§fi‘3-2-8—94 21154448

11°13iidlkfl. (1 1 1110011 %%H1171 (R)*(+)4*°1°1ifiifiéi3ifiifl’“727%11275211‘11: 3a (100 mg, 0.541

mmol, leq)O 01°T201141 51”“ 4171. 5r, 1M 51°1aii‘111E1011 A§5HQ°1X1 9.11:5 5101113 Fill—1% Ea%i§“fl1fl’

1531111 01121 596, 0.596 1111116121 L1o1o1o15:15:»1011E101u1 (90 6 0 65011111101 1.2eq>% 15.18] 346101 11% 53

201111 501:7 EDJ 1111181934. BMW 111° 3E?%% 0101 18 £01174 103 $411 1117111751 $, ‘31‘013ii1111‘i1

(0.70 [HUGH %3H/\]Zl “11510131,:326 2a (59.0 , 0.704 11111101)% 036]- 78C011H 3005': %?_1’ E1fi’c‘fl-9ifjr. :L [1%

14"] 013 472°11‘1 183131 417131;7 12‘171' 31—13135} :15: 9117 0 F4403110113 (11), ”filié (1.1 m1), 30"1WtC31— L m

51o1ua711111ia1o15¢rg~w0 6 m1) 11111.1%(1.1 m % 63/11/1111? EM 9.111214%

01114 1247} E1 WHIAVITU QUIEEEUH E} 3%

§§fio19 T~5°11°i M101% 1, ‘51? “1111711111? L

agaiu1ize11fi1 (18 111 n 511:1: c11E1o1/11EHO1E) 611:4 514%

49%)% $19.15}.

21111 :11? 11715101

 

lHiNMR (CDClg, 500 MHZ) 5 5.12 (1H, s, *C=CH(1HB}, 4.97 (1H, s, *C=CHuHB), 4.48 (1H, m, ’OCHQHB

CHN), 4.40 (1H, brs, CH(0H)), 4.30 (1H, dd, J = 17.1, 8.3 HZ, OCHaHISCHN), 4.22 (1H, dd, J = 9.3,

2.9 HZ, *OCHuHBCHN), 3.97 (1H, dq, J: 7.3, 2.9 HZ, *CH(CH3)CH(OH)*), 3.11 (1H, brs, J: 2.4 Hz,

*0H), 2.39*2.32 (1H, m, *CH(CH3)2), 1.72 (s. 3H, *C(=CH)CH3). 1.18 (3H, d, J: 6.8HZ, *CH(CH3)CH(OH)*),

0.92 (3H, d, J: 6.8HZ, *CH(CH3)2), 0.89 (3H, d, J: 6.8HZ, *CH(CH3)2).

(S)-3-((25,3S)-3-5‘}°1E%}~1-2,5-5011]a-4-“flafifl‘i‘AHr—‘Q)-4-°1£§:Ei%%/~1%31El-Z—v391 2115441))

51715 50216.1 11111 2* 1111315 .M 012115214 4b (43162 01w

lHiNMR (CDCIS, 500 MHZ) 5 5.19 (1H, s, *(kCHuHB), 5.04 (1H, s, *C:CHuH{3), 4.48 (1H, 111, *OCHuHB

CHN), 4/16 (1H, brs, *CH(OH)), 4.30 (1H, dd, J = 17.1, 8.3 HZ, *OCHQHBCHN), 4.22 (1H, dd, J = 9.2,

2.9 HZ, OCHQHBCHN), 3.96 (1H, dq, J = 6.8, 2.9 HZ, CH(CI[31CH(0H) 1, 3.08 (1H, brs, 0H), 2.38 2.32
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(1H, m, *CH(CH3)2), 2.18-2.13 (1H, m, -C(=CH)CH(CH3)2), 1.19 (3H, d, J: 6.8Hz, *CH(CH3)CH(0H)*), 1.09

(31-1, d, J: 6.3 Hz, -C(=C1-1)CI-1(CH3)Z), 105 (31-1, d, ./= 6.8112, -C(=C1-1)C1-1(CH3)Z), 093 (31-1, d, .7: 6.8112,

C11(CH3)2), 0.89 (311, d, J= 7.3112, C11(CH3)2).

(s)—3—( (25 , ss)—3—€POIE%1~1—2—U11 9—4—91] 9 91%E1E9 )-4-°1iEi€-—91-1~1-§E1 91—2—82] 211E410

27154 “"9531 “391% 01-3 3101 :fli". fiflé’ié‘ffl 4c (16%)”;- $39,151.

*7
1H-NMR (CDC13, 500 MHZ) 6 5.16 (1H, s, -C=CH01HB), 4.97 (1H, 3, -C=CH(1HB), 4.46 (1H, m, ’OCHQHB

CIIN), 4.41 (111, hrs, CH(011)), 4.28 (111, dd, J = 17.6, 9.2 Hz, OCHCLHBCHN), 4.22 (111, dd, J = 9.3,

2.9 Hz, *0C1-IQH13CHN), 3.95 (11-1, dq, J = 6.8, 2.9 HZ, *CH(CH3)CH(01-l)-1, 3.13 (11-1, brs, *0H), 2.38-2.33

(1H, m, *CH(CH3)2), 1.98 (2H, m, -C(=CH)CH2CH2CH2CH3), 1.46-1.40 (2H, m, -C(=CH)CH2CH2CH2CH3), 1.35-1.23

(2H, m. -C(:CH)CH2CH2CHZCH3>, 1.17 (3H, d, J : 6.8Hz, *CH(CH3)CH(OH)*), 0.91 (3H, d, J : 6.8Hz.

*CH(CH3)2>, 0.87 (3H, d, J : 7.3Hz, *CH(CH3)2), 0.86 (3H, d, J: 7.3Hz, *CH(CH3)2), 0.85 (3H, t, J :

5 . 6H2 , -C(_ =CH)CH2CH2CH2CH3) .

(s)-3-( (25 , amass-210152417241] la-LL-ufl a911‘:th )74io]¢£§%%1~1%fl 1472439] 2113440

87194 131°21‘33- “&L§% 01-3-51C4 328%” 9311-31994 4d (84%)% “£214.

lH-NMR (CDC13, 500 MHz 6 5.18 (1H, s, ’C:CHLLHI3>, 4.99 (1H. s, *C:CHuH{3}, 4.50-4.47 (1H, m, *OCHuH

BCHN), 4.42 (1H, brs, -CH(01-1)), 4.28 (11-1, dd, J: 17.4, 9.0 Hz, -0C1-101HBC1-1N), 4.22 (11-1, dd, J: 9.3,

2.9 Hz, -OCH0H11CHN), 3.95 (1H, dq, J: 7.3, 2.9 Hz, -CH(CH3)CH(OH)-). 3.15 (1H, brs, -OH), 2.39233

(1H, m, -CH(CH3)2), 2.04490 (2H. m. -C(:CH)CH2CH2CHZCHZCH3), 1.49143 (2H, m, -C(:CH)CH2CHZCHZCHZCH3>.

1.34-1.28 (4H, m, -C(:CH)CH2CH2CH7CHZCH3), 1.18 (3H, d, J : 7.3Hz, -CH(CH3)CH(OH)-), 0.93 (3H, d, J :

7.1 Hz, *CH(CH3)2), 0.88 (3H, d, J = 7.1 Hz, -CH(CH3)2), 0.88 (3H, t, J = 5.4 Hz,

-C(=CH)CH2CHZCHZCHZCH3) .

(s)—3—( (23 , 39—3—61015541—2—91 9—4—91] 9 1111917159 )-4-°1£:Ei3§:—%1~1§E1 21—2—89] 211549

87M 509% "8-9 9- 4186191 x934“ 971182491 4e (87%); @9191.

lH-NMR (1:91:13, 500 MHz) 8 5.18 (1H, -C:CH(1H[3), 4.99 (1H, -C:CHuH[3), 45074.47 (1H, 111, -OCH(1

HBCHN), 4.42 (11-1, hrs, *CH(01-1)), 4.28 (11-1, dd, J = 17.4, 9.0 1-12, ’OCHQHBCHN), 4.22 (11-1, dd, J =

9.3, 2.9 Hz, *OCHaHpCHN), 3.95 (1H, dq, J= 7.3, 2.9 HZ, *CH(CH3)CH(OH)*), 3.15 (1H, brs, *OH), 2.39-

2.33 (1H, m, -CH(CH3)2), 2.047190 (2H, m, -C(:CH>CH2CHZCHZCH2CHZCH3), 14971.43 (2H, m,

-C(:CH)CH9CH2CH2CH2CH2CH3), 1.34-1.28 (6H, m, -C(:CHDCH2CH2CH2CH2CH2CH3), 1.18 (3H, d, J : 7.3Hz,

-CH(CH3)CH(OH)-), 0.93 (3H, d, J: 7.1 Hz, *CH(CH3)2), 0.88 (3H, d, J: 7.1 Hz, *CH(CH3)2), 0.88 13H, 1,

J = 5.4 Hz, -C(=CH)CH2CHZCH2CHZCHZCH3).

(s)—3—( (25, 35)—3-31°1E%}~1-2-“11 @4411] a val—3:11 71-12% )—4—°I fiEi%%-7\1%31 E—2—%91 x1] 5&(41)

8719 5963 19-3 97 418-19 :99 042192921 4f 141119 991:1.
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[0124}

[0125}

[0126]

[0127]

[0128}

[0129

[0130}

10131}

j<53H §51 10-2011-0047179

lHiNMH (CDClg, 400 MHZ) 6 5.18 (1H, s, ’C=CH(1H[5), 4.99 (1H, s, ’C=CHC1H15), 4.50*4.46 (1H, m, ’OCHO.

HBCHN), 4.42 (1H, brs, *CH(OH)), 4.30 (1H, dd, J: 17.4, 9.1 HZ, ’OCHCLHBCHN), 4.23 (1H, dd. J: 9.1,

3.1 HZ, ’OCHQHBCHN), 3.95 (1H, dq, J: 7.1, 2.8 HZ, *CH(CH3)CH(OH)*), 3.12 (1H, hrs, *OH), 2.37*2.33

(1H, m, *CH(CH3)2), 1.95 (2H, m, *C(=CH)CH2(CH2)5CH3), 1,194.26 (10H, m, *C(=CH)CH2(CH2)5CH3), 1.18 (3H,

d, J = 7.1 HZ, CII(CH3)CH(OH) ), 0.93 (3H, d, J = 7.0 HZ, CII(CH3)2), 0.89 (3H, d, J = 6.72 HZ,

*CH(CH3)2), 0.86 (3H, t, J = 5.8 HZ, *C(=CH)CH2(CH2)5CH3).

(s)—3—( (25 , ss)—4—H.fl7é—3—%1°1 55111—2411 a flE-4—fi1i%)-4-°1iEEE%/~1%fl 91—2—4521 1115(4g)

”217154 15%??? “(193% ”185101 i134". 981%?4Q 4g(72%)—§ $19131.

lHiNMR (CDClg, 500 MHZ) I 8 7.28 1 5H, m, AriH), 5.33 (1H, s, *C=CH(1H13), 4.98 (1H, s, *C=CH(1H13),

4.42*4.41 (1H, m, ’OCHQHBCHN), 4.39 (1H, d, J=3.3HZ, *CH(0H)), 4.25 (1H, dd, J=9.0,8.3HZ, ’OCHQHB

CHN), 4.19 ('1H,dd,J=9.0,3.2HZ,*OCHaHpCHN), 4.01 (3H, dq, J=7.1,3.0HZ, *CH(CH3)CH(OH)*), 3.44 (1H, d,

J=15.4HZ, *C(=CH)CHquPh), 3.30 (1H, d, J=15.4HZ, *C(=CH)CH0H1;Ph), 3.14 (1H, brs, *OH) ,2.35*2.29

(1H, m, *CH(CH3)2), 1.22 (3H. d, J:7.1HZ. *CH(CH3)CH(OH)*). 0.91(3H, d, 1:7.1HZ,’CH<CH3)2), 0.87 (3H, d,

J:6.8HZ, *CH(CH3)2).

 

«94°11 3>

f} a

Mu" ' . ' 1 CHE 11481630ij, 0113?sz.3‘ m + . . . . .. ‘

1—8’ L 1. (214014718 5c:
32:: 211- 41:;

awaiifil'fi (1.5 m1)<>11 %3H%1'7J, (R)*(+>470101izigfiiiiflé—izifigMIE—a1:11L: 3a (100 mg, 0.541

mmol. 1 eq)% 9%??n01161 901121 AIi] $, 1M t1ol§i§m11i1011 %6HEIOM 9,15 L1°1¥§fi§ Edl§iiv111§1

’QfllflclE (596 , 0.596 mm0)91 E1010101i3§4211911§01fl (90.6 , 0.650 mmol, 1.2 eq) g7 23256] 1471723104

7:1% 539.0116] 50% 1511 1111—5191:}. 111116111 351% §.§%% 03a 78°C 01161 10% 5‘11 131116111 3?, E101—:-

iiufl‘a’ (0.70 m1)°11 $596111 176x101§§i1191 flaggqaom 2h (92.25, 0.81 mm01)% 033178’C0117x1 305}

15191 171561329. 1 E172: um $843289 3.1121 A111 fir 16141 1591 313191 $, pH 7.0 $531101: (1.9

m1), L11%% (1.1 ml), 30%wt fi}o1:i7flfll%&101i#%°4 (0.6 m1), ”11131—51111 m1)% flaw: 147}qu 111%

% x31161419. cw 9%4501161 M111 E1 31111614 # E1°1§1iiv11€131 %% 9101 996101, 571%% €44

61%1‘1. 541751 %/1%% i‘fi’sfnfldi $43912: 9014:: 5, ‘51? 51539411152: EZMWIE, 55* ii

E1. @0111 43161:: ”51971731 agaiufinw ('18 % n784112011a<>11~19101§>8101 %§% Fflfli 215.6171

3:7?3’41 @3113‘23 4h 22.3 mg 14.8 70% $533.15}.

lH*NMH (CDCIS, 500 MHZ) 8 5.81 (1H, t, J = 3. 4 HZ ,Cyclo = (CH2)), 4.50*4.4‘7 (1H, m, ’OCHQHBCHN),

4.42 (1H, brs, *CH(OH)), 4.28 (1H, dd, J: 17.4, 9.0 HZ, *OCHuHBCHN), 4.22 (1H. dd, J: 9.3, 2.9 HZ,

*OCHQHBCHN), 3.95 (1H, dq, J: 7,3, 2.9 Hz, *CHKCH3)CH(0H)*), 2.93 (1H, brs, *OH), 2.40*2.33 (1H, m,

CH(CHs)2), 2.07 2.05 (2H, m, Cyclo1CH2)), 1.927 (211, t, J= 17.60 HZ, CyclofiCHfl), 1.67 1.55 (4H, m,

’CYCIO(CH2CH2), 1.18 (3H, d, J = 7.3 HZ, *CH(CH3)CH(0H)*), 0.93 (3H, d, J = 7.1 HZ, *CH(CH3)2), 0.88
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[01321

[01331

[01341

1013 U1 1....

[0136}

[01371

[01381

E‘S—JH §51 10-2011-0047179

(3H, d, J: 7.1 Hz, ECH(CH3)2).

 

«El/11°11 4>

ii ‘1? E1 ,0 CH
0‘ ' 11% 1. MJ'LEHD 11531141301117.0111154 . OANJYWxxA/E

1” .E‘”

311 LREEVzi7111) 3.11 5

11017212351131 (2 .0 1111)°11 E11417J. (R)E(E)4E0]—O]ZhEEF‘E‘E3EEE—J’1EEEZ7414135211711: 3b (100 mg, 0.541

mmoLT 1 eq>E96E21EE01141 E1111 417.1 E. 111E1°1EEEE11EJ°11 1251130171 5:1: 0111'EEE EaEEEEIEJ.596 1111110)91— [101010153133‘0115101131 (90. 6 , 0.6501,1111101 1.2 130) % d€51 24/161051

7:19. E: 141650E 51:1 41111013171. EEJ 417’J {1% EEE"? 0.181 78°C°1V1 10E ECL1 11171417J E. E101E
EE7111E (0.70 1111101 E61117J 27711EEEJE 2d (68.14 , 1.07 mowE 0.161 781301174 30E EOJ 111161925.

1 r1: r1:1:13¢3.a1171 131101 A17J E17171 5701 EEE E10117 0 3:17:1101E (011 m1), U1EJE (0.2m E7J1E11E41101EEE°41<02 m1). E11151E<02 mnE 71E11E11E 71710101111%E4171417JE1.

7J F1 E111417J E r1<>1EEEU11EJE1 EE 1E°1 EE E1E1. 1171EE EE1

 

EE EEEE‘EENE E4012: 7:1 E E, EE 7.141u1m11E
E?

0 Z:

”a 1717.11. EEJEWEJEHE ( 5 '71 11754111011901/111111 01E101<4 EEE EE1E1

lHENMR (CDC13, 500 MHZ) 6 5.18 (1H, 9., EC=CH01HI3), 4.99 (1H, s, EC=CH01H13), 4.50E4.47 (1H, m, EOCHa

IIBCIIN). 4.42 (1H, brs, CH(0H)). 4.281111, dd, J= 17.4,9.0 Hz, OCHQHBCIIN], 4.22 (11], dd J= 9.3,

2.9 Hz, EOCHquCHN). 3.95 (1H. dq, J: 7.3, 2.9 Hz. ECH(CH3)CH(0H)E). 3.15 (1H, brs, EOH). 2. 392.33

2.)(1H, 111, ECH(CH3)2), 2.04E1.90 (2H. 111. ECIECH)CH2CH2CH2CH7CH3), 1.49E1.43 (2H, 111, EC(:CH)CHgCH2CH2CHgCH

1.34E1.28 (4H, m, EC(=CH)CHZCH2CH2CH2CH3), 1.18 (3H, d, J = 7.3Hz, ECH(CH3)CH(OH)E), 0.93 (3H, d, J =

7.1117, ECHKCHsb). 0.88 (3H, d, f=7.1Hz,ECH(CH3)2), 0.88 {3H, 1, J: 5.4 Hz, EC(=CH)CH2CHZCH2CH2CH3).

  

 

“”1111 5>

O : ’3 '

:1 11. - .11 fif‘ , - .11. 11 fl”4 ...
1:1 :11” '1 +- 0.; N ‘7 11/ ‘7 1 ~22 11' ‘T T V"1..."; 7 , T. : ' 51‘ . .

J} x ‘1»
P11 .43 ,2. J. 3P1“? P11", . CH0

~67 Ea. £9; '17). 71;

QME-iiufl‘a' (1.5 m1)011 £04511 4121, (R) EE4 EflflEEE3Ei4o‘éE9EM‘1-E‘EE1E1E 2E E} 6 (100 mg, 0.43 mmol, 1 e

011% EJEEEEW 11111 A171 E, 1M E101.E1EEE11EJr-‘11 4181150121 EAE E1°1EEJEE EflEEEfiIEJ 1.451101

E (515 , 05111111101191 11010101iEEE‘O11E'01EJ (104 , 0.6011111101, 1.4 eq) E 7J7J:1 171 71E1 751% E

201141 50E EOJ 3111131551. E11 4171 111E EEEE 0.181 70101141 10E EOJ 11.17141771 E. E101EEEE11EJ

(0. 70 11111011 E61711! 2711115111161 E1 2d (68.14 , 1. 07 mmoUE 03751781701174 30E EC’J 11111610111. 1 [1%

:17] 012. E3011 A1 H1111 A17J E 1A17J EOJ 11L1EL1 E, 9117 0 EL‘EIEJE (0 1 m1), 1:11E1E (0 2 m1), 3011111

76101EEJJ1711E7101EEE°11 (0 21111). 1711EJE (0 21111>E 71E11t11E 71/171051 1LEE 7141 17JL1 L1M EEE

E01141 17~17J E1E1L1A17’JE E1<‘«‘1EEEE11EJ71 E; 1% EE1o1O1 1‘171E0E E33011E1 EE1EL1 137%; i

EEEEME 4401.01. 101E EE 701414411149 4-2117141 EE1731E1 01014 411% 4131-717.
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[0139}

[11 141)}

[0141}

[11 1 42}

[0143}

[0 144}

[0145}
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JJELEJEJEW (18 % 114J42011J01411111O1E>441 JJJ 4144141 215424171 1:641 °1411JJ 7a (105mg,

68%)4‘34 @9141.

lHJNMR (CDClg, 500 MHZ) 6 7.36J7133 (2H, m, ArEH), 7.30J7127 (1H, m, ArEH), 7.22J7.21 (2H, m, ArEH),

5.19 (1H, s, C=CHaHg), 5.00 (1H, s, C=CII<1H13), 4.74 4.69 (1H, m, OCHQIIBCIIN), 4.45 (1H, brs,

JCH(0H)), 4.23 (21-1, 111, PhCHQ’), 3.96 (1H, dd, J = 10.2, 3.4 HZ, JOCHal-IBCHN), 3.27 (1H, dd, J = 13.2,

3.4 Hz, JOCHquCHN), 3.01 (1H, brs, JOH), 2.81 (1H, dd, J = 13.2, 9.2 HZ, JCH(CH3}CH(0H)E), 2.00

(2H, m, EC(:CH)CH2(CH2)2CH2CH3), 1.48 (2H, m, EC(:CH)CH2(CH2}2CH2CH3), 1.32 (4H, m,

JC(:CH)CH9(CH2)2CH2CH3), 1.20 (3H, d, J : 6.8 Hz. JCH(CH3)CH(OH)E), 0.90 (3H, t, J : 6.8Hz,

JC(=CH)CH2(CH2)2CHZCH31

414141541141 014, 41414 '21317147JJEJEE‘31E11’41E1118 % n 414:4144014141011414141 7214 444 41, :12 %

11J5J1M1 011%0141131101E)011 7b (21mg, 14%)% 0129151.

1H NMR (CDCIS, 500 MHZ) 3 57.36 7.33 (2H, m, Ar H), 7.30 7.27 (1H, m, Ar H), 7.22 7.21 (211, m, Ar H),

5.19 (1H, s, JC:CHqu), 5.00 (1H, s, JC:CHqu), 4.74J4.69 (1H, 111, JOCHquCHN), 4.45 (1H, brs,

JCH(OH)), 4126J4.19 (2H, 111, PhCHr), 3.95 (1H, dd, J:10.2, 3.4 Hz, ’OCHCLHBCHN), 3.27 (1H, dd, J :

13.7, 3.6 Hz, ’OCHQHBCHN), 3.01 (1H, brs, JOH), 2.81 (1H, dd, J=13.2, 9.8 Hz, ECH(CH31CH(OH)E), 2.00

(2H, m, JC(=CH)CH2{CH2)2CHZCH3), 1.48 (21-1, 111, JC(=CH)CHZ{CH2}2CHZCH3), 1.32 (41-1, 111,

C(=CH)CHQ(CH212CHZCHg), 1.20 (3H, d, J = 6.8 Hz, CII(CH31CII(0H) ), 0.90 (3H, t, J = 6.8 Hz,

JC(=CH)CH2(CH2)2CH2CH31.

  

 

<’J"1°11 6>

Q Q

{JANJH + x? ~ . 71"12‘1—10 11‘3112'3141111‘521571561”

33 8' 19

83%]. J {561.113} 13. {R12661113131

11°1JEEU11'J (1.5 MM 484441.11, (S)J(+)4JO1O1JEJJJ3JEJJ*442444144211414: 3a (100 mg, 0.541

mmol, 1 eq>J °1 C"4443201141 ”3614121 5r, 1M E1401J§i1111EJ°11 4% 311E°1X1 €154 510141121pr EHJEEUHEJ

@311110113 (596 , 0.596 1111110091 L‘1r010101:"El?31‘11‘311E101‘il(90 6 , 0 6501111101 1.264) J .1313] X3.713131

712140: $301141 504E 4E4°J mJfi1flfi1 EI'J 41'7J ”J9o4 JJJJ 010178 C 01141 10E EOJ 4111b

ELEAEVHH (0 7011111011‘81'311‘171 51—13%“ 8 (92.25 , 0.8111111101)% 0’61- 78 C01141 30%} %?_1 311

S’, 131/11 JJJ‘iC’fl/H ”1‘11 4171‘ 1417J ‘JOJ FLEJ i1 37v, 911 7.0 i"41101E (1 2 ml), 1111 (

30%wL 61°1Ef7i1 311%“101EJJ‘J11 (0.6 m1), 1111‘JJ (1 1 m1>J 7131101? 117161111 HJJJ ‘3X1A17JF1. t141

‘JJJJ—Ofl/d 1*17J E1 41131 4111 3? rJrC’1Jiiu11‘Jfl1 J'J 1411401HE1'51C11 J71iJ'J JL101‘33VJ J4E1§1 J71
Q.
 

J . iJ—J‘FJOLE "JJPE 690%? 574, 1?? 11411711111114’514‘9 E d4171J107J41?51E1.$1°1<‘14J*1J 41‘1717J JE1flEU1EILE’11V1 (18 % 11*841'fl'i911‘J01411E1101Efi1'341 J’JJ 531314114171 “443L141 ‘JJHJJ 9

(22. 3 mg, 14. 8%)J 01.91111.

1HENMR (CDCIS, 500 MHz) 1 8 5.54 (1H, t, J = 7.3 Hz, ECH1CH31CH(OH), 4.48 E 4.41 (1H, m, ’OCHQHB
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[5 146}

[1112.71

[0145}

[0 149}

[0150}

[111511

[0152}

[0153}

[11 1 54}

[0155}

7‘33H §51 1072011-0047179

CHN), 4.39 (.1H, brs, 7CH(OH)), 4.28 (1H, dd, J= 17.6, 9.3 Hz, 7OCHaHgCHN), 4.23 (1H, dd, J: 7.8,

2.9117, 7OCHaHBCHN), 3.9/1 (1H, dq, J= 6.8, 2.9 Hz, 7CH1CH3)CH(0H)7), 2.38 7 2.33 (1H, m, 7CH(CH3)2).

2.10 2.01 (3H, m, CHaIIBCH2(CIIZ)3C113], 1.82 1.76 (1H, m, CIIQHBCIIZ(C112)3C113), 1.37 1.27 (6H, m,

7CH<1H13CH2(CH2)3CH3), 1.17 (31-1, d, ./ = 7.31-12, 7CH(CH3}CH(0H)7}, 0.92 (3H, d, J = 6.8 HZ, 7CH(CH3)2).

0.90 (3H, d, J= 7.3 Hz, 7CH(CH3)2), 0.87 (3H, t, J= 5.8 Hz, 7CH01H11CH2(CH2)3CH3).

«37131 7>

1.1011.sz  
1TH F :H QQC'2Z1) 

(25,38)—3—51O1E%A1—2—U11 9—4—1111 2713214137511 011713591 711531011)

727171 201171 711?: (7S)37 (( 2S 3S)30101572771727 B1171 774 fllE'iiWi‘DM707177777131777.7173:

948 mg, 3.05 mm01)-‘:I7E11Ea151o12i771 : £7 (27 m1 : 27 m1)° 737.1%011 7

4101512561.1132 6 1011111101)% 134613111. ”217%011/‘1 12/1111 3‘31 111113101 1fl%% Pfi'fiklfiflr. 7:"? 3101

:7010127711" 71710131311 77171 577117d 7 111%3271371 01153101711E11°1E§ @7171 11-7177 71L1 51771711717% ifiéLfiiwi "73°10? 73101
1:!

0.2017111 111.711‘Jfl 10d (647 mg, 106.1 '1)E 131?; 1473 .17"

lH7NMR (CDClg, 500 MHz) 2 5 5.10 (1H, s, 7C:CH(1H13), 4.99 (1H, s. 7C:CHuH13), 4.52 (1H. d, J: 3.4

Hz, 7CH(CH3)CH7OH), 2.71 (1H, m, 7CH(CH3)CH70H), 20271.93 (2H, m, 7CHQCHZCHZCHZCH3), 1.48 (2H, m,

7CHZCHZCHZCH3CH3), 1.31 (4H, m, 7CHZCH2CHZCHZCH3), 1.171 (3171, d, J = 37.3 Hz, 7CH(CH3)CH7OH), 0.90 (3H, t,

J = 6.8 Hz, CHZCHZCHQCHZCHS).

<§Al 01| 8>

“"3“ mm 135:3:WW

«31—13131.  
2-(‘3136—3—‘QM1115172-91 711i(11)

017117011717; (4151111101 737711 7E 27(37i77:)7°11151% (1.2 g 7. 06 mmol % 7.2% #37011 1301 17137217 7d 7.1 i

757710101‘Lfiis1o12ao1: (’2. 2gg, 35.34 mm01 )% 71718101E1 01.: 4773.37 1111131 701%01171 37173 C; 311161

1:E1. 311%01 53-513 41% 7217:1711 37.71%E 91 5:7571710137111101E Z?%°—11% 731717101 17.11%% 7371 717:1t1

111% 371517273 172717111 71%, 0115101711El1é 51- %71%% $3771 7 3,1191. 7577 5L1 371%% 3557377101: #787

1°13: 3101737 7, 1477? 73317111117372: 71i71711, 1.57713? $10171 734% 3&7111 Qfiiifiifiafi

71 ( 1177117.} : 0‘17210171111101E = 10 : 1)7 C71 372% 5417141 71327171 1:26”. 71711737721 11 (432 mg 37.4 %)%

@3171.

lH7NMR(CDC13, 500 MHz) 2 6 7.10 (1H, d, ]= 7.9 Hz), 7.06 (1H, dd, f= 7.9, 7.3 Hz), 6.76 (1H, dd, ]=

7.6, 7.3112), 6.68 (1H, d, J= 7.6 Hz), 3.74 3.55 (3H, m), 3.44 (1H, m), 3.28 (1H, dd, J= 8.6, 5.9

Hz), 3.10 (1H, brs), 2.09 (1H, m), 1.79 (1H, m)
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101551 3-(2—(E1E-TED1‘IHEE‘E%*1)°11'§)°.1%E-91 2113202)

[0157} 27(CQEEIH3HOE‘M1E12; 11 (365 mg, 2. 23 mmol)% Golgiiuflflofl 24;] E, H.921 2121 021% #iow emu}

3;“ (182.6 mg, 2.68 [1111101)11’ EIV6=1d1Bi—F/1E+0] 19"‘3 ELEEPOLE (404.2 mg, 2.68 mmol)% 721311EHE. 74/131931"1 d e.

E1. 601866161 36173 30$ 3111 6193 in 11301 9.1% E1 33% 71?]31fl . ‘1%E%%'1 EH 51°1zeLEEU11EJ°11

€01 up%% E61617] E

l

dlfik‘iltk 64162 %7I%% 16363101.- 44301106 610% 6 U64,01 
1:!

1_. I__ TL“ '_lv 1—. l y ‘1”T

0661314613301: HEAVM, HENEH flow 114% QEWWA QEJEEUIEJPM n n 6463 : 6116210114161

015 : 20 ; 1) and %g% 33.316}? @3217 @441 «AMIEQ 12 (570 5 mg 02 8 70% 9221:}

[0155} lHiNMR (00013, 500 MHz) : 6 7.10 (1H, d , .7: 79 H2), 7.06 (1H, dd, J: 7.9, 73 H2), 6.76 (1H, dd, J

= 7.6, 7.3 Hz), 6.68 (1H, d J— 766H2), 3.74 2 3.55 (3H, m), 3.44 (1H, m), 3.28 (1H, dd, J= 8.6,

5.9 H2), 2.09 (1H, m), 1.79 (1H, m), 0.92 (9H, s, *Si*(CH3)2*(_CH3)3), 0.09 (6H, s, *Si*(CH3)Z*(CH3131.

[0159} <QA] 61] 59>

DME    
 

 

   

12 mg.- ' '1 1332:9333PTSAMQ'GH

Dim
j".

.5.

<2. 51.
,Bena‘ema 6' . ."l' -;

TBSjFT’MMeL H 1113 ETB‘QPTSAMsOH
[0160]

[0161} (28,3S)—1—(3—(2—(ElE-l‘i—Qflufl'aég‘aa‘ulMad)flEfl—l—Qe‘)-3-‘61°1EE61—2—Dfla—4—Hl'aflh‘dr—1—éEEI 111%.

(13a)

[0162} 37(271'E1EEEEE'L‘MEQEE61mam—EH 12 (405 mg, 14511111101) ,(25, 38%3761015E61727U1l64744116?!d1

id: 011:: (438 mg, 2.13 mmol) ‘4‘ O’(7’°1’X1’L1115§Ea01':§’1’0E1)’N,N,N\,N\’E11Efl‘u11lé”cl’fl‘3fi? (832.4 mg,

2.18 mmol) % qflfl‘i'i‘ET01-U1E 20. 0 1111011 %€H6]7Ifl, N.N*L‘101:53.:32331911E3'01-HMOJ7 ml, 1.01n11101)% 7:17}

313215], 63801161 11141617 E. 011230176116 01E 62 fiflHEE :?§6°%‘£i 737361711 '3‘71’Z;% 7‘??? 6363“}:

11162; 7d7mlflm i6?“6173 6. ”61/163 71% HiurfildHfilizrflfl : 0116310161166? : 10 : DE 72411]

3104 2&1 1317161321 (404 mg, 60 2 %)~E— ELOEWHIE 62916].

[0163] lHiNMR (C0013, 500 MHz) : 5 8.22 (1H, d, J: 8.3 Hz, AriH), 7.22 (2H, m, AriH), 7.09 (1H, t, J: 7.3

Hz, Ar H), 5.27 (1H, s, C=CHQ11B), 5.02 (1H, s, C=CHOLHI31. 4.50 (1H, brs, HC OH). 4.27 (1H, t, J=

6.35 H2, *CHuHBEOTBS), 3.92 (1H, q, J: 5.86, 4.4 H2, *CHuHBEOTBS), 3.87i3.76 (:2H, m, ENECHZ), 3.56

2 3.53 (1H, [11, *COECH(CH3>, 2.80 (1H. m, ArECH). 2.01 (2H, m, ECHrCHrOTBS), 2.91 (1H, m, EC:CH*CH (1H

B’CHQ). 1.82 (1H, m, ’C=CH’CHCLH[3’CHZ), 1.51 (2H, m, ’CHZ’CHg), 1.34’1,32 (4H, m, ’CHZCHZCHZCHQ, 1.21

(3H, (1, f = 6.8/1 1‘17, C=0’CH(CH3), 1,19 (311, t, .7: 7.33 HZ, CHZCH3), 0.90 (9H, S, ’31’1CH3)2’(CH3)3),

0.09 (611, 8, Si (CH3)2 ((311313).
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[0164} (25,3S)—3—‘5‘]—°]E%*]—1-(3—(2—:6}°]E%1~] 011%)‘35:‘fl—1—%‘)—2—Dfl%—4—“fl%%fli&—1—~€—91 Xi]3§(13b)

[8165} (2:3,38)717(37('27(E1E4?%D]“HQ/$33M]101%)1%??1717‘8)735310153J1527UflEPILJHQ91115957178 13a

(54.5 mg, 0.12 mmol)% E11E§ISPOIE§£$$§ 5 ml 011 —%%H $17.1 ji, ENEE—SBI-Oliij‘grimfl 1.0 ME. 55,044 2,1< >

:4: H‘Ea4aem :37 game]: (0.15 m1)% «331% #5: WWW magic]. www 2x171 ago; ma} 81
fi 191%01 935% 74% 32%}?ch 1% 3*?ng 401 191%% $1 247.1 Z? gem 44% um

’a‘é’lflél aaawizw < n agaaowwog = 1 : 622104 5:24;, $361.2 7.131174 Eraiwgg 13b

(39 mg, 95 Val—$3 $944.16.? 2291:}.

[0166} lHiNMR (CDClg, 500 MHz) I 6 8.25 (1H, d, ./= 8.3 Hz, AriH), 7.25 (2H, m, AriH), 7.08 (1H, t, f= 6.8

HZ, AriH), 5.27 (1H, s, ’C=CH(1H13), 5.02 (1H, s, ’C=CHC1H13). 4.50 (1H, brs, HC*OH), 4.49 (2H, s, HC*

OH), 4.28 (1H, q, J = 6.35 Hz, ’CHCLHB’OH), 3.89 (1H, q, J = 5.86, 4.4 Hz, ’CHQHB’OH), 3,83 1 3.82

(2H, m, *NiCHZ), 3.79 (1H, brs, CHZCHZOH), 3.63 1 3.59 (1H, m, *CO*CH(CH3), 2.78 (1H, m, AriCH), 2.06

(2H, m, ’CHZ’CH270H>, 1.88 (1H, m, *C:CH*CHuHB*CH2), 1.86 (1H, m, ’C:CH’CHLLHB’CH2). 1.50 (2H, m,

’CHZ’CH3), 1.34*1.32 (4H, m, *CHZCHZCHZCHS), 1.21 (3H, d, J: 7.3 Hz, C:O*CH(CH3), 0.91 (3H, t. J: 6.84

Hz, CH2CH3).

[0167} (ZS.SS)-1—(3—(2-(E1E—l‘i-%EI“Raga—3"])011%)fléfl—l—‘élJ—Z—DHQ—4—uflafl-1-%ii‘&-S-?=l OMIENOIEQ

1'“3£(14a)

[mas] magma: an?! (23,33)717(37(27(E127¥%E1U1]'aél‘jég—MM%)91%6d*17?4)7376}°]Fifiizivfl'a’

4*‘Jflgfiflfzfl'ili‘9: 133 (357 mg. 0.77 mmol)°1] 342113 (0.34 ml, 3.88mm01)% £7} 5.} 57—, 01-1151,?131015i

éé 6661 747} flat}. @EOW 12x12} %°J 411313131561, éfi§§01 312% Halo} 5:201 4*E}°1‘1fl%0]—E]L:fi]

31% (1 eq) 5871311751 ’3'3‘011‘1 26H} '51 $869314. 61°60] 537.4% 5i% $131341. fi‘ifidi 313 ‘3

Fr], “1%01'611E1101Eq %% 778713101 ’6‘71‘?’% 5’331'31‘4‘. EH52 0 —[O

i. #46 fié‘flflkllflfigi zyalam, %§Amq, @0111 7L} (

“1%01611E1101E = 20 3 1)3]OJ %§% $3131.11 {13.61731 5:79.33}?ng 14a (570.5 mg, 92.8 751% R%'%H1§ $1

91E}.

>.
3.mm [1.12_( L >2 mi si‘. mi 11 W 1:!

__ m )4 g .‘a

[0159} 1H NMR (CDClg, 500 MHZ) 3 S 8.11 (1H, d, J = 7.8 Hz, Ar H). 7.10 (2H, m, Ar H), 6.95 (1H, t, J= 7.3

HZ, AriH), 5.42 (1H, d, ]= 8.3 Hz, ’CHOCOCHg), 5.04 (1H, s, *C=CHaH13), 4.84 (1H, s, ’C=CHO.HI3),

4.14 (1H, 1, J: 9.2 Hz, *CHuHfiiOTBS), 3.76 1 3.68 (2H, m, *NiCHz), 3.69 (1H, L, J: 6.3Hz, *CHuHEr

OTBS}. 3.44 (1H, m, *CO*CH(CH3). 2.94 (1H, m, AriCH), 2.01 (3H, s CHOCOCHa), 1.96 (2H, m, *CHrCHr

OTBS), 1.66 (1H, m, *C=CH*CHQHB*CH2), 1.37 (1H, m, *C=CH*CH[1H[3*CH2), 1.17 (2H, m, ’CHZ’CHg), 0.86

(4H, m, *CHZCHQCHZCHg). 0.85 (9H, s, *Si*(CH3)2’(CHg)3). 0.85 (3H, d, ./= 6.84 Hz, C=0*CH(CH3). 0.76 (3H,

t, J= 7.33 Hz, CHZCHS), 0.01 (6H, 8, Si (CH3); (C113)3).

r0170} (25,3s)—1—(3—(2—’8}°]E%*1o1]a)‘35.:E—1—"a‘)—2—UIl'a—4—ufl%%fl—1—%ib:fi—3—°a‘ owlalolEal flléflzlb)

[0171} (25,38)717(37('27(E1E*$*%q“HQQ‘a’g/W151%)Odgffilili‘é‘)izififlaiflxwflgE11717*3.ii‘r}i37%1 OWEHOIE

14a (64.4 mg, 0.12 mmol)% "HE/1% (31111)01] %’3H}\]VU ji. 3131‘3 31’E—Erfl”‘flili1O]E‘—§~ {FF/0t 2301 % at ’2}

3.0% 22471 Era} fllfififiiv‘r. 133...] 91-24% 7i% @0361 i. 710L711“: “11‘i%% “El Fr] uh: ’a‘flflzfli a“
1:! H E L :1

EEAUFEJdHJ} ( I1 ’ 514% 3 01130141IE110113 : 1 3 061$! 557.31% vhf‘ilfil'fii 31-):747‘1 gal—$43333“ 14b (21.3

mg, 42.8 %)%'£L°E1%F41i @9151.

[0172] lHiNMR (CDC13, 500 MHZ) I 5 8.23 (1H, d, J: 7.8 Hz, AriH). 7.21 (2H, m. AriH). 7.05 (1H, t, J: 7.3
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[o 174}

[0175}

[0176}

[01771

[0178}
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Hz, Ar7H), 5.55( 1H, d, J= 8.3 Hz, ECHOCOCHg), 5.12 (1H, s, EC=CHQHB), 4.93 (1H, s, EC=CHQH13),

4.24 (2H, t, ./= 9.2 Hz, ECHZCHZEOH), 3.94 (2H, t, ./= 9.2112, ECHZCHZEOH), 3.80 (2H, d, J= 7.3 Hz, ENE

CH2), 3 57 ’1H.m, C0 CH1CHs), 3.04 (1H, t, J= 6.8 Hz, N CIIZCH C2114 OH), 2.09 (3H, s, CHOCOCHg), 1.56

(2H, m, ECHZCHZCHZCHZCHg), 1.45 (4H, m, ECHZCHZCHZCHZCl-lg), 1.26 (3H, m, C0(CH3)CH), 0.86 (3H, t, J =

6 . 3H2 , ECHZCHZCHZCHZCHJ) .

(25,3s)—1—(3-(2-(E1§-44E111114411442111011471441414)72—11114—4—1114111—1—4/441443—4 0141191014

91 2114(15a)

(28,38)1(3(2(E1E H4114111114141474741)1110441 1 041) 2 11141 4 111441

1421 (344 mg, 0. 68 1111110114 E11141 (7 m1)°11 46 A111 .

(778.2 mg, 3.42 mmol)% 3716141 GOT/01141 1241?} %?_ fl'fi1fi1’71 ”41°01 315% 721% 52:?J011, :11go1
411E11°1E91 44 74716101 47144 44610114. 41 41 47144 4:444014 444144 41°14 4. 44

4414141111144 21441714, 411714. “0111 741/114 4471211. 41413414141414 1 n 7 414 ; O11401411

E1 014 = 7 : 116101 4414 .44 011 21441 47441414 15a :35 mg, 24.8 4047 441121414 441:1.

9.41.11 3 0E1 01/111131 :1;E
11L?

)4

117‘1
 

lHENMR (CDC13, 500 MHz) 1 6 8.46 (1H, d, J: 8.3Hz, ArEH), 7.72 E 7.70 (1H, m, ArEH), 7.54 E 7.52 (2H,

m, Ar H), 7.37 7.27 (1H, m, Ar H), 5.66 (1H, (1, JE 7.3112, CHOCOCHS), 5.12 (1H, s, CECHQIIB), 4.93

(1H, s, EC=CHQH15), 3.92 (2H, m, ECHQEOTBS), 3.53 (1H, m, ECOECH(CH3), 2.93 (2H, m, ECHZCHZEOTBS), 2.11

(3H, s, CHOCOCHJ, 2.04 (2H, t, J E 7.8 Hz, ECHZCHZCHZCHZCHQ, 1.43 (2H, m, ECHZCHZCHZCHZCHQ, 1.38 (3H,

d, J E 7.3 Hz, ECOECH(CH3). 1.32 E 1.23 (4H, m, ECHZCHZCHZCHZCHg), 0.90 (9H, s, ESiE(CH3)zE(CH3}3). 0.84

(3H, t. J E 7.3 Hz, ECHZCHgCHQCHgCHg). 0.04 (6H, d, J E 4.89 Hz. ESiE(CH3)2E(CH3)3).

(25,3s)717(37(2773101442\101141714447174)727111147471111441171744447374 01411410144 2114051))

(23.3S)717£37127(E1E7E‘E41111211414444110‘1E4>71H7414717°1>727U11E1747U11E1411717444440471 O1411111014

15a (33. 3 mg, 0.17 mm0114EE11 4401014444 ’5 m1>o11 4611 41/1 4, E11L4o1°1444E1011 1.0 M 4' 4701

X1 014 1143144014144 44E1O1E (1 76 11104 447 44. 411101141 41471 E13311 41470141 241714 401 E

11141 4, 111-4701 41-7441, 744 410101014 1.1174 4414011 414E144441011: 777%“4 E1701 L1144 4744121

4 o111E1<>1A11E11<>1E4 14101 117144 441E144. 4': 141 117144 414444014 47841144 41014 4. ‘44

4111114111444 741441714, 15441414. “0111 1414147 7’ 7774 74.143411141111141 ( n 411:1 : 41401411

E1014 7 1 : 1) 6101 47414 47416141 72137417771 42441414 15b (21.3 mg. 31.31114 441417414 449114.

 

lIINMR(CD(313, 500 MHZ) 3 8 8.47 (1H, (1, JE 7.8 Hz, Ar H), 7.55 (1H, (1, JE 6.84 Hz, Ar H], 7.38 (111,

L, J E 7.3 Hz, Af’H). 7.37 (1H, s, ArEH), 7.30(1H. L. J E 7.3 Hz, ArEH), 5.60 (1H, d, J E 7.3 Hz.

ECHOAC), 5.11 (1H, s, EC=CHaH13), 4.91 (1H, s, EC=CHQHB), 3.961211, t, .7: 6.35 Hz, ECHZEOTBS), 3.76

3.68 (2H, m, N CH2), 3.69 (1H, t, J E 6.3 Hz, CHOLHBOH), 3.56 (1H, 111, CO CH(CHg), 2.99 (2H, m,

CHZCHZOH), 2.09 (3H, s, CHOCOCHg), 2.05 (2H, s, CH2CH2CH2CH2CH3), 1.42 7 1.52 (6H, m, CH2CH2CH2CH2CH3),

0.85 (3H, m, ECHZCHg).
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[01791 <¢£17~1o1| 10>

, 36111161771 
[0180}

1011111 (23,33)—1—(37(2—(E1E7E1EE1“HEEEEMM1E)—1H—flE—1—?=_1)73—8101EEA1—2—E11E—4—u11EEEE—l—Eg 711

33(16a)

[01821 (23,3S)7171371277(E1E ‘j137211191%EEM1101E‘101EE1717E)7$0101514711727 E11E1774 U11E1 11EE1717E 13a

(156 mg, 0.31 mmo11-E 11117.11 (30 m1) 01 72611 7171, E, 2,37E17O1EE'E'7567 E11M1o1o1E 1, 47 111E171: (352.3

mg, 1. 55 mmoUE 7171611771 60130171 127171: E01 Iifl'fiflflr. 111°C] EEE 71E 71310141, O1113721<21711E11<>1E3 EE E171o1°17m°717Z7E117uE1°1E1$171Z7E iw‘EEEfl‘flE 7777 “10:: 21°17}: E. 7117777 E13171:
111%0E 71.776171MEE6171E1 E0171 71%1E 11E171/E EEEEWEJEM (n 7 51111 : 011E101A1IE11<>1E 7

: 1)o101 EEE E71813 531.6171 EEEJE 16a (102 mg, 73 9 %)EE°E1*O1E11E 91131131.

[0183} lH7NMR (CDClg, 500 MHz) 1 6 8.48 (1H, d, J: 8.3 Hz, Ar7H), 7.55 (1H, d, J: 7.8Hz. Ar7H). 7.38 (1H,

t, J= 8.31 Hz, Ar7H), 7.33 (1H, s, Ar7H), 7.3 (1H, t, J= 6.35 Hz, Ar7H), 5.28 (1H, s, 7C=CHQHI3),

5.04 (1H, s, 7C=CH01H13), 4.62 (1H, s, 70H), 3.93 (2H, t, J= 6.35 HZ, 7CHg7OTBS), 3.66 (1H, m, 7HC7

OH), 3.31 7 3.27 (1H, m, 7CO7CH(CH3)). 2.94 (1H. 1, J: 6.84 Hz, 7CHL1H137OTBS), 2.93 (1H, (1. J: 6.35

Hz, 7CHC1HB7UTBS), 2.07 (1H, 111, 7C:CH7CHC1H[37CH2), 1.97 (1H, m, 7C:CH7CHC1H[37CH7), 1.50 (2H, 111,

7CH2CH2CHZCH3CH3), 1.35 (3H, s, 7C07CH(_CH3)), 1.34 (4H, m, 7CH2CH2CH2CHZCH3), 0.89 (9H, s, 7317(CH3)27

(CH3)3), 0.03 {6H, s, 7Si7lCH3)2’(CH3)3).

[111843 (25.397373101 EEAl-l-(3-(2—6‘101EEA] °11 1% )71H-‘31E—1—E1 )72-111] lE74711] E71 11112114717739] 711é( 16b)

[0185} (23,38)1(<2(E1E HEJEWH‘E’E‘E 7]) 1%!)

<9. 9 mg, 0.02 mmoUE 11113% (2 m 1101 E81174 7E. 11

*1 26171 176711 '117L101°1E1 111370191131

E1E111131 < n 7 E1173 : <51E°1711E1101E 7

9/1. %)E EE731E11E “231%.

‘7)1 L i 11E 121. 1% 11%“ 1.111 1—19 8 l3 1%

[1211861 lH7NMR (CDC13, 500 MHz) 2 5 8.49 ('1H, d, J : 8.3 Hz, Ar7H), 7.57 (1H, d, J : 7.8 Hz, Ar7H), 7.41 7

7.31 (3H, m, Ar7H), 5.27 (1H, s, 7C=CH01HB), 5.04 (1H, s, 7C=CH11H13) 4. 61 (1H, s, C:OCH(CH3} CH70H)

3.98 (2H, t, J: 5.8 Hz, CH2 0TBS), 3.51 (1H, brs, CIIOH), 3.34 3.29 (1H, m, C=0CH(C113), 3.00 (2H,

t, J = 6.3 Hz, CHZCIIZ OTBS), 2.12 2.06 (111, m, C=CHu1113), 2.00 1.94 (111, m, C=C11aHI3], 1.60

(1H, brs, CH2CH27OH}, 1.55 7 1.47 (2H, m, 7CH2CH2CH2CH2CH3), 1.36 {3H, d, ]= 1.46 HZ, 7C07CH(CH3)), 1.35

7 1.31 (4H, m, 7CH2CH2CH2CH2CHJ), 0.90 (3H, t, J= 5.8 HZ, CH2CH3).
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[9188}

[0139}

[0190}

[0191}

[0 192}

[9193}

[0 194}

[0195}
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<2R.3s)—1—(3—(2—(E1E—EEE1“HEEEEM191E)EEE—l—E172—1111E—4—u11EEEE—3—E21 77137741721)

(23, 331717(37<(’27 (E1E 7‘?ED11111EE‘EE/‘1151E10LE71717E 73771015E71727711E747U11E71117177177 13a

(250 mg 0.54 11111101)EE11EEA’5I'°1EEEE1 (15 [111)91] E511)5171 E. E11EE15I'O1iEA1-rElo11 ZMEA E4731 SEE
EE 13011111773 ”E31 O1E <0 5 m1)E 032E 111% 71717171101171 $717193 . E73773.717121; EE EE

7151 EEOI EEE 72% EEE 7 U11EE (1 1111 E 7101 371E EE L1 mEEEL’L EEEEEE EE71E

017877151 EE E, H1E 75271717771 EEEEEEEEE ' n 771E : 711E°1I~11E11°1E =15 : 117151 EEE E211

E11 ESE/471 EEE‘EE 17a (178 mg ‘73. 4 %)E REEEHE ‘Eflfl.

lHENMR (CDC13. 500 MHZ) 8 7.07 (2H, t, .7: 7.8 Hz, ArEH), 6.66 (1H, t, ./= 7.3 Hz, ArEH), 6.53 (1H, t,

J = 6.8 HZ, ArEH), 5.08 (1H, S, EC=CH<1H13), 4.95 (1H, s, EC=CH<1H13), 4.25 (1H, d, J = 8.3 HZ,

ECH(CH3)CHEOH), 3.75 (2H. d, f = 5.86 Hz, NECHZ), 3.64 7 3.54 (1H, m, CHZCHZEOTBS), 3.34 (1H, brs,

70H), 3.29 (11-1, q, 1: 3.3 Hz, 117012071), 3.16 7 3.07 (1H, m. N7CHqu7CH(CH3), 3.03 7 2.93 (1H, m, N7

00qu (311(0113), 234 (111. m. cuzcmcus). 2.05 (211. q. J = 7.3 112. 07120112 0133). 1.94 (211. t. J = 7.3112.

=C7CH21. 1.78 (2H, m, ECHZCHZCHQCHZCHS), 1.47 ( 2H, m. 7CHZCHZCHZCHZCH31, 1.30 (2H, m, ECHZCHZCHZCHZCHS),

0.92 (3H, d, J = 7.3 Hz, CHZCH(CH3)), 0.92 (911, s, 7317<c93>27<cm>3>, 0.39 (3H, t, J = 6.8 Hz,

7CH2CHZCHZCHZCH3). 0.09 (6H. s. 7Si7<CH3)z7(CH3)3).

(2R,3$)—1—(3—<2—71°1EE7~1011E)EEE—1—E)—2—U11E—4—U11E71EE737E91 x11E<17b>

(2R.381717(37(27(E1E7‘7‘E'rmlE'EEjmfi L E717E>727u11E747u11‘EEEE737E 173 (31 mg. 0.06mmol‘E 1E7; (1. 3 MPH 30117171EEE j1EE7E17EEL11O1 E
01-

) E-E £737 701 :7, E E78. C1171 37171 737E

EEEEE. EEOl EE E 71% EE E E E H71EA T'11EEE EE 7.1 EE EME EEEEEEJE1(

11 011E : 01730131171101E = 1 115171 EEE E71513: 733.3171 E7471EE 17 (13 4 mg. 79 8 71% EE

EEHE E2171

1H NMR (C0613. 500 MHZ) 3 87.09 (211. m. Ar H), 6.70 (1H, t. ]= 7.3112. Ar H), 6.59 (1H. d. J= 7.8112.

ArEH), 5.09 (1H, s, EC=CHQH13), 4.96 (1H, s, EC=CH<1H13), 4.23 (1H, d, J= 7.3 Hz, CH(CH3)CH70H). 3.77

E 3.71 (2H.m. N 7CH2CH<CH3)), 3.58 (1H. L. J: 8.3 Hz. NECHuHBECH(CH3)). 3.52 (1H. L. J: 8.8 Hz. NE

CHuHBECH(CH3)). 3.40 (1H. 9. J E 7.3 Hz. NECHgCH). 3.20 (2H. 111. NECHZ). 2.92 (1H. 111. NECH,>,CH(CH3).

2.05 (2H. 111, CHZCHZEOH), 1.83 (2H, 111, =CECH2CH2CHZCHZCH3), 1.47 (2H, m, ECHZCHZCHZCHZCHg), 1.31 (4H, m,

ECHZCHZCHZCHZCHg), 0.91 (3H. s, ECHZCI-KCHg), 0.89 (3H, t, J= 7.3 Hz, ECHZCHZCHZCHZCHg).

(2R,3s)—1—(37(2—(E1E EEEIDHEQEE1)°11‘E)-1H—?1E—1—%1)-2—“11E-4—“11E7fl1:‘r}—3—E91 7113741821)

(2R3S)1(3(2(E1E EEJE11111E E‘ES’AUHE)

1111710115 ENE (18 m1)011 %5 74771 7E7. 2.37E

mmOUE’ 3715131 60 7701171 1271?} EEO} 177321510323
3

E 1721 (87.8 mg. 0.19

7:17—75 (89. 43 mg 0.39

7.2771 1190111717131777° 7

7 .. A E 7 77 7:171:11 77.07

“1E1911V1 (_ 11 7 E71517 1 011EOH1F711°1E = 20 I 1)
1

31° .W1 u:“Ll

lHENMR (CDCIg, 500 MHz) 2 67.59 (1H. d. f= 7.8 Hz. ArEH). 7.34 (1H. d. ]= 7.3 Hz. ArEH). 7.18 (1H.

t. J = 8.3 Hz. ArEH), 7.08 (1H. t. J = 7.8 HZ. ArEH), 6.97 (11-1. 8. ArEH), 5.05 (1H. s. EC=CHQHI5),
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[0197}

[0198}

[0199}

[0200}

[0201 }

[0202}

[0203 }

[0204}

[0205}

[0206}

[0207}

[0208]
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4.92 (1H, s, EC=CH01H[3), 4.21 (1H, (1, f= 8.3 Hz, NECHQHBCH(CH3)), 3.99 (1H, q, ]= 8.3 Hz, NECHaH

BCH(CH3)), 3.86 (21-1, 1, f= 7.3 Hz, CHZCHZEOTBS), 3.83 (1H, d, ./= 6.3 Hz, CH(CH3)CHE0H}1 2.98 (2H, t,

J= 7.3 Hz, CHZCHQ 0TBS), 2.26 (1H, m, CIIZCH1C113D, 1.87 (1H, m, =C CHaHBC/[HML 1.77 (1H, m, =C CHOLH

15041-111), 1.30 E 1.16 (6H, m, ECHQCHZCHZCHZCI-lg), 0.90 (9H, s, ESiE(CH3)2E(CH3)3)), 0.84 (31-1, s, CHZCEKCHg),

0.83 (3H, 1, J= 7.3HZ, ECHZCHZCHZCHZCH‘J), 0.04 (6H, s, ESiEICH312E(CH3)3)).

(2R, 33)-1—(3—( z—EME—EA] 011 % )-1H-?l§-1—‘?—J )—2—1111 9—4—1111 aEflEEr—s—EEE 11150813)

123 3s>E1E1121EEEEL1u11 EEE—M1E1E>E1HEE1EE1EE1>E2EE1EE1EE1E11EE1E3EE 18a 13.

o 08 mmonE E1EEs1o1EEEE 1411111011 EE1 AVE E, E1EEE1E1EEEEE1 1 0 ME EEE E1E EEEE

EEEE EEE1<>1EE EE EE 31E131x1 E1716132E1. 31Eo11x1 221/1 E31 E11 E1 E EE<>1 EEE 4
EEE EEEEE EEEE E01 EEE 1.1 1E1E, o11Eo11~11E1<>1 E 1 E1

EEEE. EEE EEEE EEEEEEE EEEEE 31 E E, EEE E31E11111EEE- EENE
21

, EEMEE. @0111 784% EESEEE EEEEEEEEE 1 n E E3 : o11EEo1x1E‘o1E = 1 : DEE E.11

0| [\7 5Pic:

lHENMR (CDC13, 500 MHz) 1 67.62 (1H, d, J: 7.8Hz, ArEH), 7.38 (1H, d, f= 8.3 Hz, ArEH), 7.22 (1H, t,

J= 8.3112, Ar H), 7.11 (1H, t, J= 7.8 Hz, Ar H), 7.04 (1H, s, Ar H), 5.07 (1H, s, C=CHuIIB), 4.94

(1H, s, ECECHuHB), 4.23 (1H, L}, J E 8.3 Hz. NECHuHBCH(CH3)), 4.02 (1H, 11, J E 7.3Hz, NECHuHB

CH(CH3)), 3.90 (2H, t, J: 6.3 Hz, CH2CH2EOH), 3.83 (1H, s, ECHgCH(CH3)CHEOH), 3.04 (2H, t, J: 6.3 Hz,

CHZCHZEOH), 2.31 E 2.26 (1H, m, ECHZCH(CH3)), 1.90 (1H, m, =CECH11H13C4H11), 1.76 (1H, m, =CECH01H13

C4Hll), 1.60 (1H, brs, ECH(CH3)CHE0H), 1.30 E 1.17 (6H, m, ECHZCHZCHZCHZCHS), 0. 857 (3H, s, CHZCI-KCHS),

0.84 (3H, s, CHZCHQCHZCHZCHS).

43‘21011 1. IL-6 11H7H1§ luciferase NEHEEL’S]

1—1> EEEEJE] 111.2:

913 E1 E11101Eo‘1 5x10 ALE/21E HepG2 2111E1 ATCC HB806.51% EEEJ E, 10% FBs1v/V1, 130.0 lug/12 E11E1E1

“I’d flfloléflganamycin sulIaLc? Gibc0.. USA) “'74 2.0 g/L 1L’JE?_QL 5%(NaHCO3; Sigma, USA)0] Eiud

DMEM 14113.;t “114% *}%’5}¢1, 3713011/‘1 5% C079] 3:62? 1010017374011 80% /}E7§_"(C0nf1uent) “11771-81

HHOJfi1'fiVJr. 01—?— ?"E% H1111 50 [Ali 1121—31-1, 0.1 11g [DSTAT3ETAEL11C (Clontech, CA)9Jr 0.33 {.11 E13319?“

Alfiflipofectamin reagent; Invitrogen USA)91 {_%10_1‘1% 4} @011 537131-01 3/021: 338%1410:541 DSTAT3TAE

Luci {EQQOSAWiE ’11? }11-71315} 200 '59 DMEM ”Hoe? ”H70g ”111101 ifli 24"]?1’ HH°J¢19311.

<1—2> IL-6 3-; IL-11 EEIE STAT3 EEIE EH11} 21W

‘37] “3 737110331 41111i? 1% BSA/DMEVLOEE 33%? HH°J1serum starvation)01l/‘1EEEEE: aflfl 7EL°1 1‘17} X1316}

§— 10 1112/1112 ILE6(R&D system, USA)€ ”37101051 3*]?! %?l’ ”H0301flflr.

1: EEEHEEWIEME)

2: OEEEEEULE 10 ng/me);

3: 321E31EE103, 1, 3, 10, 30 100 [1111;1E1

4i Madindoline (0.3, 1, 3, 10, 30, 100 11M)

@171 191—%{>l NEE PBSE 1113?}31 50 (.19, {3:311 %%%C‘E“(luciferase assay system, promega, USA)% €31 1%

Zl- JJIJfl—TQ’} 5%, 30E100011291 Ear/4343131 71%(luciferase assay system, promega, USA)E- E31— CIA—“16117:; EU]
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[0209}
r

[0210}

[021 1,}

[02 121

[02 13}

[02 141

102.15}

[02 16}

[02 17}

[0218}

[112 19}

[02201

[0221]

[02221

3‘33H §51 103201130047179

3;:L11E1 ( luminometer; EG&G BERTHOLD, USA1i 553 913011 ‘3373 31%1‘1.

71 1EEE21 1L1; 111E E11Ea1x11 NEEE 1111121 1010 EE E 111 E21111 EEE 4d E EE91EE3E

11111 1112 11111121111 71913113 E291 E01 11131112111 4 1050 EE 2.1 1111012111.

)1
<1—3> IL—6011 212111 1153 STATS {17:12:51 76311123151 E a

0 111 E211o112o11 5x104 HIE/131E HepGZ HIEE EE—qu 1111017111011 80% 71E21711 11111E E, EE‘E 11114;

113331011371E 63171 11119131i 317191 7101 31EE 3013,1711 ‘1E31fiifi1.

11 Erfilfliflmflflfif};

21 (2:133 333(1136 20 ng/mfl) ‘3—1

3: 313133 4d i1E1iL(1, 3, 0,39, 10, 30 E12 100 11M)

01?— 20 ITg/mfi IL36§ 71113431051 103E321 131%31’ rl 40 #12 —%311 $31353v%°—11[pH 8, 20 111M TriS3HCl, 137 111M _\1aCl,

10% glycerol, 1% Triton X 100, 1 mM NaSVO4, 2 mM EDTA, 1 mM PMSF, 20 mM EE‘EEJUeupeptin), 20 Lag/111.9, 01

lifi‘flaprotonin); Sigma, USA]% 711% 31‘31 HIE-‘3; {3311313711 :‘r, 5:111:33 (13000g,151::B13104 133““ @451 33

01°O’E *‘E‘EE EE31‘3iE1 011111 A1E E‘ IL36E 716131K1°10E HepGZ HIEE EHEEQE A1131319111. E1

EEE 151:1: DC EEE 7111 71120310 Rad USA)E 011315131 X111513 10% 503 EE'1013E01U1312

(30511116111011 ENE“ EE 3:013101 30 11/101131 271171 EOE 117101133 3131111. dfl‘éE—OI E‘E E 6°] E1111”7'

PVDF 1111111113111Vestran S, pore size 02 mm; Whatman, USMEE 90 1131111 90E EOE 73111153131. 7141351

Eaflefl‘) Tri53 9(1'%3~%°1—1(T3TBS; 50 mM Tri3HCl, pH 7.6, 150 mM NaCl, 0.2 % Twccn320, 5% skim milk; Sigma,

1131110: 4 001111 122171 11:1612 TeTBSE 511d A11E31flr1. 5171 R‘flfiflll‘flofl EEEiflE phosph03

STAT31’1: 1000 43414 E1EEE 31211E 271171 E91 i1fi31ait1. T3TBSE' 5111, 11174 E 013131711E HRPE/EE 3113

311511 3(13fl1(1 5000 $141.13 1131213 1i‘1%?\1%1’1. T3TBS§ 711131531 (1% DBL/$101131 ECL 71E£Amersham, USAJE 013%

3101 EEE EEMEEL

1'

@1010]mg

1 E171, E 301111 HF1L1 H1511 E01 E E15319 3131”1 1 EEE P 11 0' 11-: STATS 6&1 '1 X131 EE E 1431111

2131.

 

<1—4> IL—6°11 91611 EEEJAKZer gpl30 LE3} 313113131781

1111112111011 80% 71331711 111E E, EEE 111x11:

JLE31O1 E711 611E 112161: 1117121 7:101 A1EE30EL11E1W31ZE1.J(I)
111; 111‘ E E 1111 E CPI x T \ 11E 1111 :1:2a) N g 111 11111 r-{m

118511
.9;

2: °J§E1EEULE6 20 ng/me); E1

3: ‘1EE 4d 1131:1(1, 3 0,39, 10, 30 E100 1111)

01—,3 20 ng/mf 1L36% 31E151C4 103r3‘1' 11%‘3’ $1 40 {2? %3H $1_3%3‘% ,11'[pH 8, 20 mM TriS3HCl, 137 mM ,\1aCl,

10% glycerol, 1% Triton X3100, 1 mM Na3VO4, 2 mM EDTA, 1 mM PMSF, 20 mM T313111 E1(leupeptin), 20 [lg/m1, 01-

Efiiflwprotonin)’ Sigma USA1% *1-(9333191 111$§ 3%311/‘1711 T 333193331 (13000g, 1553131301 E‘jfifl/F-‘Tol 33?

01°]: 51%Ofiua 31533193131 Cr17101 3J31AK2 3131191 anti3gp130§13111 Cell signaling, 1NC)% 7‘1—E331C4 117011

*1 123171 131%}‘1/11 fir, protein A/G plus agarose (Santa Cruz Biotechnology, USA): 31613173114 013111114

3'5? 7371113133 %3§3%°1—°—§ 3—1 £1131 33? 711/1011? NEE "1’383013‘5311. O1 LL11 1L36 '34 1E: 31401311 571313

H6962 ”11‘LE BEEP—i ”‘13? 31311313. $131qu 133E“: Bi03Rad DC protein assay kit-‘3: 0110 31301 “330131‘1131

8 % SDS3jolyacryl3amide gels (SDS3PAGE)0117~1 EEEE 1034111156131 30 1111101111 2,1171%111 67100115— 3191131.

21710ngo] J11/1 —} ge191 €1‘fl7‘E1E PVDF membrane (WeatranS, pore size 0.2 rumbli 90V°117~1 903131: ”5331' 7fi/‘1

Alfldr. 61711-311 membrane% Tri33buffered solution (T3TBS§ 50 mM Tri3HCl. pH 7.6, 150 mM NaCl, 0.2 %

Tween 20, 5% skim milk)i 41351711 121171— blocking31fl T TBSE 5‘31 711173—131fiq. O1 membranes°11 0317211301311E
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phosphofiyrnsine antibody (111000 dilutions, respectively)4°4 polyclonal antibodiesE 2*]741' %?_ 74:46]—

?le T4334: 53 A4444 4 044642444 HRPiconjucated antiimouse antibody {1:5000 dilutions)“; 1/424 144%

A4741; T4TBS§ 444245;; 44% 0443404424 ECL% 04%34cq %%% 5454A434q ;_L 7434, E 404424 L}E}fl' H49} 7EL

c4 4 4444444 446424 1 44444a 1L4 6 .44 4442 144 401304 44:4 44 44444 444442454.

<1-5> InsulinOi] 9413]] 494—EE adipogenesis°fl 1311?} 251-‘3% 4d94] £31]-

3T3L1 Ailié 24 $.11 HIE 1444004 7%?5440113041 C011f1u811ce’51'7i] $1710]

insulin, lmM dexamethasone, and 0 5 mM IBMthu $41,401:.l 8% EQ} %

*4 244§4% 34314. 0W4 4H:§4% UH/Aié “4847444 $§7ibi EJUH 4°41 IL6 Li

1434414 4441 14441 4444414944 IL 69} 446424 1; 53474443340104 X43424 444

4444.5 PBS? 44444643 P133044 3.7% iomaidchydcfl 447443 44°40? 34% A474

’3 ‘5] 334-141] ‘4 (cont :4 i ning‘ 5mg/ml

4 443444244 44444044444

1 7_L7I- Egg; jab—4.0;!

H1fl516q /1640104‘;]801_?'r_

4, 011 Red 0 dyc% 243404

E—

2 4.

4:r3r44Oi]

3:444444gr04
3l

CL] 1 A]?l'%‘?} fi'fl% @114. T3441 25 % isopropanol% 7S7}O}¢£i 74179431 finifigi Egfi}flfi}, :L 5?},

.4; 504 44444 494 7404, 4 444444 44644 194 444444 0441444: 04:44.24 “*15‘1(adii)0genesis)§ 4464—64

1476 s3 42 444454444148 14444444944
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9- 3‘53? M
«whim “ 

 

335$ ; 
 

 
Pvéfim

firs?" Cm xifimgfini

afiéfifimufisfii

Iii-I

is'yzsufii‘n {5} £n§as§iu {a} Ems-{3:1 139'} ~{x's‘sm‘fin (+3) mas-31in {+3
Elm? at}; 33141 {39‘} HAS {is Th6 {+1} HA (+3
«*5? {I} M {.3; 4H (5} AM {24} an: {<5}

RXQQQ\ 
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Elhllagraphie data: KR201 ’lfifltlTl79 {A} w fifi‘l‘lufifinflfi

New oxazeliain and indale campaunds, process for the preparation thereof anti
pharmaceutical oempesition comprising the same

|nventor(s):

Applicant(s):

Classification: - international: A61K31/404; A61P29/GO; (2370209126
- cooperative:

Application number: KR20110035774 20110418 Global Dessler

Priority number(s): KR20110035774 20110418

Also published as: KR101133759 gB‘i‘l

Abstrae‘i: 33f KR2311804?1?§ {A}

PURPOSE: A pharmaceutical composilion oonlainlng novel oxazolirline and indoie
compound, or pharmaceiiiieaily acceptable salt is provide-cl to suppress iL~6 or lL~‘i ‘l
signal transduction syslen’e and lo be used as an anlicanser ageni and anti»
inflammatory agent: CONSTETUTEQN: An indele eempeund is Clenoied by chemical
formula 1: A pharmaceuiioal composition for prevenling and irealing lnilammalow
diseases or cancer mntalns 00001—113 weighiif’o ef indeie cempeund alchemical

formula 1 or pharmaseulisally asseplabls sail. The ssmposliion is manufactured in the
formulation of pewciers, granules, lablels, capsules, suspensions, emulsions. syrups,
suppository, and exoipleni: The phennaeeuiieal composition is adminislsred by erel,
rectal or venous: muscular= subcutaneous or lntracerebrovenirloular injection.
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fiatent “anemia
Powered by ER} and Google 

Notice
This translation is machine-generated. It cannot be guaranteed that it is intelligible,

accurate, complete, reliable or fit for specific purposes. Critical decisions, such as

commercially relevant or financial decisions, should not be based on machine-

translation output.

DESCRIPTION KR201 10047179

TECHNICAL FIELD The present invention relates to a novel oxazolidine-based

compound and an indole-based compound, a process for preparing the same, and a

pharmaceutical composition containing the same.

[0001]

The present invention relates to novel anti-inflammatory and anticancer agents

containing synthetic compounds, oxazolidine-based compounds and indole-based

compounds, a method for their synthesis, or a pharmaceutically acceptable salt thereof

as an active ingredient.

[0002]

 Interleukin—6 (IL—6) is a cytokine, also called B cell stimulating factor 2 (BSEZ) or

interferon beta2 (INF-betaZ).

 14-6 has been found as a differentiator involved in the activation of 3 lymphocytes

({irano, T. et al., Nature (1986) 324, 73-76). It has since been shown to be a

multifunctional cytokine that affects various cell functions (Akira, S. et al., /\dv. ln

 

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—201 8 1
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protein gp130 having a molecular weight of about 130 kl), 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 and this 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 STATB binds to each other in the cytoplasm to form a

homo- or hetero-dimer, enters the nucleus, binds to the recognition sequence of the

target gene, and increases transcription ( Levy, DE, et al., Nat Rev Mol Cell Biol, 2002,

3, 651-62, Darnell, .IE, Jr., Science, 1997, 277, 1630-1635).

[0003]

Such IL-6-mediated signaling pathways have been reported to be associated with

inflammatory diseases and various cancers, and thus inhibition of the IL-6-mediated

signaling pathway is therapeutically useful. Currently, anti-IL-6 R antibodies are the

most studied for inhibitory function of lL-6 signal transduction system. This anti-IL-6

R antibody has been reported to inhibit synovial cell growth against rheumatoid arthritis

(International Patent Publication No. 98/11020), and has been shown to be effective in

the treatment of proliferative diseases such as transgene hypermethylation,

hyperimmunoglobulinemia, anemia, nephritis, cacheXia, rheumatoid arthritis, (See WO

96/12503), in the treatment of diseases that contribute to IL—6 products such as cattle

disease, cattle disease, and angina pectoris. It has also been described in the

prophylactic / protective agent for susceptible T cell related diseases such as multiple

sclerosis, uveitis, chronic thyroiditis, delayed hypersensitivity, contact dermatitis and

atopic dermatitis (VVIO 98/42377) (International Patent Publication No. 98/42377). In

addition, in a report describing a therapeutic agent for Crohn's disease (International

Patent Publication No. 99/47170), its active ingredient was an anti-IL-6R antibody.

Patents describing therapeutic agents for pancreatitis have also been reported as active

ingredients (WO 00/106507) and in International Jatent Jublication No. 02/3492, which

describes a therapeutic agent for psoriasis, the active ingredient is anti-IL-6R Lt; / RTI

& gt: In addition, in W() 02/080969, which describes a therapeutic agent for

inflammatory idiopathic atrophy, its active ingredient is an anti-IL-6R antibody.

 

  

However, these proteins may have epitopes that can be recognized as foreign proteins

and may still be immunogenic when used as therapeutic agents. However, small

molecule compounds that are not proteins have not been recognized by these immune
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systems, and many studies have been made.

[0004]

In addition, the IL-6 signaling pathway associated with cancer is much related to its

intermediate mediator, STATS. It has been reported to be involved in various types of

cancer, including myeloma, breast, prostate, brain, head and neck carcinoma, melanoma,

leukemia and lymphoma, especially chronic myelogenous leukemia and multiple myeloma

(Niu et al., Cancer Res. , 1999, 59, 5059-5063). Cells derived from both mouse and

human prostate cancer have been found to have structurally activated STATS, and

STATS has been shown to have some acute leukemia (Gouilleux-Gruart, V. Back, Leuk.

Lymphoma, 1997, 28, 83-88) and T cell lymphoma (Yu, C.L. Et al., J. Immunol.. 1997,

159, 5206-5210). Interestingly. STATS has been shown to be structurally

phosphorylated on serine residues in chronic lymphocytic leukemia (Frank, D. A., et al.,

J. Clin. Invest., 1997,100, 3140-3148). STATS has been found to be structurally active

in myeloma tumor cells, both in bone marrow mononuclear cells and in cultures from

patients with multiple myeloma. These cells are resistant to Pas-mediated cell death

 and express high levels of :Scl-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, lL-G is secreted and lL-G

is eliminated ideally in cancer patients induced by Ras, including pancreatic cancer. In

addition, tumor growth and angiogenesis caused by Ras are suppressed and tumor size

is reduced (Brooke Ancrile et al., Gene & Development, 2007, 21, 1714-1719,). In

addition, IL-6-induced gp1S0 / JAK / STATS pathway is emerging as a new target 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 (IL-11), an inflammatory cytokine belonging to the [14-6 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 gplSO to promote gastric

cancer, colon cancer cell proliferation and cancer invasion (Nakayama T et al., 2007, SO.
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8‘ 5-833, Ernst et al. Have shown that the smad7 is activated by the IL-ll / StatB

signal and the smad activator that induces the TGFLfi signal is blocked at the same time.

Therefore, the oncogenic program (antiapoptotic gene, proangiogenic gene, proliferative

gene) has been activated to induce inflammatory gastric tumors (Ernst et al., J. Clin.

Invest 2008, 118 (5), 1728-1738). Therefore, the gp130 / JAK / STATS pathway by

lL-11 is emerging as a new target for chemotherapy.

[0006]

Thus, the present inventors have searched lL-6 and lL-11-induced inhibitors of the

signal transduction system from organic synthesis samples and found that the newly

synthesized oxazolidine-based and indole-based compounds inhibit lL-6 and lL-11

And thus it is useful as an agent for the treatment of inflammatory diseases and cancer,

thereby completing the present invention.

One object of the present invention is to provide a novel oxazolidine-based, indole-

based compound, or a pharmaceutically acceptable salt thereof.

It is another object of the present invention to provide a pharmaceutical composition for

the prophylaxis and treatment of inflammatory diseases or cancer, which comprises the

novel compound or a pharmaceutically acceptable salt thereof.

Hereinafter, the present invention will be described in detail. In one aspect, the present

invention relates to an oxazolidine—based compound represented by the following

general formula (1)3 or a pharmaceutically acceptable salt thereof. VVherein R & lt; 1 &

gt; is hydrogen or straight chain, branched chain or cycloalkyl of (21-10, 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 (31-10, or substituted or unsubstituted benzyl, or R3 and R4 together

form cyclohexene. More preferably, R1 is isopropyl or benzyl; R2 is (31-5 straight

chain, branched or cycloalkyl; R3 is hydrogen; And R4 is C1, C4-7 alkyl, isopropyl, or

benzyl, or R3 and R4 together form cyclohexene. Preferred examples of the compound

of the formula (1) of the present invention are as follows: 1) (8) -3 - ((28, 38) -3-

hydroxy-2,4-dimethylpent- 4-isopropyloxazolidin-2—one (4a), 2) (8) —3 — ((28,

38) —3—hydroxy— (48) —3 — ((28, 38) -3-hydroxy-2-methyl-4-

methyleneoctanoyl) —4-isopropyloxazoli (48) -3-hydroxy-2-methyl-4-

methylenenanoyl) -4-isopropyloxazolidin-2 -one (4d), 5) (S) —3 — ((28, 88) —3-
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Hydroxy-2- methyl-4-methylenedecanoyl) -4- isopropyloxazolidin- Methyl-4-

methylene undecanoyl) -4-isopropyloxazolidin-2-one (4f). 7 (7S) —3—hydroxy— (4

g), 8 & 1t; R11 1D = 0.0 & gt; (3—hydroxy— ) (S) —3 — ((2S, 3S) —3—cyclohexenyl-

3-hydroxy-2-methylpropanoy1) —4- 2-one (4h), 9) (R) —3 — ((2R, 3R) —3-

hydroxy-2- methyl-4-methylenonanoy1) —4-isopropyloxazoli Methyl-4-

methylenonanoyl) oxazolidin-2-one (5), 10) Methyl-4-methylenonanoyl) oxazolidin-

2-one (7b), 11) (S) , And 12) (S) —3 - ((2S, 3R) -3-hydroxy-2-methylnonanoyl) -

4-isopropyloxazolidin-2-one (9).

Corrpounds R1R442'3'4aC11 (C113) 2C113SSS4bC11 (C113) 2C11 (C113) 2SSS4cC11 (C113)

2C4 {9SSS4dCP (CH3) 2C5H11SSS4eCH (CH3) 2C6H13SSS4fCH (CH3)

2C7{1BSSS4gCH (CH3) 2benzylSSS4hCH (CH3) 21-CyclohexeneSSSSCH )

2RR7abenzle5{11SSS7bbenzle5H1lSRSQCH (CH3) 2C6H15SSR The oxazolidine

compound of the formula (1) of the present invention can be used in the form of a

  
pharmaceutically acceptable salt, and includes all salts, hydrates and solvates prepared

by a conventional method. Salts are useful as acid addition salts formed by

pharmaceutically acceptable free acids. As the free acid, inorganic and organic acids can

be used. As the inorganic acid, hydrochloric acid, bromic acid, sulfuric acid, phosphoric

acid and the like can be used. As the organic acid, citric acid, acetic acid. lactic acid,

tartaric acid, fumaric acid, formic acid, Sulfonic acid, 4-nitrobenzenesulfonic acid, 4-

toluenesulfonic acid, 4-toluenesulfonic acid, 4-nitrobenzenesulfonic acid,

benzenesulfonic acid, maleic acid, benzoic acid, gluconic acid, glycolic acid, Glutaric acid,

embossic acid, glutamic acid, and aspartic acid. 1n another aspect, the present invention

relates to an indole compound represented by the following formula (2) or a

pharmaceutically acceptable salt thereof. Wherein R & 1t; 1 & gt; is hydrogen or

substituted or unsubstituted C1—1O 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 Cl -10, or substituted or unsubstituted benzyl; X is

hydrogen, halogen, hydroxy, methoxy, substituted or unsubstituted C1-1O alkyl; Y is

hydrogen or oxygen; Z is hydroxy, C1-1O alkoxy, -OCOCH3 or oxygen; The above is a

single or double bond.

More preferably, R1 is hydroxyethyl or tert-butyldimethylsilyloxyethyl; R2 is C1-5

straight chain, branched or cycloalkyl; R3 is hydrogen; R4 is hydrogen or straight chain,

branched or cyclic alkyl of C1-5; X is hydrogen, halogen, hydroxy, methoxy, substituted

or unsubstituted alkyl; Y is hydrogen or oxygen; Z is hydroxy, C1-5 alkoxy, -OCOCH3

or oxygen; And the above is a single or double bond. (2S, 3S) —1— (3— (2— (tert-

butyldimethylsilyloxy) ethyl) indolin-l—yl) (13a), 2) (28, 3S) —1— (3— (2— (tert-
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butyldimethylsilyloxy) ethyl) indoline (2S, 3S) -1- (3- (2- (tert-butyldimethylsilyl)

-1- 4-methylene-1-oxonan-3-yl acetate (15a), 4) (28, BS) —1— (15b), 5) (28, BS)

-1— (3-methoxybenzyl) -1,3-dihydro- Methyl-4-methylenenonan-1—one (16a), 6)

(2S, (16b), ‘7) (2R (3R) —3—hydroxy-1- , BS) —1— (3— (2— (tert-

butyldimethylsilyloxy) ethyl) indolin-1-yl) —2—methyl- 8-01 (17a), 8) (2R, SS) —1-

(3- (2- (tert- butyldimethylsilyloxy) ethyl) (2R, 3S) -1- (3- (2-hydroxyethyl) -

1H-indol-1-yl) -2-methyl- (18b), 10) (2S, 3S) -3-Hydroxy-1- (3- (2-

hydroxyethyl) indolin- (13b), 11) (25, BS) -1- (3- (2-Hydroxyethyl) indolin-l-yl)

-2- methyl- Acetate (14b) and 12) (2R, BS) —1— (3— (2—Hydroxyethyl) indolin-1-

yl) —2-methyl-4-methylenenan-3-ol (17b).

Compound R 1 Y2 lndole derivative bond 13a (CH2) 2-OTBSOH Single bond 14a (CH2)

2-OTBSOOCOCH3 Single bond 15a (CH2) 2-OTBSOOCOCH3 Double bond 15b (CH2)

2-()H()()C()CH3 Double bond 16a (CH 2) 2 -()HHH double bond 13b (CH 2) 2 -()H()H

double bond 17a (CH 2) 2-OTBSHH single bond 18a (CH 2) -OHOOCOCH3 single bond

17b (CH2) 2-OHHH single bond The indole compound of formula (2) of the present

invention can be used in the form of a pharmaceutically acceptable salt, and all salts,

hydrates and solvates . Salts are useful as acid addition salts formed by

pharmaceutically acceptable free acids. As the free acid, inorganic and organic acids can

be used. As the inorganic acid, hydrochloric acid, bromic acid, sulfuric acid, phosphoric

acid and the like can be used. As the organic acid, citric acid, acetic acid, lactic acid,

tartaric acid, fumaric acid, formic acid, Sulfonic acid, 4-nitrobenzenesulfonic acid, 4-

toluenesulfonic acid, 4-toluenesulfonic acid, 4-nitrobenzenesulfonic acid,

benzenesulfonic acid, maleic acid, benzoic acid, gluconic acid, glycolic acid, Glutaric acid,

embossic acid, glutamic acid, and aspartic acid. Reaction Scheme 1 Reaction Scheme 8

Reaction Scheme 4 Reaction Scheme 6 Reaction Scheme 7 Reaction Scheme 9 Reaction

Scheme 10 The above reactions or all the reactions after completion of the reaction The

product can be isolated and purified by conventional post treatment methods such as

chromatography, recrystallization and the like. The isopropyloxazolidine compound of

the present invention represented by the formula (1) and the indole compound

represented by the formula (2) can be synthesized by a synthetic method and can be

obtained by any conventional method, and commercially available reagents can be used.

In another aspect, the present invention relates to a pharmaceutical composition for the

prophylaxis and treatment of inflammatory diseases or cancer, which comprises the

compound of formula (1) or (1) 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 lL-6 or lL-11, and thus are useful

for the treatment of diseases mediated by lL-6 or lL-11, in particular inflammatory
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diseases or cancer diseases There is an excellent effect on prevention. Wherein said

inflammatory disease is selected from the group consisting of rheumatoid arthritis,

osteoporosis, transglottial hyperplasia, hyperimmunoglobulinemia, anemia, nephritis,

cachexia, climacteric disease, angiostatic nephritis, multiple sclerosis, uveitis, chronic

thyroiditis, delayed hypersensitivity, contact dermatitis atopic dermatitis, Including but

not limited to all inflammatory diseases mediated by lL-6 or lL-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 1176 or ll.-l l. 'l‘he pharmaceutical composition of

the present invention may contain 0.0001 to 10% by weight, preferably 0.001 to 1% by

weight of the above compound, based on the total weight of the composition. In addition,

the composition comprising the oxazolidine compound of the present invention and the

indole compound (Formula 2) may further include an appropriate carrier, excipient, and

diluent commonly used in the production of a pharmaceutical composition. The

pharmaceutical dosage form of the oxazolidine compound of the present invention

represented by the formula (1) and the indole compound of the formula (2) may be used

in the form of a pharmaceutically acceptable salt thereof, and may be used alone or in

combination with another pharmacologically active compound It can also be used as an

appropriate set. The composition comprising the oxazolidine compound according to the

present invention and the compound represented by the formula (2), which is an indole

compound, can be administered orally or parenterally in the form of powders, granules,

tablets, capsules, suspensions, emulsions, syrups, Formulation, external preparation,

suppository, and sterile injection solution.

Examples of carriers, excipients and diluents that can be included in the composition

containing the extract include lactose, dextrose, sucrose, sorbitol, mannitol, xylitol,

erythritol, maltitol, starch, acacia rubber, alginate, gelatin, calcium phosphate, calcium

silicate , Cellulose, methylcellulose, microcrystalline cellulose, polyvinylpyrrolidone,

water, methylhydroxybenzoate, propylhydroxybenzoate, talc, magnesium stearate and

mineral oil. In the case of formulation, a diluent or excipient such as a commonly used

filler, an extender, a binder, a wetting agent, a disintegrant, a surfactant or the like is

used. Solid formulations for oral administration include tablets, pills, powders, granules,

capsules and the like, which may contain at least one excipient such as starch, calcium

carbonate, sucrose, (sucrose), lactose, gelatin and the like. In addition to simple
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excipients, lubricants such as magnesium stearate and talc are also used. Liquid

preparations for oral use may include various excipients such as wetting agents,

sweeteners, fragrances, preservatives, etc. in addition to water and liquid paraffin, which

are simple diluents commonly used in suspension, liquid solutions, emulsions and syrups

have. Formulations for parenteral administration include sterile aqueous solutions, non-

aqueous solutions, suspensions, emulsions, freeze-dried preparations, and

suppositories. Examples of the suspending agent include propylene glycol, polyethylene

glycol, vegetable oil such as olive oil, injectable ester such as ethyl oleate, and the like.

As the base of suppositories, witepsol, macrogol, tween 61, cacao paper, laurin,

glycerogelatin and the like can be used. The preferable dose of the oxazolidine

compound of the present invention represented by formula (1) and the indole compound

of formula (2) varies depending on the condition and body weight of the patient, degree

of disease, drug form, route of administration and period of time, Can be.

However, for the desired effect, the extract or the compound of the present invention is

preferably administered at 0.0001 to 100 mg / kg, preferably 0.001 to 100 mg / kg per

day. The administration may be carried out once a day or divided into several times. In

addition, the pharmaceutical composition of the present invention can be administered to

mammals such as rats, mice, livestock, and humans in various routes. All modes of

administration may be expected, for example, by oral, rectal or intravenous,

intramuscular, subcutaneous, intra-uterine or intracerebroventricular injections.

INDUSTRIAL APPLICABILITY As described above, the present invention relates to an

oxazolidine-based compound or an indole-based compound represented by the formula

 

(I) or a pharmaceutically acceptable salt thereof, which has the inhibitory activity of a

signal transduction system induced by IL-6 and IL- Or a composition comprising the

same, wherein the c<:>mp(:)siti(:>n is used for the treatment and / or prophylaxis of

rheumatoid arthritis, osteoporosis, transglottial hyperplasia, hyperimmunoglobulinemia,

anemia, nephritis, cachexia, cattle disease, angioplasty nephritis, multiple sclerosis,

uveitis, chronic thyroiditis, Inflammatory diseases including atopic dermatitis, systemic

lupus erythematosus, Crohn's disease, pancreatitis, psoriasis, inflammatory idiopathic

diabetes mellitus, diabetes mellitus and Alzheimer's disease and inflammatory diseases

including pancreatic cancer, breast cancer, prostate cancer, brain tumor, head and neck

carcinoma, melanoma, myeloma, Lymphoma, liver cancer, stomach cancer, colon cancer,

bone cancer, uterine cancer, ovarian cancer, rectal cancer, esophageal cancer, small

intestine cancer, A medicament for the prophylaxis and treatment of cancers including

endometrial carcinoma, cervical carcinoma, vaginal carcinoma, vulvar carcinoma,

Hodgkin's disease, bladder cancer, kidney cancer, ureter cancer, kidney cell carcinoma,

renal pelvic carcinoma and central nervous system tumor Can be usefully used.
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 [0082] BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a graph showing the IC50

of the inhibitory activity of luciferase induced by isopropyloxazolidine-based compound

and indole-based compound to IL-6 in HepG2 cells. FIG. 2 is a graph showing the

inhibitory activity of luciIerase, 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 11,-6-induced STATB

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 IL-6-induced JAKZ and gp130 phosphorylation-inhibiting activity

in U266 cells according to the present invention, wherein the isopropyloxazolidine-

based compound represented by Chemical Formula 4d. FIG. 5 is a graph showing the

activity of the isopropyloxazolidine-based compound represented by Chemical Formula

4d according to the present invention to restore the 1176 effect inhibiting insulin-

induced adipogenesis in 3T3L1 cells.

[0083] Hereinafter, preferred embodiments of the present invention will be described in

order to facilitate understanding of the present invention. However. the following

examples are provided only for the purpose of easier understanding of the present

invention. and the present invention is not limited by the examples.

[0084] EXAMPLES Synthesis of Compounds Represented by Formulas (1) and (2)

[0085] & Lt; Example I & gt;

[0087] 3Methyl-2-methylenebutanal & lt: /RTI & gt; (2b)

[0088] 1 (440 mg, 50 mmol, 0.93 eq) and a dimethylamine hydrochloride solution

(0.434 ml, 58 mmol, 1 eq, 37%) and an aqueous solution of dimethylamine hydrochloride

were added at 70 [deg] C to 500 mg (58 mmol, 1 eq) C for 48 hours. The completion of

the reaction was confirmed by TLC. /\fter confirming that all the compounds became 2b,

water was added to quench the reaction. and diethylether was added to separate the

organic layer. The organic layer was dried over anhydrous magnesium sulfate and

concentrated to give yellow liquid material 2b (44-62%). The reaction was immediately

stirred without any column.
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[0089] 1(1H, s, -C = CH? H?), 5.94 (1H, s, —C = CH? H7), 2.78 -CH (CH3) 2), 1.07

(611, d, J = 6.8112, -C11 (C113)

 [0090] 2- Dreparation of methylene hexanal (2c)

[0091] Using the same method as above, 2C (44-62%) of yellow liquid material was

obtained.

[0092] 1(1H, s, -C = CHQHB), 5.98 (1H, s, -C CH.alpha.H.beta.), 2.23 (2H, t, J =

7.3 Hz, -CH2CH2CH2CH3). 1.35-1.30 (4H, m. -CH2CH2CH2CH3). 0.90 (3H, t, .I =

7.3HZ, -CH2CH2CH2CH3)

[0093] 2- & 1t; / RTl & gt; methyleneheptanal (2d)

[0094] Using the same method as above, 2d (44-62%) of yellow liquid material was

obtained.

[0095] 1(1H, s, -C = CHOLHB), 5.97 (1H, s, —C = CHOLHB), 2.21 (2H, t, J = 7.8HZ,

-CH2CH2CH2CH2CH3), 1.31—1.25 (6H, m, —CH2CH2CH2CH2CH3), 0.87 (3H, t, J =

6.8Hz, -CH2CH2CH2CH2CH3)

[0096] 2— & 1t; /RT1 & gt; methylene oetanal (20)

[0097] Using the same method as above, 2e (65%) of yellow liquid material was

obtained.

[0098] 1(1H, s, -C = CHdHLfi). 5.97 (1H, s, -C = CHOLHlfi), 2.21 (2H, t, .1 = 7.8HZ,

-CH2CH2CH2CH2CH2CH3), 1.31-1.25 (8H, m, —CH2CH2CH2CH2CH2CH3), 0.87

(311, t, J = 6.8112, -C112C112C112C112C112C113)
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[0099] 2— & 1t; /RTl & gti, methylenenol (2f)

[0100] Using the same method as above, 2f (44-62%) of yellow liquid material was

obtained.

[0101] 1(1H, s, -C = CHOLHE), 5.98 (1H, s, -C = CHqu), 2.22 (2H, t, M, -CH2

(CH2) 4CH2CH3), 0.87 (3H, t, J = 7.3 HZ, = 6.8 HZ, -CH2 (CH2) 4CH2CH3).

[0102] 2- benzyl aerylidihydrate (2 g)

[0103] Using the same method as above, 2 g (51%) of a yellow liquid material was

obtained.

[0104] 1(1H, s, -CH = H), 6.01 (1H, s, , -C? CH? H7), 3.50 (2H, s, Ar—CH2C = CH2).

[0105] & Lt; Example 2 & gt;

[0107] Preparation of (S) —3 — ((28, 3S) —3—hydroxy—2,4-dimethylpent—4-enoyl)

-4- isopropyloxazolidin-

[0108] (R) — (+) 4-isopropyl-3-propynol-2-oxazolidinone 3a (100 mg, 0.541 mmol,

1 eq) dissolved in dichloromethane (1.1 ml) was ice-cooled in an ice water bath (596,

0.596 mmo) and diisopropylethylamine (90.6, 0.650 mmol, 1.2 eq) dissolved in 1 M

dichloromethane were slowly added dropwise and stirred at the same temperature for

50 minutes . The stirred reaction mixture was cooled at -78 [deg] C [or 10 minutes,

and then methyl aerolein 2a (59.0, 0.704 mmol) dissolved in diehl(:)r(:)methane (0.70 ml)

was stirred at -78 [deg.] C for 30 minutes. Then, the mixture was ice-cooled again in

an ice water bath and stirred for 1 hour. Then, pH 7.0 phosphate (1.2 ml), methanol (1.1

ml), aqueous 30% wt hydrogen peroxide aqueous solution (0.6 ml) The reaction is

stopped in order to stop the reaction. The mixture was further stirred in an ice water

bath for 1 hour, and then dichloromethane and water were added to separate the organic
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layer. The separated organic layer was washed with an aqueous solution of sodium

chloride, dried over anhydrous magnesium sulfate and concentrated. The obtained

residue was subjected to silica gel column chromatography (18% n-hexanel ethyl

acetate) to separate the material and dry to obtain yellow liquid material 4a (68 mg,

49%).

[0109] 1(1H, m, -()CH? H? CHN), 4.40 (1H, brs, Dd, .l = 9.3, 2.9 Hz, -()CH? H? CHN),

3.97 (1H, dq, J = 7.3 , 2.9 HZ, -CH (CH3) CH (OH) —), 3.11 (1H, brs, J = 2.4 HZ, -

OH), 2.39—2.32 , 3H, —C (= CH) CH3), 1.18 (3H, d, J = 6.8HZ, —CH (CH3) CH (OH) )

2), 0.89 (3H, d, J = 6.8112, —CH (CH3) 2).

[0110] Preparation of (S) —3— ((28, 3S) -3-hydroxy-2,5-dimethyl-4-

methylenehexanoyl) -4-isopropyloxazolidin-

[0111] Using the same method as above, 4b (43%) of a yellow liquid material was

obtained.

[0112] 1(1H, s, -C = CH? H‘?), 4.48 (1H. m, -OCH? H? CHN), 4.46 Dq, .l = 6.8 (1H, d,

J = 9.2, 2.9 Hz, -OCH? H? CHN), 4.96 (1H, dd, J = 17.1, 8.3 Hz, lVl, —CH (CH3) 2),

2.18—2.13 (1H. m, & 1t; RTI ID = (3H, d, J = 6.3 HZ, —C (= CH) CH (CH3) 2), 1.19 CH

(CH3) 2), 0.93 (3H, d, J = 6.8112, —CH (CH3) 2), 0.89 (3H, d, J = 7.3 HZ, —CH (CH3)

2).

[0113] Preparation of (S) —3— ((25, 3S) -3-hydr(:)Xy-2-methyl-4-

methyleneoctanoyl) -4-isopropyloxa7ol idin-

[0114] Using the same method as above, 4c (16%) of a yellow liquid material was

obtained.

[0115] NW, -()CH‘? H? CHl\), 4.41 (1H, brs, 1H), 4.97 (1H, -CH (()H)), 4.28 (1h, dd, J

= 176,92 Hz, -OCH? H? CJN), 4.22 (1H, dd, J = 9.3, 2.9 Hz, , 2.9 Hz, -CH (CP3) CH

(OH) —), 3.13 (1H, brs, -OP), 2.38-2.33 (2H, m, -C (= CH) CH2CH2CH2CH3), 1.17

(3H, d, J = 6.8 CH (011) —), 0.91 (3H, d, J = 6.8112, —CH (CH3) 2), 0.87 (3H, d, J =

7.3Hz, ), 0.86 (3H, d, J = 7.3HZ, -CH (CH3) 2), 0.85 (3H, t, J = 5.6Hz, —C (= CH)
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CH2CH2CH2CH3).

101161 Preparation of (S) —3— ((28, 3S) -3-hydroxy-2-methyl-4-

methylenonanoyl) —4-isopropyloxazolidin-

[0117] Using the same method as above, 4d (84%) of yellow liquid material was

obtained.

l0118l 1(1H, s, -C = CH? H?), 4.50—4.47 (1H, m, —OCH? H? CHN). 4.42 Dq, J = 9.3,

2.9 Hz, -OCH? H? CHN), 3.95 (1H, d, J = (1H, m, -CH (CH3) 2), 2.04-1.90 (2H, m)

M, -C (= CH) CH2CH2CH2CH2CH3), 1.18 (3H, d, CH3CH2CH2CH3) J = 7.3 Hz, -CH

(CH3) CH (OH) —). 0.93 (3H, d. .I = 7.1 Hz, -CH (CH3) CH3) 2), 0.88 (3H, t, .l = 5.4

Hz, -C (= CH) CH2CH2CH2CH2CH3).

[0119] Preparation of (S) —3— ((28, 3S) -3-hydroxy-2-methyl-4-

methylenedecanoyl) —4-isopropyloxazolidin-

[0120] 4e (87%) of a yellow liquid material was obtained using the same method as

above.

l0121l 1(1H, s, —C = CH? H?), 4.50—4.47 (1H, m, —OCH? H? CJN). 4.42 dd, J = 9.3,

2.9 Hz, -OCH? H? CHN), 3.95 (1H, dq, J = (1H, m, -CH (CH3) 2), 2.04-1.90 (2H, m,

-C (= CH) CH2CH2CH2CH2CH2CH3), 1.18 (3H, d, D, .l = 7.1 kz, -CH (CH3) 2). 0.98

(3H, d, J = (CH3) 2), 0.88 (3H, t, J = 5.4 Hz, -C (= CH) CH2CH2CH2CH2CH2CH3).

 

[0122] Preparation of (S) —3 — ((28, 3S) -3-hydroxy-2-methyl-4-methylene

undeeanoyl) —4- isopropyloxazolidin-

[0123] Using the same method as above, 4f (41%) of a yellow liquid material was

obtained.

l0124l 1(1H, m, -OCH? H? CHN), 4.42 (1H, s, -C = CH? H?), dd, J = 9.1, 3.1 HZ, —
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OCH? H? CHN), 3.95 (1H, dq, .l = M, -CH (CH3) 2), 1.95 (2H, m, & lt: RT] 11) = M, -C

(= CH) CH2 (CH2) 5CH3), 1.18 (3H, d, J = 7.1 HZ, -CH (CH3) CH (OH) —), 0.93 (3H,

d, J = 7.0 HZ, —CH (CH3) 2), 0.89 (3H, d, J = 6.72 HZ, , = 5.8 HZ, —C (= CH) CH2

(CH2) 5Cll3).

[0125] Preparation of (S) -3 - ((28, 3S) —4-benzyl-3-hydroxy-2-methylpent-4-

enoyl) —4- isopropyloxazolidin-

[0126] Using the same method as above, 4 g (72%) of a yellow liquid material were

obtained.

[0127] 1(1H, s, -C = CHOLHD), 4.42-4.41 (1H. m, (1H. d. .l = 9.0, 8. 3 Hz. -()CH‘? H?

CJN), 4.19 (1H, dd, J = 9.0, 3.2 HZ, -OCH‘? H? CHN), 4.01 (3H, dq, J = 7.1, 3.0 HZ, -

Cd (CH3) M, —CH (CH3) 2), 3.10 (1H, brs, —OH), 2.35—2.29 , 1.22 (3H, d, J = 7.1HZ,

—Cll (CH3) Cll (OH) —), 0.91 = 6.8 HZ, —Cll (CH3) 2).

 

[0128] & Lt; Example 3 & gt;

[0130] (R) — (+) 4-isopropyl-3-propynol-2-oxazolidinone 3a (100 mg, 0.541 mmol,

1 eq) dissolved in dichloromethane (1.5 ml) was ice-cooled in an ice water bath (596,

0.596 mmo) and diisopropylethylamine (90.6, 0.650 mmol, 1.2 eq) dissolved in 1 M

dichloromethane were slowly added dropwise and the mixture was stirred at the same

temperature for 50 minutes Lt; /RTl & gt; The stirred reaction mixture was cooled at -

78 ° C for 10 minutes, then 1-cyclohexenecarboxylic aldehyde 211 (92.25, 0.81 mmol)

dissolved in dichloromethane (0.70 ml) was added dropwise at -78 ° C for 30 minutes

Lt; /RTI & gt; Then, the mixture was ice-cooled again in an ice water bath and stirred

for 1 hour. Then, pH 7.0 phosphate (1.2 ml), methanol (1.1 ml), aqueous 30% wt

hydrogen peroxide aqueous solution (0.6 ml) The reaction is stopped in order to stop

the reaction. The mixture was further stirred in an ice water bath for 1 hour, and then

dichloromethane and water were added to separate the organic layer. The separated

organic layer was washed with an aqueous solution of sodium chloride, dried over

anhydrous magnesium sulfate and concentrated. The resulting residue was subjected to

silica gel column chromatography (18% n-hexanei ethyl acetate) to isolate the material

and dry to obtain yellow liquid material 4h (22.3 mg, 14.8%).
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[0131] 1 1 H-l\MR (CDC13, 500 MHZ)? 5.81 (1H, t, .l = 3. 4 (1H, d, .l = 17.4, 9.0 Hz,

-OCH? H‘? CHN), 4.40 , 2.93 (1H, brs, —), 4.22 (1H, dd, J = 9.3, 2.9 HZ, -OCH? H‘?

CHN), 3.95 (1H, dq, J = 7.3, 2.9 HZ, M, —Cyclo (CH 2)), 1.927 (2H, t, J = 17.60 HZ, —

Cyclo (CH 2) ), 1.67—1.55 (4H, m, —Cyclo (CH2CH2), 1.18 (3H, d, J = 7.3 HZ, —CH

(CH3) 2), 0.88 (3H, d, J = 7.1 HZ, —CH (CH3) 2).

[0132] & l,t2 Example 4 & gt:

[0134] 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; /RTl & gt; The stirred

reaction mixture was cooled at -78 ° C for 10 minutes, and 2-methyleneheptal 2d

(68.14, 1.07 mmol) dissolved in dichloromethane (0.70 ml) was stirred at 78 ° C for 30

minutes. Then, the mixture was ice-cooled again in an ice water bath and stirred for 1

hour. Then, pH 7.0 phosphate (0.1 ml), methanol (0.2 ml), aqueous 30% wt hydrogen

peroxide aqueous solution (0.2 ml) The reaction is stopped in order to stop the reaction.

The mixture was further stirred in an ice water bath [or 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-hexanei ethyl acetate) to isolate the material

and dry to obtain yellow liquid material 5 (146.3 mg, 87.2%).

[0135] 1(1H, s, -C = CH? H2), 4.50-4.47 (1H, m, -OCH? H? CHN), 4.42 dd, J = 9.3,

2.9 Hz, -OCH‘? H”? CHN), 3.95 (1H, dq, .l = (1H, m, -CH (CH3) 2). 2.04-1.90 (2H, m,

-C (= CH) CH2CH2CH2CH2CH3), 1.18 (3H, d, D, J = 7.1 Hz, -CH (CH3) 2), 0.98

(3H, d, J = (CH3) 2), 0.88 (3H, t. J = 5.4 HZ, —C (= CH) CH2CH2CH2CH2CH3).

[01361 & Lt; Example 5 & gt;

[0138] 4-benzyl-3-propionyloxazolidin-2-one 6 (100 mg, 0.43 mmol, 1 eq)

dissolved in dichloromethane (1.5 ml) was ice-cooled in an ice water bath, Dibutylboron

trifluoromethane sulphonate (515, 0.51 mmol) and diisopropylethylamine (104, 0.60

mmol, 1.4 eq) dissolved in dichloromethane were slowly added dropwise and stirred at

the same temperature for 50 minutes. The stirred reaction mixture was cooled at -78
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° C for 10 minutes, and 2-methyleneheptal 2d (68.14, 1.07 mmol) dissolved in

dichloromethane (0.70 ml) was stirred at 78 ° C for 30 minutes. Then, the mixture was

ice-cooled again in an ice water bath and stirred for 1 hour. Then, pH 7.0 phosphate

(0.1 m1), 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 [or 1 hour, and then dichloromethane and water were added

to separate the organic layer. The separated organic layer was washed with an aqueous

solution of sodium chloride, dried over anhydrous magnesium sulfate and concentrated.

The obtained residue was separated and dried by silica gel column chromatography

(18% n-hexanei ethyl acetate) to obtain yellow liquid material 7a (105 mg, 68%).

[0139] 1(2H, m, Ar-H), 5.19 &lt;RT11D = 0.0 & gt; (1H, s, -C = CH? H?), 5.00 (1H,

s, -C = CH? H?), 4.74-4.69 (1H, m, -OCH? H? CHN) (1H, m, 7311CH2—). 3.96 (1H, dd,

.l=10.2,3.4 Hz, -()CH.alpha.H.beta.CHN). 3.27 (1H, dd, J = 13.2, 3.4 Hz, ), 2.81 (14,

d, J = 13.2, 9.2 HZ. -CH (CH3) m, -C (= CH) CH2 (CH2) 2CH2CH3). 1.32 (4H, in, C1

(CH2) 2CH2CH3). 0.90 (3H, t, J = 6.8Hz,

 

 

[01401 The residue obtained in Example 5 was subjected to silica gel column

chromatography (18% n-hexanei ethyl acetate) to obtain 7a, and then (7%) (21 mg,

14%) in (12% n-hexanei ethyl acetate).

10141J 1(2H, m, Ar—ll), 7.30—7.27 (1H, m, Ar—ll), 7.22—7.21 , 5.19 (1H, s, —C = CH?

H2). 5.00 (1H, s, —C? CH? H7), 4.74—4.59 (2H, m, PhCH2—), 3.95 (1H, dd, J = 10.2,

34 H2, -OCH.alpha.H.beta.CHN), 3.27 (1H, dd, J = 13.7, 3.5 Hz, —

OCH.alpha.H.beta.CHN) (CH2) 2CH2CH3), 2.00 (2H. m, —C (= CH) C12 (CH2)

2C42CH3). 2.31 (1H, dd, J = 13.2. 9.3 Hz, 1.43 (2H. m, —C (= CH) CH2 (CH2)

2C12CH3), 1.32 (4H, m, CH (CH3) CH (OH) —). 0.90 (3H, t, J = 6.8 H, —C (= CH)

CH2 (CH2) 2CH2CH3).

  

[01421 & Lt; Example 6 & gt;

[0144] 3-propynol-2-oxazolidinone 3a (100 mg, 0.541 mmol, 1 eq), dissolved in

dichloromethane (1.5 ml) (596, 0.596 mmol) and diisopropylethylamine (90.6, 0.650

mmol, 1.2 eq) dissolved in 1 M dichloromethane were slowly added dropwise and the

mixture was stirred at the same temperature for 50 minutes Lt; /RT1 & gt; The stirred

reaction mixture was cooled at —78 ldeg.1 C for 10 min, then hectoral 8 (92.25, 0.81
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mmol) dissolved in dichloromethane (0.70 ml) was stirred at -78 [deg.] C for 30 min.

Then, the mixture was ice-cooled again in an ice water bath and stirred for 1 hour.

Then, pH 7.0 phosphate (1.2 ml), methanol (1.1 ml), aqueous 30% wt hydrogen

peroxide aqueous solution (0.6 ml) The reaction is stopped in order to stop the reaction.

The mixture was further stirred in an ice water bath for 1 hour, and then

dichloromethane and water were added to separate the organic layer. The separated

organic layer was washed with an aqueous solution of sodium chloride, dried over

anhydrous magnesium sulfate and concentrated. The obtained residue was subjected to

silica gel column chromatography (18% n-hexanei ethyl acetate) to isolate the

substance and dry to obtain yellow liquid substance 9 (22.3 mg, 14.8%).

[0145] 1(1H, m, -OCH? H? CHN), 4.39 (1H, brs, Dd, J = 7.8, 2.9 Hz, -OCH? H? CHN),

3.94 (1H, dq. J = 6.8 M, -CH (CH3) CH (OH) -), 2.38-2.33 (1H, m, -CH (CH3) 1.17

(3H, d, .l — 7.3 117. -CH (Cl 13) Cl] (OH) I), .l = 7.3 Hz, -CH (CH3) 2), 0.87 (3H, t, .l =

5.8 HZ, -CH‘? H? CH 2 (CH 2) 3 CH 3).

 

[0146] & Lt; Example 7 8: gt;

[0148] (25, 3S) -3-hydroxy-2-methyl-4-methylenenanoic acid (10d)

10149] (S) —3 — ((28, 3S) -3-hydroxy-2-methyl-4-methy1enonanoy1) -4-

isopropyloxazolidin- mg, 3.05 mmol) was dissolved in a mixture of tetrahydrofurani

water (27 ml: 27 ml) and lithium hydroxide (256 mg. 6.10 mmol) was added at room

temperature. The reaction was completed by stirring at room temperature for 12 hours.

Tetrahydrofuran was removed under reduced pressure and neutralized to pH 7. Ethyl

acetate was added to the reaction mixture to separate the organic layer. The separated

organic layer was washed with an aqueous solution of sodium chloride, dried over

anhydrous magnesium sulfate and concentrated. The resulting liquid material 10d (647

mg, 106.1%) was added directly to the next reaction.

[0150] 1(1H, d, J = 3.4 HZ, -CH (CH3) 2 (CH3) (2H. m, -CH2CH2CH2CH2CH3), 1.48

(2H, m, -CH2CH2CH2CH2CH3), 1.31 (4H, m, -CH2CH2CH2CH2CF3), 1.14 (3H, d, .l

= 37.3 HZ, -CH (CH3) CH-OH), 0.90 (3H, t, J = 6.8 HZ, -CH2CH2C {2CH2CH3).  

[0151] & Lt; Example 8 & gt;
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[0153] 2— (indolin-3-yl) ethanol (11)

[0154] 2- (3-indol) -ethanol (1.2 g, 7.06 mmol) dissolved in acetic acid (41.5 ml) was

ice-cooled in an ice bath and sodium thianoborohydride (2.2 g, 35.34 mmol) . The ice

bath was removed and the mixture was stirred at room temperature for 3 hours. After

confirming that the reaction was completed, the reaction was stopped by adding a

saturated sodium bicarbonate aqueous solution. The reaction mixture was neutralized,

and then ethyl acetate was added thereto to separate an organic layer. The separated

organic layer was washed with an aqueous solution of sodium chloride, dried over

anhydrous magnesium sulfate and concentrated. The obtained residue was subjected to

silica gel column chromatography (n-hexanei ethyl acetate = 103 1) and the material

was separated and dried to obtain a yellow liquid substance 11 (432 mg, 37.4%).

l0155J 1(1ll, dd, J = 7.6112), 7.06 (1H, dd, J = 7.9, 7.3 HZ), 6.76 , 6.68 (1H, d, J =

7.6Hz), 3.74-3.55 (3H, m), 3.44 2.09 (1 H, m), 1.79 (1 H, m)

[0156] 3- (2- (tert-butyldimethylsilyloxy) ethyl) indoline (12)

[0157] 2 - (indolin-3-yl) ethanol 11 (365 mg, 2.23 mmol) was dissolved in

dichloromethane and then imidazole (182.6 mg, 2.68 mmol) and tert- butyl dimethylsilyl

chloride 404.2 mg, 2.68 mmol) were added successively. After stirring at room

temperature for 3 hours, it was confirmed that the reaction was completed. The reaction

mixture was poured into water and dichl(:)r<:)methane to quench the reaction, and the

organic layer was separated. The separated organic layer was washed with an aqueous

solution of sodium chloride, dried over anhydrous magnesium sulfate and concentrated.

The obtained residue was subjected to silica gel column chromatography (n-hexanel

ethyl acetate = 202 1) and the material was separated and dried to obtain yellow liquid

material 12 (570.5 mg. 92.8%).

[0158] l(lH, dd, J = 7.6 Hz), 7.06 (1H, dd, J = 7.9, 7.3 Hz), 6.76 , 6.68 (1H, cl, .1 = 7.6

Hz), 3.74-3.55 (3H, m), 3.44 1.79 (1H, m), 0.92 (9H, s, -Si- (CH3) 2- (CH3) 3),

0.09 (6H, s, —Si— (CH3) 2— (CH3) 3).
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[0159] & l,t2 Example 9 & gt:

l0161J (28, 3S) —1— (3— (2— (tert-butyldimethylsilyloxy) ethyl) indolin-1-yl) —3-

hydroxy-2-methyl— (13a)

[0162] 3 (405 mg, 1.45 mmol) and (25, 3S) -3-hydro><y-2-methyl-4-

methylrenonexecarboxylic 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-hexanei ethyl acetate = 101 1) to

obtain the desired compound 13a ( 404 mg, 60.2%) as an oil.

[0163] 1(21, m, Ar—H), 7.09 (1H, t, J = 7.3 HZ. Ar (1H, brs, HC—OH), 5.27 (1H, t, J =

6.35 HZ, (2 l, m, -N-CH2), 3.56—3.53 (1H, m, -CO—OTBS), 3.92 (111, 01, J = 5.86,4.4

HZ, M, -CH2—CH2—OTBS), 2.91 (1H, m, C? CH = CH? H? CH2), 1.82 (1H, m, -

CH2CH2CP 2CH3), 1.21 (3H, d, J — 6.84 Hz, C — O -CH (CH3) 3). 0.09 (6H, s, -Si-

(CH3) 3), 1.19 (3H, t, J = 7.33 Hz, CH2CH3) CH3) 2- (CH3) 3).

 

  

 
[0164] (2Preparation of (S) -3-hydroxy-1- (3- (2-hydroxyethyl) indolin-1-yl)

l0165l (2 3—hydroxy-2-methyl—4—methylenenan-1-one 13a ((8) 54.5 mg, 0.12

mmol) was dissolved in tetrahydrofuran (5 ml), and tetrabutylammonium fluoride (0.15

ml) dissolved in 1.0 M of tetrahydrofuran was added in an ice water bath. After stirring

at room temperature for 2 hours, it was confirmed that the reaction was completed.

Methanol was added to the reaction mixture to stop the reaction, and the obtained

residue was immediately subjected to silica gel column chromatography (n-hexanel

ethyl acetate = 1: 1) to separate the material and dry to obtain the desired compound

13b (39 mg, 95% Oil.

[0166] 1(2H, m, /\r-H), 7.08 (1H, t, .l = 6.8 Hz, Ar (1H, brs, HC-OH), 4.49 (2H, s,

HC-OH), 5.07 (2H, m, -N-CH2), 3.83 (1H, q, J = 5.86, 4.4 HZ, (1H, m, -C{2-CH2-

OH), 3.79 (1H, brs, CH2CH2OH), 3.63—3.59 M, —CH2—CH3), 1.34—1.32 (41, m, —

CHZCH2CH2CH2), 1.86 m, —CH2CH2CH2CH3), 1.21 (3H, d, J = 7.3 HZ, C—O—CH

(CH3), 0.91 (3H, t, J = 6.84 HZ, CH2CH3).
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[0167] (2Ethyl) indolin-l-yl) -2-methyl-4-methylene-1-oxonan-3-yl acetate

Manufacturing (14a)

[0168] (28, 3S) -1- (3- (2- (tert-butyldimethylsilyloxy) ethyl) indolin-1-yl) -3-

hydroxy- 1-one 13a (357 mg, 0.77 mmol) was added pyridine (0.34 ml, 3.88 mmol),

and then the acetonic hydrosol was slowly added dropwise. The mixture was stirred at

room temperature for 12 hours. A small amount of starting material remained, and 4-

dimethylaminopyridine (1 eq) was added thereto, followed by stirring at room

temperature for 2 hours. After confirming that the reaction was completed, pyridine was

removed by a pressure reducer, ethyl acetate and water were added to separate the

organic layer. The separated organic layer was washed with an aqueous solution of

sodium chloride, dried over anhydrous magnesium sulfate and concentrated. The

obtained residue was subjected to silica gel column chromatography (n-hexanei ethyl

acetate = 202 1), and the material was separated and dried to obtain the desired

compound 14a (570.5 mg, 92.8%) as an oil.

[0169] 1(2H, m, Ar—H), 6.95 (1H, t, J = 7.3 Hz, Ar (1H, d, J = 8.3 Hz, -CHOCH3),

5.04 (1H, s. -CH2OH-O'1‘BS). 3.44 (1H, m, -CO-Nf2), 3.69 CH (CH3). 2.94 (1H, m,

Ar—CH), 2.01 M, -CH2-CH3), 0.86 (4H, m, -CH2CF 2CH2CH3), 0.85 (9H, s, (3H, t, J

= 7.33 HZ, CH2CH3), 0.01 (6H. dd, J = , s, —Si— (CH3) 2— (CH3) 3).

 

 [0170] (213reparation of (14b) S, 38) —1— (3— (2—hydroxyethyl) indolin—

[0171] (2 Y1) -2-methyl-4-methylene-1-o><ononan-3-ylaeetate 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-hexanei ethyl acetate =

12 1) and dried to obtain the desired compound 14b (21.3 mg, 42.8% State.

[0172] 1(2H, m, Ar—H), 7.05 (1H, t, J = 7.3 HZ, Ar (1H, d, J = 8.3 HZ, -CHOCH3),

5.12 (1H, s, (2H, t, J = 9.2112, —Cll2Cll2-Oll), 3.94 (2H, m, —Cll2Cll2Cll2Cll2C113),

1.45 (4H, CH), 3.04 (1H, t, J = 6.8 HZ, , m, —CH2CH2CH2CH2CH3), 1.26 (3H, m, CO
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(CH3) CH), 0.86 (3H, t, .l = 6.3H7, -CH2CH2CH2CH2CH3).

101731 (2Yl) —2-metl’1yl-4-methylene-1-oxonan-3-yl Acetate (15a)

[0174] (2 Y1) -2-methyl-4-methylene-1-oxononan-3-ylacetate 14a (2-tert-

butyldimethylsilyloxy) ethyl) indolin- (344 mg, 0.68 mmol) was dissolved in benzene

(7 ml) followed by the addition of 2,3-dichloro-5,6-dithiano-1,4-benzocycnone

(778.2 mg, 3.42 mmol) Gt; C & lt; /RT1 & 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 (Ii-hexane: ethyl acetate = 73

1), and the material was isolated and dried to obtain the desired compound 15a (85 mg,

24.8%) as an oil.

[0175] 1(2{, m, Ar—H), 7.72—7.70 (1H, m, Ar—H) (1H, d, J = 7.3 Hz, —CHOCH3),

5.12 (1H, s, (2H, m, -CH2CH2-OTBS), 2.11 (3H, s, CHOCOCH3), 3.93 (2H, m, -

CJ2CH2CP 2CH2CJ3), 1.38 (3H, d, J = 7.3 Pz, -CO-CH (CH3), 1.32-1.23 4H, m, -

C42CH2Cr 2CH2C43), 0.90 (9H, s, -Si- (era) 2- (CH3) 3), 0.84 (3H, t, J = 7.3Hz,

-CH2CH2CH2CH2CH3) = 4.89 HZ, -Si- (CH3) 2- (CH3) 3).

    

[0176] (2Methyl-4-methylene-1-oxononan-3-ylacetate (15b) & lt; EMT ID =

[0177] (2 Y1) -2-methyl-4-methylene-1-oxonan-3-yl Acetate 15a (88.3 mg, 0.17

mmol) was dissolved in tetrahydrofuran (5 ml) and tetrabutylammonium fluoride (1.76

ml) dissolved in 1.0 M of tetrahydrofuran was added thereto in an ice water bath . After

stirring at room temperature for 2 hours, it was confirmed that the reaction was

completed. An aqueous ammonium chloride solution was added to the reaction mixture

to stop the reaction, and ethyl acetate was added to separate the organic layer. The

separated organic layer was washed with an aqueous solution of sodium chloride, dried

over anhydrous magnesium sulfate and concentrated. The resulting residue was purified

by silica gel column chromatography (n-hexanei ethyl acetate = 12 1) and the material

was isolated and dried to obtain the desired compound 15b (21.3 mg, 31.3%) as an oil.

l0178l 1(1H, d, J = 7.8 HZ, Ar—H), 7.55 (1H, d, J = 6.84 HZ, Ar—H), 7.38 = 7.3 HZ,
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Ar—H), 7.37 (1H, s, /\r—H), 7.30 (1H, t, .l = 7.3 Hz, /\r— (2H, in, 3H), 5.11 (1H, s, -C

= CH? H?), 4.94 (2H, m, CH 2 CH 2 OH), 2.09 (3H, s. CH 2 CH 2), 3.69 CHOCH3), 2.05

(2H, s, CH2CH2CH2CH2CH3), 1.42—1.52 (6H, m, CH2CH2CH2CH2CH3), 0.85 (3H, m.

—CH2CH3).

[0179] <Example 10>

[0181] (2Ethyl) -1H-indol-1-yl) -3-hydroxy-2-methyl-4-methylenenan-1-one

(16a)

[0182] (2 3-hydroxy-2-methyl-4-methylenenan-1-one 13a ((8) 156 mg, 0.31

mmol) was dissolved in benzene (30 ml). followed by the addition of 2,3-dichloro-5,0-

dithianano-l,4-bcnzocycnonc (352.8 mg, 1.55 mmol) C & 1t: /RTI & gt: for 12 hours.

After confirming that the reaction was completed, ethyl acetate and water were added to

separate the organic layer. The separated organic layer was washed with an aqueous

solution of sodium chloride, dried over anhydrous magnesium sulfate and concentrated.

The obtained residue was subjected to silica gel column chromatography (n-hexanei

ethyl acetate = 202 1) to separate the material and dry to obtain the desired compound

16a (102 mg, 73.9%) as an oil.

l0183l 1(1H, d, J = 7.8 Hz, Ar—II), 7.38 (1H, t, J = = 8.31 Hz, Ar—II), 7.33 (111, s,

Ar—H), 7.3 (1H, t. J = 5.35 P2, Ar—H, 5.23 M, —HC—OH), 3.31 (24, t, J = 5.35 Hz, —

CH2—OTBS) (1H. m, —Co—CH (CH3)). 2.94 (1H, t. J = 5.34 Hz, —CH.alpha.H.beta.—

OTBS), 2.93 (H, m, —CH2CP 2CH2C J2CH3), 1.35 (3H, s, —Co (C J2CH2CH2CH2) -CH

(CH3) 3). 0.03 (6H, s, -Si- (CH3) 2)., 1.34 (4H, m, —CH2CH2CH2CH2CH3). 0.39 —

(CHB) 3).

   

[0184] (2Preparation of (S), 38) -3-hydroxy-1— (3— (2-hydroxyethyl) —1H-

indol-

[0185] (2 Ethyl) -1H-indol-1-yl) -3-hydroxy-2-methyl-4-methylenenan-1-one

16a (9.9 mg, 0.02 mmol) was dissolved in methanol (2 ml), and a small amount of

pyridine p-toluene-reductone was added thereto, followed by stirring at room

temperature for 2 hours. After confirming that the reaction was completed, the methanol

was blown off with a pressure reducing device and then the material was separated by
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silica gel column chromatography (n-hexanei ethyl acetate = 12 1) and dried to obtain

the desired compound 16b (6.9 mg, 94.5% State.

l0186l 1(1H, d, J = 7.8 HZ, Ar—H), 7.41—7.31 (3H, m, (1H, s, C = OCH (CH3) CH—

OH), 3.98 (2H, (t, J = 5.8 Hz, -CH2-OTBS), 3.51 (1H, brs, CH-OH). 3.34-3.29 , -

C12CH2-OTBS), 2.12-2.06 (1H, m, -C = CH.alpha.H.beta.), 2.00-1.94 M, -

C42CH2CH2CH2CH3), 0.90 (3H, t, .l = 5.8 Hz, -CH2CH2CH2CH3), 1.36 , CH2CH3). 

101871 (2Preparation of (R), 38) —1— (3— (2— (tert-butyldimethylsilyloxy) ethyl)

indefin-

[0183] (2 3-hydroxy-2-methyl-4-methylenenan-1-one 13a ((5) 250 mg, 0.54

mmol) was dissolved in tetrahydrofuran (15 ml), and then borane-dimethylsulfide (0.5

ml) dissolved in tetrahydrofuran at 2M was added thereto while ice-cooled. After

confirming that the reaction is completed by stirring in an ice water bath for 2 hours, add

methanol (1 ml) and stir for 3 hours. The reaction mixture was blown off using a

pressure reducer, followed by silica gel column chromatography (n-hexanei ethyl

acetate = 153 1) and the material was isolated and dried to obtain 178 mg (73.4%) of

the desired compound 17a as an oil.

10189J 1T, J = 7.8 Hz, Ar—II), 6.66 (111, t, J = 7.3 Hz, Ar— (1H, d, J = 8.3 Hz, —CH

(CH3) CH— OH), 3.75 (2H, d, J = 5.86 Hz, N—CH2), 3.64—3.54 CH (CH3), 2.84 (1H,

m, CH2CH (CH3), 3.08—2.98 (1 J, m, (2H, m, —CH2CH2CH2CH2CH3), 1.47 (2H, m,

CH3), 2.05 (2H, q, J = 7.8Hz, CJ2CH2— (CH3) 2—CH3), 0.92 (9H, s, —Si— (CH3) 2—

(CH3) 3). 0.89 (3H, t, J = 6.8Hz, —CH2CH2CH2CH2CH3). 0.09 (6H, s, -Si- (CH3) 2—

(CH3) 3).

 

[0190] (2Preparation of (R, 38) —1— (3— (2-hydroxyethy1) indolin-l-yl)

[0191] (2 Y1) -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 thereto, followed by stirring at room temperature for 3 hours. After

confirming that the reaction was completed, the methanol was blown off with a

decompressor, followed by silica gel column chromatography (n-hexanei ethyl acetate

= 13 1), followed by separation of the material and drying to obtain the desired
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compound 17b (18.4 mg, 79.8% ()il.

l0192J 1(1ll, m, Ar-ll), 6.70 (111, t, J = 7.8 Hz, Ar- D, J = 7.8112, Cll (CH8) Cll-

OH), 8.77 (1H, s. - 8.71 (2H, m, N-CH2CH (CH8)), 8.58 (1H, t, J = 8.8 HZ, N— (2H,

m, N-CH2), 2.92 (1H, m, N-CH2CH (CH8), 2.05 m, -CH2CH2CH2CH8), 0.91 (8H, s,

-CH2CH (CH8), m, CH2CH2-OH), 1.88 (2H, m, = C-CH2CH2CH2CH8), 1.47 ), 0.89

(8H, t, J = 7.8Hz, -CH2CH2CH2CH2CH8).

l0198J (2Preparation of (R), 88) —1— (8— (2— (tert-butyldimethylsilyloxy) ethyl) —

lH-indol-

[0194] (2 Y1) -2-methyl-4-methylenenan-8-ol 17a (87.8 mg, 0.19 mmol, ) Was

dissolved in benzene (18 ml), 2,8-dichloro-5,6-dithianano-1,4-benzocycnone (89.48

mg, 0.89 mmol) was added and the mixture was stirred at 60 ° C for 12 hours Lt? /RT1

& 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

(ii-hexane: ethyl acetate = 202 1) to separate the material and dry to obtain the desired

compound 18a (82 mg, 86.6%) as an oil.

[0195] 17.88 (1H, d, J = 7.8 Hz, Ar—H), 7.18 (1H, t, (1H, 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 (1H, 01, J = 8.8 Hz, N—

CJQHBCH (CH8)), 8.99 (1H, q, J = 8.8 {2, N-CHQHBCH (2H, t, J = 7.8 Hz,

C42CH2-O'l‘BS), 8.88 (1H, d, J = 6.8 kz, CH lVl, -CH2CH2CH2CH8), 0.90 (1H, m, -

C82CH2CH2CH8), 2.27 (1H, (8H, t, J = 7.8Hz, -CH2CH2CH2CH2CH8), 0.04 (6H.

C13) 8, —Si- (CH3) 2- (CH3) 3)).

 
 

 101961 (2Preparation of (R. 88) —1— (8— (2-hydroxyethyl) -1H-indol-

[0197] (2 R, 85) —1— (8— (2— (tert-butyldimethylsilyloxy) ethyl) -lH-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 aqueous solution of sodium chloride, dried

over anhydrous magnesium sulfate and concentrated. The resulting residue was purified

by silica gel column chromatography (n-hexanei ethyl acetate = 12 1) and the material

was separated and dried to obtain the desired compound 18b (12.02 mg, 36%) as an oil.

[0198] 1(1H, d, .l = 7.8 Hz, /\r-H), 7.38 (1H, d, .l = 8.3 Hz, /\r— .l = 8.3 Hz, /\r-H),

7.11 (1H, t, J = 7.8 HZ.Ar—1—1), 7.04 (1H, s, -C = CHdHLfi), 4.23 (1H, q, J = 8.3 HZ,

N—CHOLHBCH (CH3)), 4.02 (1H, q, J = 7.3Hz, N-CHQHBCH (2H, t, J = 6.3HZ,

C112C112—011),2.31-2.26(111,(111,m, -C112C11(C113)), 1.90 (111, m, C-

CHOLHBC4H11) ). 1.30-1.17 (6H, m. -CH2CH2CH2CH2CH3), 0.857 (3H, s. CH2CH

(CH3), 0.84 (3H, s, -CH2CH2CH2CH2CH3).

[0199] Experimental Example 1 1176 mediated luciferase inhibitory activity

 10200] <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 (V / V), 60.0 mg / l kanamycin sulfate (Gibco. were

cultured in DMEM culture medium containing 1 L sodium bicarbonate (NaHCOS: 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 ug pSTATS—TA—Luc (Clontech, CA) and 0.3 1.11 lipofectamine reagent

(1nvitrogen, USA) was added to each well. -TA-Luc was transfected and replaced with

freshly prepared 200 [mu] 1 DMEM culture medium and incubated for an additional 24

hours.

[0202] <1-2> 1L-6 and 1L-11 reactive STAT3 reporter gene test

[0203] The transfected cells were serum-starvated with 1% BSA / DMEM, treated with

1 ng / ml [[76 (R & 1) system, USA) for 3 hours .

102041 12 Negative control group (untreated group);
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[0205] 21 Positive control (IL-6 10 ng / ml);

[0206] 81 Compounds (0.3, 1, 8, 10, 80, 100 [mu] M); And

[0207] 41 Madindoline (0.3, 1, 3, 10, 30, 100 [mu] M)

[0208] The cells were washed with PBS and mixed with 50 ul lysis buffer (luciferase

assay system, promega, USA) for 1 min. Then, 30-100 ul of luciferase assay system

(promega, USA) The degree of color development was measured with a luminometer

(EC & G BERTHOLD, USA) within 5 minutes. 

[0209] The ICSO values of the lL-6-induced luciferase inhibitory activity of each

compound were as shown in Fig. 1 and compound 4d showed the 1L-11 induced

luciferase inhibitory activity as a concentration-dependent manner, and the lC50 value

thereof was 2.1 lel.

[0210] <1 -3> STATS phosphorylation inhibition activity induced by [11-6

[0211] 6 HepG2 cells were plated in a well plate at a density of 5 X 10 & 1t; 4 & gt; cells

/ well and cultured in a culture dish to a full 80%, then exchanged with serum—free

medium for another 6 hours and treated for 30 minutes as described below.

[0212] 11 Negative control group (untreated group);

 [0213] 21 Positive control (20 ng / ml of lL-6): And

[0214] 31 Compound 4d treated group (1, 3, 0.39, 10, 30 and 100 [mu] M)

[0215] Then, the cells were treated with 20 ng / ml of 1L-6 for 10 minutes and then

lysed in 40 wt lysis buffer [pH 8, 20 mM Tris-HCl, 187 mM NaCl, 10% glycerol, 1%
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Triton X-100, l lel Na3V04, 2 mM EDTA, 1 mM PMSF, 20 lel Ieupeptin, 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 lL-6 were usec 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-VDAGE) and electrophoresed at 30 mA for 2 hours. After

electrophoresis, the proteins of the gel were transferred to a DVDF membrane (Westran

 
 

 S, pore size 0.2 mm: Whatman, USA) at 90 V for 90 minutes. ' ‘he transferred membrane

was blocked with Tris-buffer (T-TBS; 50 lel 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-STAT3 (12 1000 dilution) polyclonal

antibody as primary antibody for 2 hours. After washing 5 times with T-TBS, HRP-

conjugated anti-rabbit antibody (11 5000 dilution) was reacted with secondary antibody

for 1 hour. After washing with T-TBS, the film was developed in an dark room using

EC]. kit (Amersham, USA).

[0216] As a result, as shown in FIG. 3, the compound of Chemical Formula 1 of the

present invention showed lL-6-induced STATS phosphorylation inhibitory activity.

[0217] <1-4> lL-6-induced JAK2 and gp130 phosphorylation inhibitory activity

[0218] 6 llepG2 cells were plated in a well plate at a density of 5 X 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] 11 Negative control group (untreated group):

[0220] 22 Positive control (20 ng / ml of lL-6): And

[0221] 31 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 lL-6 for 10 minutes and then

lysed in 40 wt lysis buffer [pll 8, 20 lel Tris-llCl, 187 mM NaCl. 10% glycerol, 1%

Triton X-100, 1 mM Na8VO4, 2 mM EDTA, 1 mM PMSF, 20 lel 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-JAKB antibody and anti-gp130

antibody (Cell signaling, INC.) At 4 ° C for 12 hours, and then precipitated with protein

 A/ G plus agarose (Santa Cruz Biotechnology, USA). After centrifugation, the

precipitate was washed three times with buffer solution and used as an electrophoresis

sample. At this time, IL-6 and non-specimen treated HepG2 cells were used as a

control. Protein concentration was determined using a Bio-Rad DC protein assay kit.

Proteins were loaded on 8% SDS-polyacrylamide gels (SIDS-PAGE) and

electrophoresed at 30 mA for 2 h. After electrophoresis, gel proteins were transferred 

to :’VD* 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, p} 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 (11 1000 dilutions. respectively) as primary antibodies for 2 h. After washing

5 times with 'l‘-'l‘BS, HRP-conjugated anti-mouse antibody (12 5000 dilutions) was

reacted with secondary antibody for 1 hour.

After washing with T-TBS, the film was developed with ECL in a dark room. As a

result, as shown in FIG. 4, the compound of formula (I) of the present invention showed

IL-6 induced JAKZ and gp130 phosphorylation inhibitory activity.

[0223] <1-5> Effect of compound 4d on insulin-induced adipogenesis

l0224l 8 T3L1 cells were replaced with differentiation medium (containing 5 mg / ml

 insulin, 1 mM dexamethasone, and 0.5 mM IBMX) two days before confluence in a 24

well cell culture plate and changed into differentiation medium every 2 days for 8 days .

At this time, cells that did not use a differentiation medium or cells that had been treated

with IL-6 or 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 ()il Red () dye and stained for 1 hour. And washed with 25% isopropanol

and observed under a microscope. As a result, as shown in FIG. 5, the compound of

Chemical Formula 1 of the present invention showed an activity of restoring the IL-6

effect which inhibits insulin-induced adipogenesis.
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This translation is machine-generated. It cannot be guaranteed that it is intelligible,
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commercially relevant or financial decisions, should not be based on machine-

translation output.

CLAIMS KR201 10047179

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 (21-10, or substituted or unsubstituted benzyl;

R4 is hydrogen, or straight, branched or cyclic alkyl of Cl -10, Or unsubstituted benzyl,

X is hydrogen, halogen, hydroxy, methoxy, substituted or unsubstituted C1-1O alkyl, Y

is hydrogen or oxygen, Z is hydroxy, C1-1O alkoxy, -OCOC113 Or oxygen; And the

above is a single or double bond.

2.

3. /\ compound according to claim 1, wherein R1 is hydroxyethyl or tert-

butyldimethylsilyloxyethyl, R2 is C1-5 straight-chain, branched or cycloalkyl, R3 is

hydrogen, X is hydrogen, halogen, hydroxy, methoxy, substituted or unsubstituted alkyl,

Y is hydrogen or oxygen, Z is hydroxy, C1-5 alkoxy, -OCOCllB, 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) (28, BS) —1— (3— (2— (tert- butyldimethylsilyloxy) ethyl) indolin- (28, BS) —

1— (3— (2— (tert-butyldimethylsilyloxy) ethyl) indolin-1-yl) (28, BS) —1— (3— (2-

(tert-butyldimethylsilyloxy) ethyl) —lH- indol- 1 —yl) — methylene-1-oxononan-
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(28, BS) -l- (3- (2-hydroxyethyl) -l H-indol-l-yl) -2 (28, BS) -l- (3- (2-

(tert-butyldimethylsilyloxy) ethyl) —1H-indole-1 6) (ZS, BS) —3—hydroxy-1— (3-

(2-hydroxyethyl) —1H— (2R, BS) —1— (3— (2— (tert-butyldimethylsilyloxy) ethyl)

indolin-l Methyl-4-methylenone-3-ol, 8) (2R, BS) —1— (3— (2— (tert-

butyldimethylsilyloxy) ethyl) Yl) —2— 8-01, 9) (2R, SS) —1— (8— (2—hydroxyethyl) —

lH-indol- 3-01, 10) (28, SS) -3-hydroxy-1- (3- (2- hydroxyethyl) indolin- 11)

Synthesis of (28, SS) —1- (3- (2-hydroxyethyl) indolin-l-yl) 2R, SS) -1- (3- (2-

hydroxyethyl) indolin-l-yl) -2-methyl-4-methylenenonan-3-ol or a

pharmaceutically acceptable salt thereof. Possible salts.

4.

A pharmaceutical composition for the prophylaxis and treatment of inflammatory

diseases or cancer, comprising a compound of any one of claims 1 to 3 or a

pharmaceutically acceptable salt thereof.

5.

5. The composition of claim 4, wherein the inflammatory disease or cancer is caused by

lL-6 or lL-ll.

6.

5. The method of claim 4, wherein the inflammatory disease is selected from the group

consisting of rheumatoid arthritis, osteoporosis, transglottial hyperplasia,

hyperimmunoglobulinemia, anemia, nephritis, cacheXia, angiosclerosis, multiple

sclerosis, uveitis, chronic thyroiditis, , Systemic lupus erythematosis, Crohn’s disease,

pancreatitis, psoriasis, burning idiopathic atrophy, diabetes and Alzheimer's.

7.

The method of claim 4, wherein the cancer is selected from the group consisting of

pancreatic cancer, breast cancer, prostate cancer, brain tumor, head and neck

carcinoma, melanoma, myeloma, melanoma, leukemia, lymphoma, liver cancer, gastric

cancer, colon cancer, ovarian cancer, ovarian cancer, Renal cell carcinoma, kidney cell

carcinoma, renal pelvic carcinoma, and central nervous system tumor. The present

invention also relates to the use of a compound of formula (I) or a pharmaceutically

acceptable salt thereof. Wherein the cancer is selected from the group consisting of.
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MAIL STOP AMENDMENT

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

STATEMENT FILED PURSUANT TO THE DUTY OF

DISCLOSURE UNDER 37 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: Corn liance with 37 C.F.R. ' l.97
 

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

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

No fee or certification is required.

PART II: Information Cited

The undersigned hereby makes of record in the above—identified application the information

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

references should not be construed as an indication of the importance of the references.

64860701
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Application No.: 15/988,463 — 2 — Art Unit: 1646
Conf. N0.: 7597

PART III: Remarks

Documents cited anywhere in the Information Disclosure Statement are enclosed unless

otherwise indicated. It is respectfully requested that:

l. 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/OS) be signed by the Examiner to

evidence that the cited information has been fully considered by the United States Patent and

Trademark Office during the examination of this application;

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

application.

By submitting this Information Disclosure Statement, the undersigned makes no

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

relevant information does not exist.

By submitting this Information Disclosure Statement, the undersigned makes no

representation that the information cited in the Statement is, or is considered to be, material to

patentability as defined in 37 CPR. § 1.56(b).

By submitting this Information Disclosure Statement, the undersigned makes no

representation that the information cited in the Statement is, or is considered to be, in fact, prior art

as defined by 35 U.S.C. § 102.

Notwithstanding any statements by the undersigned, the Examiner is urged to form his or her

own conclusion regarding the relevance of the cited information.

An early and favorable action is hereby requested.
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Application No.: 15/988,463 — 3 — Art Unit: 1646
Conf. N0.: 7597

The Director is hereby authorized to charge any deficiency or credit any overpayment in the

fees occasioned by the filing of this Information Disclosure Statement to our Deposit Account No.

23/2825 under Docket No. MO546.70012USOl from which the undersigned is authorized to draw.

Respectfully submitted,

By: /Am J. McMahon/

Amy J. McMahon, PhD, Reg. No. 73,073
Wolf, Greenfield & Sacks, PC.
600 Atlantic Avenue

Boston, Massachusetts 02210-2206

Telephone: (617) 646-8000

DockeLNo.: M0546.70012US01

Date: July23, 2018
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Foreign Patent Document Date .OfPublication of
Cite
No.
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Office/ Number Kmd Document Document (Y/N)
Country Code MM—DD—

YYYY

_-- 1630232 Conaris research institute AG 03-01-2006 —
_--1996/019574 06-27-1996 —
_--1999/020755 Glaxo Group Limited 04-29-1999 —

Commonwealth Scientific and

WO 2005/058956 A1 Industrial Research Organisation 06-30-2005
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. , . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the .Examiner s Cite . . . . . _ . _ Translation

item (book, magazme, Journal, serial, symposium, catalog, etc), date,.page(s), volume-issue number(s), (Y/N)publisher, City and/or country where published. /

CHOW et al., Structure of an extracellular gp130 cytokine receptor signaling complex. Science.
2001 Mar 16;291(5511):2150—5.

JOHNSTONE et al., 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/j.cytogfr.2015.07.015. Epub 2015 Jul 14.

LEMOLI et al., 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 Illl Antibody. Creative Biolabs. 2018

Examiner‘ s. . #
Initials 

PUTOCZKI et al., Interleukin-11 is die 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/j.ccr.2013.06.017.

SOMMER et al., Constitutively active mutant gp130 receptor protein from inflammatory
hepatocelliilar adenoma is inhibited by an anti-gp130 antibody that specifically neutralizes
interleukin 11 signaling. J Biol Chem. 2012 Apr 20;287(17):13743-51. doi:
10.1074/jbc.M111.349167.

 
[NOTE 7 No copies of US. patents, published US. 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 1287OG163. Copies of all other patentt's), publicationts), unpublished, pending US. patent applications, or other information listed are
provided as required by 37 CFR § 198 unless 1) such copies were provided in an IDS in an earlier application that complies with 37 CFR § 1.98, and 2) the earlier application is
relied upon for an earlier filing date under 35 U.S.C. § 120.]
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Description

[0001] The present invention relates to codon optimized sgp130 encoding nucleic acid molecules as well as a method
for the highly efficient recombinant production of sgp130 in mammalian cells or bacteria using a nucleic acid molecule
of the invention.

[0002] For the treatment of various diseases such as Crohn’s disease etc. the specific blocking of lL-G responses
dependent on soluble lL-GR might be desirable for treatment. It was found that a soluble gp130-dimer, in particular an
lgG-Fc fusion protein or a PEGylated version of sgp1 30, efficiently inhibits the anti-apoptotic effect of le—GR from LPMC
from Crohn’s disease (CD) patients and that, thus, said compound is useful forthe treatment of said disease and related
diseases like, e.g., colitis or rheumatoid arthritis. Unfortunately, so far the recombinant production of sgp130 is difficult
in particular due to the fact that only low amounts of protein can be obtained
[0003] Thus, the technical problem underlying the present invention was to provide means allowing to improve the
efficiency of recombinant production of sgp130Fc or sgp1 30(D1 -D3).
[0004] The solution of the said technical problem is achieved by providing the embodiments characterized in the
claims. During the experiments leading to the present invention it was found that by use of particular codon optimized
versions of the DNA encoding sgp130Fc the yields of recombinant protein can be increased at least 10- to 20-fold
compared to the unmodified version of the DNA. In case of the prokaryotic sgp130(D1-D3) version, the optimization of
the DNA led to the reduction of undesired shorter side products.

Brief description of the drawings

[0005]

Figure 1: Schematic presentation ofthe constructs
Grey shedding marks the parts of the protein which have been optimized. (A) Eukaryotic construct comprising a
signal peptide, six extracellular gp130 domains and the lgG-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: sgp130(Di -D3) (nucleotide sequence and amino acid sequence) for expression in bacterial cells
An alignment of the nucleotide sequence with optimized codons (sgp130(D1—D3)_opt) vs. the original sequence
(sgp130(D1-D3)_wt) is shown.

 

Figure 3: sgp130Fc (nucleotide sequence and amino acid sequence) for expression in mammalian cells
An alignment of the nucleotide sequence with optimized codons (sgp130Fc_opt) vs. the original sequence
(sgp130Fc_wt) is shown.

 

Figure 4: Detection of sgp130Fc aftertransient transfection of HEK293 cells (A) or CHO cells (B) with wildtype or
optimized (opt) sgp130Fc expression plasmids
The position of sgp130Fc is indicated by arrows (4). Wildtype and optimized sgp130Fc expression was detected
in two independent transfection 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 (sgp130Fc with leader sequence).

 
 

Figure 5: Detection of RNA transcribed from transfected plasmid DNA (sgp130Fc; neomycin resistance gene
(NeoRD 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 RNAto 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 (lnvitrogen, Carlsbad, CA,
USA) which in addition encodes a leading pelB sequence and a Citerminal Hisitag. sgp130(D17D3) 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)7opt) or Figure 3 (sgp130Fciopt) or (b) a fragment or analogue
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thereof which maintains the codon usage pattern thereof.
The letter "s" of sgp130 means "soluble". The term "soluble" as used herein refers to a gp130 molecule lacking the
intracellular domain and the transmembrane domain. The domains utilized in sgp130(D1-D3)_opt consist of the first
three extracellular domains D1 -D3 of gp130.
[0007] The term "fragment" as used herein refers to sgp130 fragments which comprise the entire or smaller parts of
the optimized cDNA encoding the extracellular domain of gp130. Preferably, such fragments show a biological activity
of the full length molecule, e. g. maintain the ability to inhibit the activity of the agonistic complex IL-6/sIL-6R. For the
expression in bacteria such fragment also comprises sgp130 without the eukaryotic secretory leader sequence (MLT-
LQTWWQALFI FL'I'I'ESTG, Pos. 1 to 22). Moreover, a prokaryotic secretory leader sequence, e. g. pelB or OmpA could
be cloned in front of the sgp130 sequence or parts of it and could be derived from the respective suitable expression
plasmid, e. g. pET22b (Merck Biosciences GmbH, Bad Soden, Germany), pASK-IBA2, pASK-IBA12 (lBA, Goettingen,

Germany). In addition the sgp130 protein can be expressed with or without Tag for purification purposes, e. g. Hise,
Strep, Myc or others.
[0008] The term "analogue" as used herein refers to a nucleic acid molecule which encodes the same amino acid
sequence but which, through the redundancy of the genetic code, has a different nucleotide sequence. The term "codon
usage pattern" as used herein refers to the average frequencies in the nucleotide sequence, e.g., highly expressed
mammalian genes. Codon usage patterns for mammals, including humans can be found in the literature; see, e.g.,
Nakamura et al., Nucleic Acids Research 1996, 24:214-5. In the nucleic acid molecules of the present invention, the
codon usage pattern is altered to more closely represent the codon bias of the host organism, e.g. a mammalian cell.
[0009] Alternatively, the present invention relates to a nucleic acid molecule, wherein at least 80%, preferably at least
90%, more preferably at least 95% and, most preferably at least 98% of the codons altered in the nucleic acid sequence
of Figure 2 or 3 vs. the wild type sequence are present.
[0010] In a preferred embodiment, the nucleic acid molecule of the present invention is a DNA molecule.
[0011] The present invention includes expression vectors that comprise the nucleic acid molecules of the invention.
The expression vectors can be constructed according to methods well known to the person skilled in the art; see, e.g.,
Sambrook, Molecular Cloning A Laboratory Manual, Cold Spring Harbor Laboratory (1989) N.Y. The "control elements"
or "regulatory sequences" used for recombinant expression are those non-translated regions of the vector-enhancers,
promoters, 5‘ and 3’ untranslated regions which interactwith host cellular proteins to carry outtranscription and translation.
Such elements may vary in their strength and specificity. Depending on the vector system and host utilised, any number
of suitable transcription and translation elements, including constitutive and inducible promoters, may be used. In mam-
malian cell systems, promoters from mammalian genes orfrom mammalian viruses are preferable. Promoters and other
expression regulation signals may be selected to be compatible with the host cell for which expression is designed. For
example, mammalian promoters include the metallothionein promoter, which can be induced in responseto heavy metals
such as cadmium, and the fi—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 (U RR) may also be used. All these promoters are well
described and readily available in the art.
[0012] In mammalian host cells, a number of viral-based expression systems may be utilised. In cases where an
adenovirus is used as an expression vector, sequences encoding the polypeptide(s) of the present invention may be
ligated into an adenovirus transcription/translation complex consisting of the late promoter and tripartite leader sequence.
Insertion in a non—essential E1 or E3 region of the viral genome may be used to obtain a viable virus which is capable
of expressing the antibody in infected host cells (Logan, J. and Shenk, T. (1984) Proc. Natl. Acad. Sci. fl:3655—3659).
In addition, transcription enhancers, such as the Rous sarcoma virus (RSV) enhancer, may be usedto increase expression
in mammalian host cells.

[0013] Further examples of suitable viral vectors, include herpes simplex viral vectors, vaccinia or alpha-virus vectors
and retroviruses, including Ientiviruses and adeno—associated viruses. Gene transfertechniques usingthese viruses are
known to those skilled in the art. Retrovi rus vectors for example may be used to stably integrate the nucleic acid molecules
of the invention into the host genome, although such recombination is not preferred. Replication—defective adenovirus
vectors by contrast remain episomal and therefore allow transient expression. If it is necessary to generate a cell line
that contains multiple copies of the sequence encoding the spg130 polypeptides, vectors based on SV40 or EBV may
be used with an appropriate selectable marker.
[0014] Human artificial chromosomes (HACs) may also be employed to deliver larger fragments of DNA than can be
contained and expressed in a plasmid. HACs of 6 to 10 M are constructed and delivered via conventional delivery
methods (liposomes, polycationic amino polymers, or vesicles) for therapeutic purposes.
[0015] Specific initiation signals may also be used to achieve more efficient translation. Such signals include the ATG
initiation codon and adjacent sequences. In cases where sequences encoding the sgp130, its initiation codon, and
upstream sequences are inserted into the appropriate expression vector, no additional transcriptional or translational
control signals may be needed. However, in case where only a coding sequence for a fragment is inserted, exogenous
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translational control signals including the ATG initiation codon should be provided. Furthermore, the initiation codon
should be in the correct reading frame to ensure translation of the entire insert. Exogenous translational elements and
initiation codons may be of various origins, both natural and synthetic. The efficiency of expression may be enhanced
by the inclusion of enhancers which are appropriate forthe particular cell system which is used, such as those described
in the literature (Scharf, D. et al. (1994) Results Probl. Cell Differ. $125462).
[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/orfunction. Different mam-
malian host cells which have specific cellular machinery and characteristic mechanisms for 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] For long-term, high-yield production of sgp1 30, stable expression in mammalian cells is preferred. Forexample,
cell lines which stably express sgp130Fc may be transfected using expression vectors which may contain viral origins
of replication and/or endogenous expression elements and one or more selectable marker genes on the same or on a
separate vector. Following the introduction of the vector, cells may be allowed to grow for 1-2 days in enriched media
before they are switched to selective media. The purpose of the selectable marker is to confer resistance to selection,
and its presence allows growth and recovery of cells which successfully express the introduced sequences. Resistant
clones of stably transformed cells may be proliferated using tissue culture techniques appropriate to the cell type.
[0018] After the introduction of the recombinant vector(s), the host cells are grown in a selective medium, which selects
for the growth of vector-containing cells. Any number of selection systems may be used to recover transformed cell
lines. These include, but are not limited to, the herpes simplex virus thymidine kinase (Wigler, M. et al. (1977) Cell 1:
223—32) and adenine phosphoribosyltransferase (Lowy, I. et al. (1980) Cell @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. 33567-70); npt, which confers resistance to the aminoglycosides neomycin and G-418 (Colbere-Garapin, F. et al
(1981) J. Mol. Biol. @144) and als or pat, which confer resistance to chlorsulfuron and phosphinotricin acetyltrans-
ferase, respectively (Murry, supra). Additional selectable genes have been described, for example, trpB, which allows
cells to utilise indole in place of tryptophan, or hisD, which allows cells to utilise histinol in place of histidine (Hartman,
S. C. and R. C. Mulligan (1988) Proc. Natl. Acad. Sci. §:8047—51). Recently, the use of visible markers has gained
popularity with such markers as anthocyanins, beta—glucuronidase and its substrate GUS, and luciferase and its substrate
luciferin, being widely used not only to identify transformants, but also to quantify the amount oftransient or stable protein
expression attributable to a specific vector system (Rhodes, C. A. et al. (1995) Methods Mol. Biol. @121-131).
[0019] The person skilled also knows vectors and host cells for bacterial expression, e.g. bacteriophage, plasmid, or
cosmid DNA expression vectors. Vectors suitable for use in the present invention include, but are not limited to the pSKK
expression vector for expression in bacteria. Depending on the vector system and host utilised, any number of suitable
transcription and translation elements, including constitutive and inducible promoters, may be used. For example, when
cloning in bacterial systems, inducible promoters such as the hybrid lacZ promoter of the Bluescript.RTM. phagemid
(Stratagene, LaJolla, Calif.) or pSport1.TM. plasmid (Gibco BRL) and the like may be used.
[0020] Purification of the recombinant sgp130 is carried out by any one of the methods known for this purpose, i.e.,
any conventional procedure involving extraction, precipitation, chromatography, electrophoresis, or the like. A further
purification procedure that may be used is affinity chromatography using monoclonal antibodies which bind the target
polypeptide or a Tag fused to it, e.g., His, Strep or Myc, and which are produced and immobilized on a gel matrix
contained within a column. Impure preparations containing the recombinant sgp130 are passed through the column.
The sgp130 will be bound to the column by the specific antibody while the impurities will pass through. After washing
the polypeptide is eluted from the gel by a change in pH or ionic strength and can then, if desired, dimerized and/or
PEGylated.
[0021] Accordingly, the present invention also relates to a method of producing the sgp130 of the present invention,
comprising culturing a host cell transformed with a nucleic acid molecule of the invention and recovering the sgp130
polypeptide from said host cell orthe culture.
[0022] The sgp130 polypeptide produced from a nucleic acid molecule ofthe present invention is useful in the treatment
and/or prevention of all the pathologies, in which the activity of the agonistic complex lL—6/le6R must be inhibited, e.g.,
forthe 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

5 [0024] The cDNA encoding either wildtype or optimized sgp130Fc was cloned into the expression plasmid pDEST40
(lnvitrogen, Carlsbad, CA, USA) according to standard procedures. The wildtype sequence was derived from an ex-
pression plasmid which has been described in Jostock et al., Eur. J. Biochem. @ (2001), 160-7 (Figure 1; upper panel).
The construct was sequence verified. 3 x 105 HEK293 cells were transiently transfected with 1 pg of plasmid and 3 pl
of Fugene (Roche Diagnostics, Mannheim, Germany) in 3 ml of medium according to the manufacturer’s manual. The

10 cells were subsequently incubated for 24 h at 37°C and supernatants and cells were harvested for further preparations
of either total proteins or RNA, respectively.
[0025] One set of cells was transfected with the empty vector (mock), another set of cells was left untransfected
(control). Both sets served as negative controls.

15 (B) Protein extraction and western blot
 

[0026] The sgp130Fc protein was precipitated from the cell supernatants by adding 20 pl of Protein-A/G-Plus Agarose
(Santa Cruz, CA, USA). The slurry was incubated overnight at 4°C and finally centrifuged. Bound proteins were extracted
by boiling the agarose pellet in SDS sample buffer for 5 minutes at 100°C. In parallel the cells were scraped from the

20 plates using a rubber policeman, harvested in 100 pl of PBS and centrifuged. All protein samples were separated on a
standard acrylamide gel, transferredto a PDVF-membrane by semi-dry blotting and stained with a gp130—specific antibody
(Holzel Diagnostika, Koln, Germany). 50 ng of recombinant sgp130 served as positive control (sgp130).

(C) RNA extraction25

[0027] Total RNA was extracted from the cell pellets using a RNeasy Mini kit (Qiagen) according to the manufacturer’s
instructions. The following primers were used to determine RNA transcribed from the transfected plasmid DNA by
RT-PC R: sgp130Fc_f: 5’—ATGAG GTGTGAGTGGGATGG—B’, sgp130Fc_r: 5’-ACCT|'GCAC‘F|'GTACTCCTI'GC—3‘; ne-
omycin resistance gene NeoR_s: 5’-GATGCCTGCTTGCCGAATATC-3’; NeoR_r: 5’—CGCCAAGCTCTTCAG-

30 CAATATC—3’. Total RNA was initially reverse transcribed and the cDNA was amplified by 30 cycles of 30 seconds at
95°C followed by 2 minutes at 57°C and a final elongation step of 5 minutes at 72°C. Expected amplicon sizes: gp130:
1.712 bp, NeoR: 133 bp. The amplification of NeoR was performed to document an equal transfection efficiency of the
plasmid. In addition, B-actin was amplified to demonstrated the use of equal amounts of total RNA in each experiment.

35 Example 2: Highly efficient recombinant production of sgp130Fc in HEK293 cells

[0028] Figure 4 demonstrates that in comparison to the wildtype expression plasmid the production of sgp1 30Fc was
increased at least 10 to 20—fold in HEK293 cells transfected with the optimized sgp130Fc expression plasmid. On the
RNA level (Figure 5) a similar increase of sgp130Fc expression was detected with the optimized construct. This elevation

40 of sgp1 30Fc RNA amounts was not due to a different transfection efficiency as shown by equal amounts of RNA encoded
by the neomycin resistance gene which was also located on the expression plasmid.
[0029] The results indicatethatthe significantincrease ofsgp130Fc production after optimization ofthecDNAsequence
is partially based on an improved codon usage during translation but is mainly derived from the elevation of the corre-
sponding RNA levels. This might be due to a more efficient transcription or a higher stability of the RNA.45

Example 3: Highly efficient recombinant production of sgp130(D1-D3) in bacteria

(A) Constructs and transformation

50 [0030] The cDNA encoding either wildtype or optimized sgp130(D1—D3) was cloned into the prokaryotic expression
plasmid pET22b (Merck Biosciences GmbH, Bad Soden, Germany) according to standard procedures. The D1—D3
fragment was amplified afore from the pSVL—sgp130Fc plasmid described in Jostock et al. 2001. The construct was
sequence verified and transformed into BL21(DE3)pLys bacteria (lnvitrogen, Carlsbad, CA, USA).

55 (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
ODeoo nm reached a value of 0.3 (250 rpm). 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 ofthe 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, Cdlbe, Germany). Disruption ofthe cells was performed by sonication (3 x 30 sec, 10% cycle,
20% power) with a Bandelin Sonoplus HD 2070 sonicator. Insoluble material was pelleted at 13.000 rpm and 4°C for

30 min and the pellet was resuspended in 1 ml of urea buffer (50 mM NaH2P04, 8 M urea, pHB). An aliquot was diluted
at 1:100 and subsequently analyzed by SDS PAGE according to standard protocols. His-tagged target proteins were
detected with an anti-PentaHis antibody (Qiagen, Hilden, Germany).

(C) Results

[0032] Whereas the wildtype sequence generated a second shorter form of sgp130(D1-D3) (Figure 6, left lane) this
by-product was not observed with the optimized cDNA (Figure 6, right lane). This unwanted variation of sgp130(D1-D3)
is generated by further alternative transcriptional and translational start sides which have been eliminated by codon
modifications in the optimized cDNA sequence. Subsequently the efficiency to produce the desired protein with the right
size was increased at least at a factor of 3-fold.

Ex. 2001 - Page156



Ex. 2001 - Page157

10

15

20

25

30

35

40

45

50

55

<110>

<120>

<l30>

<140>
<141>

<160>

<170>

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Met Leu Thr Leu Gin Thr Trp va1 Va1 G1n A1a Leu Phe Ile Phe Leu1

EP1 630 232 A1

SEQUENCE LISTING

Conaris research institute AG

Optimized nuc1eotide sequences encoding sgp130

C 10285?

E? 04020455.4
2004—08-27

13

PatentIn version 3.2

1
22
PRT
Artificia] sequence

secretory leader sequence of sgp130
1

S 10

Thr Thr G1u Ser Thr 61y

<210>
<211>
<212>
<Zl3>

<220>
<223>

<400>

20

2
20
DNA
Artificia1 sequence

Primer

2
atgaggtgtg agtgggatgg

<210>
<211>
<212>
<213>

<ZZO>
<223>

<400>

3
22
DNA
Artificiai sequence

Primer

3
accttgcact tgtactcctt 9C

<210>
<211>
<212>
<213>-

<220>
<223>

<400>

4
21

DNA .
Art1ficia1 sequence

Primer

4
gatgcctgct tgccgaatat c

20

22

21

Ex. 2001 - Page157



Ex. 2001 - Page158

10

w

20

25

30

35

40

45

50

55

EP1 630 232 A1

tC

<210> 5
<211> 22

<212> DNA _ _
<213> Artif1c1a1 sequence

<220>
<223> Primer

<400> S
cgccaagctc ttcagcaata

<210> 6
<211> 918
<212> DNA
<213> sgpl30(d1-03)_wt

<400> 6
atggaactgc tggacccgtg

agcaatttca ccgcggtttg

gcgaactaca ttgtgtggaa

attaaccgta ccgcgagcag

acctgcaaca ttctgacctt

agcggcctgc cgccggaaaa

atgcgctgcg aatgggatgg

agcgaatggg cgacccacaa

tgcaccgttg attacagcac

aacgccctgg gtaaagtcac

ccgaatccgc cgcataatct

ctgacctgga ccaacccgag

cgcaccaaag atgccagcac

agcagcttca ccgttcagga

atgaaagaag atggtaaagg

tatgaagatc gtccgtga

<210> 7
<211> 918
<212> DNA

cggttatatc

tgtgctgaaa

aaccaaccat

cgttaccttt

cggtcaactg

accgaaaaat

tggtcgcgaa

atttgcggat

cgtgtacttc

cagcgatcat

gagcgtgatc

cattaagagc

ctggagccag

tctgaaaccg

ctactggagc

<213> Artificia1 sequence

<220>
<223> sgp130(Dl-03)_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

93tt9939C9

agtcctgaat

gaaaaatgta

tttactattc

acagatatag

gcccagttgt

tggattattt

cgaaagaaca

cgagcctgaa

tttatggcat

ttgtgaacga

aaaccaactt

aacgcgatac

aagtgtgggt

atccggtgta

aactgagcag

tgaaatacaa

aagataccgc

atgtgtttcg

aagaagcgag

ctccagttgt

tggattattt

ctaaggagca

Cttcattaaa

tcaactgcat

ccacgtcaac

gtataccatc

cattcaactg

caccatcatt

aggcaaaaaa

caccctgaaa

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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acttgcaaca ttcttacatt cggacagctt gaacagaatg

tcgggcttgc ctccagaaaa acctaaaaat ttgagttgca

atgaggtgtg agtgggatgg tggaagggaa acacacttgg

ggg caacacacaa gtttgctgat tgcaaagcaatctgaat

tgcactgttg attattctac tgtgtatttt gtcaacattg

aatgcccttg ggaaggttac atcagatcat atcaatcttg

cccaatccgc cacataattt atcagtgatc aactcagagg

ttgacat

aggacca

tCttCat

atgaagg

gga ccaacccaag tattaagagt gttataatac

aag atgcctcaac ttggagccag attcctcctg

tca ctgtccaaga ccttaaacct tttacagaat

aag atggtaaggg étactggagt gactggagtg

tatgaagata gaccatga

<210>
<211>
<212>
(213)

<220>
<223>

<400>

Met G1u
1

v31 G1n

Cys Met

Asn His
50

A1a Ser
65

Thr Cys

I12 Thr

Cys I1e

8
305
PRT

Artifi ci a1 sequence

sgp130(Dl—D3)_wt

8 ‘.

Leu Leu Asp Pro
5

Leu His Ser Asn
20

Asp Tyr Phe His
35

meTM‘fler

Ser va1 Thr Phe
70

Asn I1e Leu Thr
85

I1e I1e Ser 61y100

Va1 Asn Glu 61y115

Cys

Phe

va1

Lys

Thr

Phe

Leu

Lys

61y Tyr I1e Ser
10

Thr A1a va1 Cys25

Asn A13 Asn Tyr40

GWu G1n Tyr Thr

Asp 11e A1a Ser
75

61y G1n Leu G1u
90

Pro Pro G1u Lys105

Lys Met Arg Cys
120

tttatggaat

ttgtgaacga

agacaaactt

aacgtgacac

aagtctgggt

atcctgtata

aactgtctag

taaaatataa

aagacacagc

atgtgtttag

aagaagcaag

cacaataatt

9999339333

cactttaaaa

ccccacctca

agaagcagag

taaagtgaag

tatcttaaaa

cattcaatat

atccacccga

gattcgctgt

tgggatcacc

Pro G1u Ser Pro va1

va1
30

15

Leu Lys 61u Lys

I1e va1 Trp Lys Thr
45

Ile I1e Asn Arg Thr
60

Leu Asn I1e G1n Leu
80

G1n Asn V31 Tyr 61y95

Pro Lys Asn Leu Ser
110

G1u Trp Asp Gly 61y125

300

360

420

480

540

600

660

720

780

840

900

918
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Arg

Thr
145

va]

Phe

va]

Asn
225

Arg

A]a

G]u

Trp

Pro
305

G]u
130

His

Thr

G]u

Asp

I]e
210

Pro

Thr

Ser

Tyr

Ser
290

<210> 9
<le> 3
<212> P
<213>

<220>
<223>

<400> 9

1

Thr

Lys

Va]

A]a

Pro
195

ASH

Ser

Lys

Thr

Va]
275

Asp

05
RT

His

Phe

Asp

G]u
180

Va]

Ser

I]e

Asp

Arg
260

Phe

Trp

Leu

A]a

Tyr
165

Asn

Tyr

G]u

Lys

A1a
245

SET

Arg

Ser

G]u

A]a

Lys

G]u

Ser
230

Ser

Ser

I]e

G]u

sgp13OCD-03)_opt

EP1 630 232 A1

Thr Asn
135

Cys Lys

Thr Va]

Leu G]y

Va] Lys200

Leu Ser
215

Va] I]e

Thr Trp

Phe Thr

Arg Cys

G]u A]a
295

Artificia] sequence

Met G]u Leu Leu Asp Pro Cys G]y5

Phe

A]a

Tyr

Ser

I]e

Ser

Va]
265

Met

Ser

Tyr

Va] G]n Leu His Ser Asn Phe Thr A]a
20 25

Cys Met ggp Tyr Phe His Va] Asn A1a40

10

Thr Leu

Lys Arg
155

Phe Va]
170

Va] Thr

Asn PFO

I]e Leu

Leu Lys

G]n I]e

G1n Asp

Lys G]u

G]y I]e

I]e Ser
10

Va] Cys

Asn Tyr

Lys
140

Asp

Asn

ser

PTO

Lys
220

Tyr

Pro

Leu

Asp

Thr
300

Pro

Va]

I]e

Ser

Thr

I]e

Asp

His
205

Leu

ASH

Pro

Lys

G]u

G]u

PTO

G]u

His
190

Asn

Thr

I]e

G]u

Pro
270

Lys

G]u

Ser

Trp

Thr

Va]
175

I]e

Leu

Trp

G]n

Asp

Phe

G]y

Asp

Pro
15

A1a

Ser
160

Trp

Asn

Ser

Thr

Tyr
240

Thr

Thr

Tyr

APg

Va]

Leu Lys G]u Lys
30

va] Trp Lys Thr45
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A5"

A13
65

Thr

I'le

cys

Arg

Thr
145

Cy S

va1

Phe

Va'l

ASH
225

Arg

A1a

G1u

Trp

Pro
305

His
50

Ser

Cys

Thr‘

116:

G‘lu
130

His

Thr

G“lu

Asp

I1e
210

Pro

Thr'

Ser‘

Ty r

Ser
290

Phe

Ser

ASH

I12

va‘l
115

Thr

Lys

V31

A1a

FPO
195

ASH

Ser

Thr

Va]
275

Asp

Thr

va1

I‘Ie

I1e
100

A511

H‘is

Phe

Asp

(311.:
180

Va1

Ser

I1e

Asp

Trp

I'le

Thr

Leu
85

Ser

G1u

Leu

A1a

Tyl"
165

Asn

G1u

Lys

A‘Ia
24S

Ser‘

Arg

Ser‘

Pro

Phe
70

Thr

61y

61y

GIu

A1a

Lys

G1u

Ser
230

Sal"

Ser

I1e

(flu

EP1 630 232 A1

Lys

Thr

Phe

Leu

Lys

Thr
135

Cys

Thr

Leu

Va]

Leu
215

va‘l

Thr

Phe

Arg

61u

Asp

61y

Pro

Va1

G1y

Lys
200

Ser

115:

Tr‘p

Thr

Cys
280

G111

IIe

GTn

Pro
105

Met

Phe

A‘la

Tyr

Ser

I1e

SCI”

Va1
265

Met

G1u Ma Ser
295

11

Tyr

Ala

Leu
90

GM

Arg

Thr

Phe
170

Va]

Asn

112

Leu

Lys

G1y

Thr

Ser‘
75

G1u

Cys

Leu

Arg
155

V31

Thr

Pro

LEU

Asp

G'lu

Ile

I15:
60

Leu

G1n

Pr‘o

G1u

Lys
140

A50

A511

Ser‘

PFO

Lys
220

Tyr

Pro

Leu

Asp

Thr
300

He

ASH

ASH

Lys

Trp
125

Ser

Thr

116:

Asp

His
205

Leu

ASH

PI‘O

Lys

ASH

I1e

Va}

AS"
110

Asp

G1"

Pro

G1u

His
190

A511

Thr

Ile

G1u

Pro
270

Lys

G'Iu

Arg

Gin

61y

Tr‘p

THr

va‘l
175

He

Leu

Trp

Gln

Asp

Phe

61y

Asp

Thr

LED
80

61y

ser

G‘ly

Ma

Ser
160

Trp

Asn

Ser

Thr

Thr

Tyr

Arg
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<210> 10
<211> 2511

<212> DNA_<213> art1

<220>
<223> sgpl

<400> 10
atgttgacgt

acaggtgaac

cattctaatt

aatgctaatt

atcataaaca

ctcacttgca

atttcgggct

aaaatgaggt

aaatctgaat

tcatgcactg

gagaatgccc

aagcccaatc

aaattgacat

tataggacca

cgatcttcat

tgtatgaagg

acctatgaag

actcaaggct

ggaaaaatct

acagttaatg

acagtaagaa

tttcaagcta

gtggaatgga

tcagataaag

tatttaagag

gctgatggac

aaaggaccta

caacttcctg

atcattggaa

ficia]

30Fc_wt

tgcagacttg

ttctagatcc

tcactgcagt

acattgtctg

gaacagcatc

acattcttac

tgcctccaga

gtgagtggga

gggcaacaca

ttgattattc

ttgggaaggt

cgccacataa

ggaccaaccc

aagatgcctc

tcactgtcca

aagatggtaa

atagaccatc

acagaactgt

tggattatga

ccacaaaact

atcttgttgg

ctcaccctgt

ctactccaag

caccctgtat

ggaacttagc

caggaagccc

ctgttcggac

ttgatgttca

atgaaactgc

EP1 630 232 A1

gctagtgcaa

atgtggttat

ttgtgthta

gaaaacaaac

cagtgtcacc

attcggacag

aaaacctaaa

tggtggaagg

caagtttgct

tactgtgtat

tacatcagat

tttatcagtg

aagtattaag

aacttggagc

agaccttaaa

gggatactgg

taaagcacca

acaactcgtg

agtgactctc

gacagtaaat

caaatcagat

aatggatctt

ggaatctgta

cacagactgg

agagagcaaa

tgaatccata

aaaaaaagta

gaatggattt

tgtgaatgtg

gccttgttta

atcagtcctg

aaggaaaaat

cattttacta

tttacagata

cttgaacaga

aatttgagtt

gaaacacact

gattgcaaag

tttgtcaaca

catatcaatt

atcaactcag

agtgttataa

cagattcctc

cctttfacag

agtgactgga

agtttctggt

tggaagacat

acaagatgga

ctcacaaatg

gcagctgttt

aaagcattcc

aagaaatata

caacaagaag

tgctatttga

aaggcatacc

gggaaaaacg

atcagaaatt

gattcttccc

12

ttttcctcac

aatctccagt

gtatggatta

ttcctaagga

tagcttcatt

atgtttatgg

gcattgtgaa

tggagacaaa

caaaacgtga

ttgaagtctg

ttgatcctgt

aggaactgtc

tactaaaata

Ctgaagacac

aatatgtgtt

gtgaagaagc

ataaaataga

thCtCCttt

aatcacattt

atcgctatct

taactatccc

ccaaagataa

tacttgagtg

atggtaccgt

taacagttac

ttaaacaagc

aagctgtctt

atactatatt

acacagaata

cactgaatct

tgtacaactt

ttttcatgta

gcaatatact

aaatattcag

aatcacaata

Cgaggggaag

cttcacttta

cacccccacc

ggtagaagca

atataaagtg

tagtatctta

taacattcaa

agcatccacc

taggattcgc

aagtgggatc

tccatcccat

tgaagccaat

acaaaattac

agcaacccta

tgcctgtgac

catgctttgg

gtgtgtgtta

gcatcgcacc

tccagtatat

tccaccttcc

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

aaggatggtc cagaattcag

cctgaagccg agggcgcgcc

atgatct

gaggtca

cgggagg

gactggc

atcgaga

cccccat

ttctatc

aagacca

gtggaca

ctgcaca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

met Leu
1

Thr Thr

Pro G1u

Va1 Leu
50

I1e Va1
65

I1e I1e

Leu Asn

G1n Asn

ccc ggacccctga

agt tcaactggta

agc agtacaacag

tga atggcaagga

aaa ccatctccaa

ccc gggaggagat

cca gcgacatcgc

cgc ctcccgtgct

aga gcaggtggca

acc actacacgca

11
835
PRT
artificia1

sgp130Fc_Wt

11

Thr Leu G1n Th
5

G1u ser Thr 61
20

Ser Pro Va1 Va
35

Lys G1u Lys Cy

Trp Lys Thr As70

Asn Arg Thr A185

I19 G1n Leu Th
100

Tyr Tyr G1y I1
115

EP1 630 232 A1

gtacatggta cgaatggcag

atcttgtgac aaaactcaca

gtcagtcttc CtCItCCCCC

ggtcacatgc gtggtggtgg

cgtggacggc gtggaggtgc

cacgtaccgt gtggtcagcg

gtacaagtgc aaggtctcca

agccaaaggg cagccccgag

gaccaagaac caggtcagcc

cgtggagtgg gagagcaatg

ggactccgac ggctccttct

gcaggggaac gtcttctcat

gaagagcctc tccctgtctc

r Trp Leu Va1

y G1u Leu Leu
25

1 G1n Leu His
40

5 Met Asp Tyr
55

n His Phe Thr

a Ser Ser Va1

r Cys Asn I1e105

e Thr I1e I1e
120

G1n
10

Asp

Ser

Phe

I1e

Thr
90

Leu

Ser

13

A13

PFO

Asn

His

Pro
75

Phe

Thr

G1y

catacacaga

catgcccacc

caaaacccaa

acgtgagcca

ataatgccaa

tcctcaccgt

acaaagccct

aaccacaggt

tgacctgcct

ggcagccgga

tcctctatag

gctccgtgat

cgggtaaatg

Leu

cys

Phe

Va1
60

Lys

Thr

Phe

Leu

Phe

61y

Thr
45

AS”

G1u

Asp

61y

Pro
125

I1e

Tyr
30

A13

A1a

G1n

I1e

G1n
110

Pro

tgaaggtggg

gtgcccagca

ggacaccctc

cgaagaccct

gacaaagccg

cctgcaccag

cccagccccc

gtacaccctg

ggtcaaaggc

gaacaactac

caagctcacc

gcatgaggct
a

Phe Leu
15

I1e Ser

Va1 Cys

Asn Tyr

Tyr Thr
80

A1a Ser
95

Leu G1u

G1u Lys

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2511
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Pro

NG1u
145

Lys

Asp

Asn

58F

Pro
225

Lys

Tyr

PFO

Leu

Asp

Thr

Thr

Thr
385

Lys Asn
130

Trp Asp

Ser Glu

Thr Pro

ITe GTu
195

Asp His
210

His Asn

Leu Thr

Asn 112

Pro G1u
27S

Lys Pro
290

61y Lys

Tyr Glu

PFO Ser

Leu Pro
355

Leu Thr
370

Lys Leu

LEU

G1y

Trp

Thr
180

Va1

I12

Leu

Trp

G1n
260

Asp

Phe

61y

Asp

His
340

Pro

Arg

Thr

Ser Cys

61y Arg

A1a Thr
165

Ser Cys

Trp Va1

Asn Phe

Ser Va1
230

Thr Asn
245

Tyr Arg

Thr A1a

Thr G1u

Va1 Trp
310

Arg Pro

Thr G1n

Phe G1u

Trp Lys

Va] Asn
390

IIe
13S

G1u

His

Thr

G1u

Asp

I1e

PFO

Thr

Ser

Tyr

58F

SEF

61y

A1a

Ser
375

LEU

EP1 630 232 A1

Va1

Thr

Lys

Va1

A1a
200

Pro

Asn

Ser

Thr
280

va1

ASP

Lys

Tyr

AS"
360

His

Thr

Asn G1u

His Leu

Phe A1a
170

GTu Asn

va1 Tyr

Ser G1u

I12 Lys

Asp Ala
265

Arg Ser

Phe Arg

Trp Ser

A13 Pro
330

Arg Thr

61y Lys

Leu GIn

Asn Asp
395

14

61y Lys
140

G1u Thr
155

Asp Cys

Ser Thr

A1a Leu

Lys Va1
220

G1u Leu

Ser Va1

Ser Thr

Ser Phe

I1e Arg

G1u GTu
315

Ser Phe

va1 G1n

I1e Leu

Asn Tyr
380

Arg Tyr

Lys

Asn

VaT

Ser

I1e

Trp

Thr
285

Cys

A1a

Trp

LEU

Leu

Met

Phe

A1a

Tyr
190

Lys

Pro

Ser

I1e

Ser
270

Va]

Met

Ser

Tyr

va1
350

Tyr

va1

Ala

Arg

Thr

Lys

Phe

Va1

ASH

11e

Leu
255

GTn

G1n

Lys

61y

Lys

Trp

G1u

ASH

Thr

Cys

Leu
160

Arg

VaT

Thr

PFO

Leu
240

Lys

119

Asp

G1u

Ile
320

I19

Lys

Va]

A1a

Leu
400
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Thr

PI‘O

Phe

Ser

Pro
465

Tyl'

Thr

Tyr

Lys

Asp

112

Tyr

A13

His

V31 Arg Asn

A13

PFO

V31
450

Cys

Leu

PFO

LEU

V31
530

V31

I1e

Thr

A13

I12

G1u

Cys

Lys

I1e

Arg

va1

Lys
515

61y

G1n

G1y

Leu

Tyr'
595

Lys

PI‘O

Ser

Asp

Lys

Thr

G1y

Lys

ASI"

ASH

SEI"
580

Thr

Thr

Ser

Arg

Pro
650

Leu
405

Phe

ASH

ASP

AS”
485

A13

A13

A571

G1y

G1u
565

Ser‘

Asp

His

v31

Thr
645

G1u

EP1 630 232 A1

va1 61y Lys

G1n

Met

I1e

470

Leu

Asp

Pf‘O

G1u

Phe
550

Thr

Leu

G1u

Thr

Phe
630

Pro

A13

Leu

Leu
455

p G1n

A13

61y

PI'O

A13
535

112

A13

Thr

G1y

CyS
615

Leu

Thr

Gln

G1u

PFO

Ser
520

V31

Arg

va1

Ser

Phe

Ser

Trp

G1u

Ser-

50

Lys

Leu

Asn

ASI’I

Asp

Lys

Pro

Pro

G1u V31 Thr

va1 Lys Phe Asn665

Asp
410

Pro

G1u

Cys

Asp

61y

G1u

Tyr

V31
570

Thr

Asp

Cys

PI‘O

Cys
650

Trp

15

A13

v31

Trp

V31

Cys

Pro

Pro

Trp

Thr
555

Asp

Leu

61y

PFC

Lys
635

A13

Met

Thr

Leu
460

Thr

Tyr

G1u

Thr

Ser'

Tyr

Pro

A13
620

Pro

V31

ASP

Thr
445

Ser

V31

Leu

Ser

va1
525

G1n

Phe

Ser

Met

G1u
605

PI'O

Lys

V31 v31 V31

Tyr V31 Asp

Leu

LEU
430

Pro

ASP

His

I1e

I12
510

Arg

Leu

Tyr

His

va1
590

Phe

G1u

Asp

Asp

G1y
670

Thr
415

Lys

Arg

Lys

Arg

Thr
495

Thr

PI‘O

Arg

Thr
575

Arg

Arg

A13

Thr

V31
655

va1

I1e

A13

G1u

A13

Thr
480

va1

A13

Lys

va1

Thr
560

G1u

Met

ser

G1u

Leu
640

Ser

G1u
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va1 His

Tyr Arg

61y Lys

Ila G1u

Va} Tyr

SEF LED

G1u Trp

Va] Leu
785

Asp Lys

His GTu

Pro 61y

<210>
<211>
<212>
<213>

<220>
<223>

<400>
atgctga

acaggag

cattcta

aacgcca

atcatca

ctgacct

atctctg

Asn A1a
67S

va1 Va}

GTu Tyr

Lys Thr

Thr Leu
740

Thr Cys
755

Giu Ser

Asp ser

Ser Arg

A1a Leu
820

Lys
835

12
2511
DNA

Lys

Ser

Lys

IIe
725

Pro

L2H

AS"

Asp

artificial

sgpl30Fc-

12
cac tgcagacatg

agc

act

act

acc ggaccgcttc

gca

gcc

opt

tgctggatcc

tcaccgccgt

acatcgtgtg

acatcctgac

tgcctccaga

Thr Lys

val Leu
695

Cys Lys

Ser Lys

Pro Ser

va1 Lys

G1n Pro
775

61y ser

G1n G1n

Asn His

EP1 630 232 A1

Pro
680

Thr

Val

Aia

Arg

Y
760

Giu

Phe

G1y

Tyr

gctggtgcag

ttgcggctat

gtgtgtgctg

gaaaaccaac

ttctgtgacc

ctttggacag

gaagcctaag

Arg GWu

Va] Leu

Ser Asn

Lys 61y

G1u G1u
745

Phe Tyr

ASH Asn

Phe Leu

Asn va1
810

Thr G1n
825

G1u

His

Lys

G1n

met

PPD

Tyr

Tyr

Phe

Lys

gccctgttta

atctcccctg

aaggaaaagt

cacttcacca

ttcaccgata

ctggagcaga

aacctgtcct

16

Gln Tyr
685

Gin Asp700

Ala Leu

Pro Arg

Thr Lys

Ser Asp

Lys Thr
780

Ser Lys

Ser Cys

Ser Leu

Asn

Trp

Pro

G1u

Asn
750

I12

Thr

Leu

Ser

Ser
830

tctttctgac

agtctcctgt

gcatggacta

tccccaagga

tcgcctccct

atgtgtacgg

gcatcgtgaa

Ser Thr

Leu Asn

A1a Pro
720

Pro G1n
73S

G1n Va]

A1a Va]

Pro Pro

Thr v31
800

va1 Met
815

Leu Ser

caccgagtct

ggtgcaQCtg

cttccacgtg

gcagtacacc

gaatatccag

catcaccatc

tgagggcaag

60

120

180

240

300

360

420
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aagatgaggt

aagtctgagt

tcttgcaccg

gagaatgctc

aagcctaacc

aagctgacct

tacaggacca

agatccagct

tgcatgaagg

acctacgagg

acccagggct

ggcaagatcc

accgtgaacg

accgtgagaa

tttcaggcta

gtggagtgga

tctgataagg

tacctgagag

gctgatggac

aagggaccta

cagctgcctg

atcatcggca

tctctgacct

aaggatggac

cctgaggctg

atgatctcca

gaggtgaagt

agggaggagc

gattggctga

atcgaaaaga

cctccatcta

ttctaccctt

aagaccaccc

gtggacaagt

gtgagtggga

gggccaccca

tggactactc

tgggcaaggt

ctcctcacaa

ggaccaaccc

aggatgcttc

tcacagtgca

aggatggcaa

acagaccttc

atagaacagt

tggactatga

ctaccaagct

atctggtggg

cccaccctgt

caacacctag

ccccttgcat

gcaatctggc

ctggctctcc

ccgtgaggac

tggatgtgca

atgagaccgc

ctgacaccct

ctgagttcag

agggcgctcc

gaacccctga

tcaactggta

agtacaactc

acggcaagga

ccatctccaa

gggaggagat

ctgatatcgc

ctcctgtgct

ctagatggca

EP1 630 232 A1

t99C99C393

caagtttgcc

caccgtgtac

gacctctgac

cctgtccgtg

ttccatcaag

tacctggtct

ggacctgaag

gggctattgg

taaggcccct

9C39Ct99t9

ggtgaccctg

gaccgtgaac

caagtctgat

gatggatctg

agagtccgtg

cacagattgg

cgagtctaag

tgagtctatc

aaagaaggtg

gaacggcttc

cgtgaacgtg

gtacatggtg

atcctgcgac

ttCtgtgttt

ggtgacatgt

cgtggatggc

cacctacaga

gtacaagtgc

ggctaaggga

gaccaagaat

tgtggagtgg

ggattctgac

gcagggcaac

gagacacatc

gactgcaagg

ttcgtgaaca

cacatcaact

atcaactctg

tccgtgatca

cagatccctc

ccttttaccg

tctgactggt

agcttctggt

tggaaaaccc

accagatgga

ctgaccaacg

gctgctgtgc

aaggccttcc

aagaagtaca

cagcaggagg

tgctatctga

aaggcctacc

ggcaagaacg

atccggaact

gattcttccc

agaatggccg

aagacccaca

ctgttccccc

9‘99t99t99

gtggaggtgc

gtggtgtctg

aaggtgtcca

cagcctagag

caggtgtccc

gagtctaatg

ggctccttct

gtgttctctt

17

tggagaccaa

ccaagagaga

tcgaggtgtg

tcgaccccgt

aggagctgtc

tcctgaagta

ctgaggatac

agtacgtgtt

ctgaggaggc

acaagatcga

tgcctccatt

agtctcacct

atagatacct

tgaccatccc

ccaaggataa

tcctggagtg

atggcaccgt

tcaccgtgac

tgaagcaggc

aggctgtgct

acaccatctt

acaccgagta

cttataccga

cctgtcctcc

caaagcctaa

atgtgtctca

acaatgctaa

tgctgacagt

acaaggctct

agcctcaggt

tgacctgtct

gccagcccga

tcctgtactc

gttccgtgat

cttcaccctg

tacccctacc

99t99399Ct

gtacaaggtg

thtatcctg

caacatccag

cgcttccacc

caggatccgg

ttctggcatc

cccttctcac

cgaggctaat

gcagaactac

ggctaccctg

tgcctgtgat

catgctgtgg

gtgcgtgctg

gcatagaacc

ccctgtgtat

tcctccatct

ggagtgggat

ctaccggacc

cacactgtcc

t93999C99C

ttgtcctgct

ggataccctg

tgaggacccc

gaccaagcct

gctgcatcag

gcctgctcct

gtacacacig

ggtgaagggc

gaacaattac

caaactgacc

gcacgaggct

$80

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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EP1 630 232 A1

ctgcacaatc actataccca gaagtccctg tctctgtctc ctggcaagtg a

<210>
(211)
<212>
<213>

<220>
<223>

<400>

13
835
PRT
artificia1

sgp130Fc-opt

13

Met Leu Thr Leu
1

Thr Thr G1u Ser

Pro Glu

va1 Leu
50

I1e Va1
65

I1e I1e

Leu ASH

G1n Asn

Pro Lys

G1u Trp
145

Lys Ser

Asp Thr

Asn I1e

Ser Asp

20

G1n
5

Thr

Ser Pro va1
35

Lys

Trp

ASH

I1e

Tyr
115

Asn

Asp

G1u

PFO

Glu
195

His

G1u

Lys

Arg

G1n
100

Tyr

LBU

G1y

Trp

Thr
180

Va]

112

Lys

Thr

Thr
85

LEU

61y

SET

61y

Ala
165

Ser

Trp

Asn

Thr Trp

61y G1u

Va1 G1n

Cys Met
55

Asn His
70

A13 Ser

Thr Cys

:12 Thr

Cys I1e
135

Ar G1u
15

Thr His

Cys Thr

Va1 G1u

Phe Asp

Leu

Leu

LED
40

Asp

Phe

SEF

Asn

I18
120

va1

Thr

va1

A1a
200

Pro

Va] G1n A1a
10

Leu Asp Pro
25

H15 Ser Asn

Tyr Phe His

Thr I1e Pro
75

va1 Thr Phe
90

I1e Leu Thr
105

I1e Ser G1y

Asn Glu 61y

His Leu G1u
155

Phe A1a Asp170

Asp Tyr ser

Glu Asn A1a

Va1 Tyr Lys

18

Leu

Cys

Phe

va1
60

Lys

Thr

Phe

Leu

Lys
140

Thr

Cys

Thr

Leu

va1

Phe

61y

Thr
45

Asn

clu

Asp

G1y

Pro
125

Lys

Asn

V31

61y

Lys

I1e

Tyr
30

A1a

A1a

G1n

I1e

G1n
110

Pro

Met

Phe

A1a

Tyr
190

Pro

Phe
15

I1e

Va1

ASH

Tyr

A1a
95

LED

G1u

Arg

Thr

va1

ASH

Leu

SEF

Cys

Ty?

Thr
80

SEF

G1u

Lys

Cys

LeU
160

Arg

Va1

Thr

Pro

2511
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210

Pro His Asn Leu Ser‘
225

Lys Leu Thr

Tyr Asn I1e

Pro Pro G1u

Leu ProLys
290

Asp 61y Lys

Thr Tyr G1u

Asp Pro Ser

Thr Leu Pro
355

Thr Leu Thr
370

Thr Lys Leu
385

Thr va1 Arg

Pro A1a Cys

Phe Pro Lys

Ser Va1 Lys450

Pro Cys I1e465

Tyr Leu Arg

Trp

G1n
260

A59

Phe

G1y

Asp

His
340

Pro

Arg

Thr

ASH

Asp

Lys

Thr

61y

Thr
245

Tyr

Thr

Thr

va1

Phe

Trp

va1

Leu
405

Phe

ASn

Tyr

Asp

ASD

Va1
230

Asn

Arg

A1a

G1u

G1n

G1u

Lys

AS”
390

Va1

G1n

Met

I1e

215

I1e

PFO

Thr

Ser

Tyr
295

Ser

Ser

61y

A1a

Ser
375

Leu

G1y

A1a

Leu

Leu
455

Gln

A1a

EP1 630 232 A1

Asn

Ser

Thr
280

val

Asp

Lys

Tyr

Asn
360

His

Thr

Lys

Thr

G1n

G1u

Ser

116

Asp

Arg

Phe

Trp

A1a

Arg

G1y

Leu

ASH

Ser

His
425

Va]

Trp

G1u

Ser

Ser

Arg

Ser

Pro
330

Thr

Lys

G1n

Asp

Asp
410

Pro

G1u

Asp

Lys

19

220

G1u Leu
235

Ser Va1

Ser Thr

Ser Phe

I1e Arg

G1u G1u
315

Ser Phe

va1 G1n

I1e Leu

Asn Tyr
380

A1a A1a

Va] Met

Trp Thr

Va1 Leu
460

G1y Thr475

Cys Tyr

Ser

I1e

Trp

Thr
285

Cys

A1a

Trp

Leu

Asp

Thr

Leu

va1

Asp

Thr
445

Ser

va1

Leu

Ser

I1e

Ser
270

va1

Met

Ser

Tyr

Va1
350

Tyr

Va]

A1a

Leu

Leu
430

Pro

Asp

His

I1e

I1e

Leu
255

G1n

G1n

Trp

G1u

ASH

Thr

Thr
415

Lys

Arg

Lys

APg

Thr

Leu
240

Lys

I1e

ASD

G1u

I1e
320

I1e

Lys

va1

A1a

Leu
400

I1e

A13

G1u

A1a

Thr
480

va1
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Thr

Tyr

Lys

ASP
545

Ile

Tyr

Ala

61
62

met

His

Val

Tyr

Gly

Ile

val

Ser

PFD

Leu

Val
S30

Val

Ile

Thr

Ala

Asp
610

Ala

Ile

Glu

His

Leu

Val

Gly

Gln

Gly

Leu

Tyr
595

Lys

Pro

Ser

Asp

Asn
675

val

Glu

Lys

Thr

Thr

485

Tyr Ala
500

Gln Ala

Lys Asn

Asn Gly

Asn Glu
565

Ser Ser
580

Thr Asp

Thr His

Ser val

Arg Thr645

Pro Glu
660

Ala Lys

val Ser

Tyr Lys

Thr Ile
725

Leu Pro
740

Cys Leu

Asp

Pro

Glu

Phe
550

Thr

LeU

Glu

Thr

Phe
630

Pro

val

Thr

val

PFO

val

PFO

Ala
S35

Ile

Ala

Thr

Gly

Cys

Leu

Glu

Lys

Lys

LeU
695

Lys

Lys

Ser

Lys

EP1 630 232 A1

Pro

Ser
520

val

Arg

val

Ser

Gly600

Pro

Phe

Val

Phe

Pro
680

Thr

Val

Ala

Arg

Gly

Leu

Asn

ASH

FPO

Pro

Thr

Asn
665

Arg

val

Ser

Glu
74S

Phe

Glu

Tyr

Val
S70

Thr

Asp

Cys

PFO

Glu

Leu

ASH

Tyr

20

Pro

Pro

Trp

Thr
555

Asp

Leu

Gly

Pro

Lys

val

Glu

His

Lys

Gln

Met

PFO

Glu

Thr

Asp
540

Ile

Ser

Tyr

Pro

Ala
620

Pro

Val

Val

Gln

Gln
700

Ala

PFO

Thr

Ser

Ser

val
SZS

Gln

Phe

58F

Met

Glu
605

Pro

Lys

Val

Asp

Tyr
685

Asp

Leu

Arg

Lys

Asp

495

Ile Lys
510

Arg Thr

Leu PFO

Tyr Arg

His Thr
575

val Arg
590

Phe Arg

Glu Ala

Asp Thr

Asp val
655

Gly Val

ASH Ser

Trp Leu

Pro Ala

Glu Pro
735

Asn Gln
750

Ile Ala

Ala

Lys

Val

Thr
560

Glu

Met

Ser

Glu

Leu
640

ser

Glu

Thr

Asn

Pro
720

Gln

val

Val
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755

(31 u Trp (flu
770

val Leu Asp
785

Ser

Ser

Asp Lys Ser Arg

His G1u A13

Pro 61y Lys835

Leu
820

EP1 630 232 A1

760

Asn G1n Pro G1u Asn
775

Asp 61y Ser Phe Phe
790

Trp G1n G1n 61y Asn
805

His Asn His Tyr Thr
825

Asn Tyr

Leu Tyr
795

V31 Phe
810

G1n Lys

765

Lys Thr Thr Pro Pro
780

Ser Lys Leu Thr Va“!
800

Ser Cys ser Va1 Met
81$

Ser Leu ser Leu Ser
830

Annex to the application documents - subsequently filed sequences listing

[0033]
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<110>

<120>

<l30>

<140>
<l41>

<160>

<170>

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Met Leu Thr Leu Gln Thr Trp Va1 Va] Gin Ala Leu Phe I1e Phe Leu1

EP1 630 232 A1

SEQUENCE LI STING

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. ‘ .
Art1f1c1a1 sequence

secretory leader sequence of sgpl30
1

5

Thr Thr c1u Ser Thr 61y

<210>
<211>
<212>
<213>

<220>
<223>

<400>

20

2
20
DNA_ _ _
Art1f1c1a1 sequence

Primer

2
atgaggtgtg 39‘9993t99

<210>
<211>
<212>
<213>

<220>
<223>

<400>

3
22
DNA

Artificial sequence

Primer

3
accttgcact tgtactcctt gc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

4
21
DNA

Artificia1 sequence

Primer

4
gatgcctgct tgccgaatat c

10

22

20

22

21
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cggttatatc

tgtgctgaaa

aaccaaccat

cgttaccttt

cggtcaactg

accgaaaaat

tggtcgcgaa

atttgcggat

cgtgtacttc

cagcgatcat

gagcgtgatc

cattaagagc

ctggagccag

tctgaaaccg

ctactggagc

'<210> 5
<211> 22
<2125 DNA
<213> Artificial sequence

<220> ‘<223> Pr1mer

<400> 5
cgccaagctc ttcagcaata tc

<210> 6
<211> 918
<212> DNA
<213> Artificia1 sequence

<220>
<223> sgp130(d1-D3)_opt

<400> 6
atggaactgc tggacccgtg

agcaatttca ccgcggtttg

gcgaactaca ttgtgtggaa

attaaccgta ccgcgagcag

acctgcaaca ttctgacctt

agcggcctgc cgccggaaaa

atgcgctgcg aatgggatgg

agcgaatggg cgacccacaa

tgcaccgttg attacagcac

aacgccctgg gtaaagtcac

ccgaatccgc cgcataatct

ctgacctgga ccaacccgag

cgcaccaaag atgccagcac

agcagcttca ccgttcagga

atgaaagaag atggtaaagg

tatgaagatc gtccgtga

<210> 7
<211> 918
<212> DNA
<213> Artificia] sequence

<220>
<223> sgp130(Dl-DS)_wt

<400> 7

agcccggaaa

gagaagtgta

ttcaccatcc

accgatatcg

gaacagaatg

ctgagctgca

acccacctgg

tgcaaagcga

gtgaacattg

atcaactttg

aacagcgaag

gttatcatcc

attccgccgg

tttaccgaat

gattggagcg

gcccagttgt

tggattattt

cgaaagaaca

cgagcctgaa

tttatggcat

ttgtgaacga

aaaccaactt

aacgcgatac

aagtgtgggt

atccggtgta

aactgagcag

tgaaatacaa

aagataccgc

atgtgtttcg

aagaagcgag

tcaactgcat

ccacgtcaac

gtataccatc

cattcaactg

caccatcatt

aggcaaaaaa

caccctgaaa

cccgacctct

ggaagcggaa

caaagtgaaa

catcctgaaa

cattcagtat

gagcacccgt

cattcgctgt

cggtatcacc

atggaacttc tagatccatg tggttatatc agtcctgaat ctccagttgt acaacttcat

tctaatttca ctgcagtttg tgtgctaaag gaaaaatgta tggattattt tcatgtaaat

23

22

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

918
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gctaattaca

atafiacagaa
acttgcaaca

tcgggcttgc

atgaggtgtg

tctgaatggg

tgcactgttg

aatgcccttg

cccaatccgc

ttgacatgga

aggaccaaag

tcttcattca

atgaaggaag

tatgaagata

<210> 8
(211) 305
<212> PRT

ttgtctggaa aacaaaccat

cagcatccag tgtcaccttt

ttcttacatt cggacagctt

ctccagaaaa acctaaaaat

agtgggatgg tggaagggaa

caacacacaa gtttgctgat

attattctac tgtgtatttt

ggaaggttac atcagatcat

cacataattt atcagtgatc

ccaacccaag tattaagagt

atgcctcaac ttggagccag

ctgtccaaga ccttaaacct

atggtaaggg atactggagt

gaccatga

<213> Artificia1 sequence

<220>
<223> sgpl

<400> 8

Met G1u Leu
1

va1 G1n Leu

Cys Met Asp
35

Asn His Phe
50

A1a Ser Ser
65

Thr Cys Asn

I1e Thr I1e

Cys Ile Va}

30(01—03)_wt

Leu Asp Pro
5

His Ser Asn
20

Tyr Phe His

Thr 112 Pro

Va} Thr Phe
7O

I1e Leu Thr
85

11e Ser 61y
100

Asn Glu G1y

Cys

Phe

Va1

Lys55

Thr

Phe

Leu

Lys

EP1 630 232 A1

61y

Thr

Asn
4O

G1u

Asp

Gly

PFO

Lys

tttactattc

acagatatag

gaacagaatg

ttgagttgca

acacacttgg

tgcaaagcaa

gtcaacattg

atcaattttg

aactcagagg

gttataatac

attcctcctg

tttacagaat

9acrggagtg

Tyr I1e Ser10

A1a va1 Cys
25

A1a Asn Tyr

G1n Tyr Thr

I1e A1a Ser
75

G1n Leu G10
90

Pro GIu Lys
105

Met Arg Cys

24

ctaaggagca

cttcattaaa

tttatggaat

ttgtgaacga

agacaaactt

aacgtgacac

aagtctgggt

atcctgtata

aactgtctag

taaaatataa

aagacacagc

atgtgtttag

aagaagcaag

Pro G1u Ser

va1 Leu Lys

I1e Va1 Trp
45

Ile Ile Asn
60

Leu Asn I1e

G1n Asn val

Pro Lys Asn
110

G1u Trp Asp

atatactatc

tattcagctc

cacaataatt

9999339333

cactttaaaa

ccccacctca

agaagcagag

taaagtgaag

tatcttaaaa

cattcaatat

atccacccga

gattcgctgt

tgggatcacc

Pro Va]
15

G1u Lys

Lys Thr

Arg Thr

G1n Leu
80

Tyr 61y95

LE“ Ser

61y 51y

180

240

300

360

420

480

540

600

660

720

780

840

900

918
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Arg ‘G]u
130

Thr His
145

Cys Thr

Va] G]u

Phe Asp

Va] I]e
210

Asn Pro
225

Arg Thr

Ala ser

G]u Tyr

Trp Ser
290

Pro
305

<210>
<211>
<212>
<213>

<220>
<223>

<400>

1

9
3
P

115

Thr

Lys

Va]

A]a

Pro
195

AS”

Ser

Lys

Thr

Va]
275

Asp

05
RT

His

Phe

Asp

G]u
180

Va]

Ser

I]e

Asp

Trp

Leu G]u

A]a Asp
150

Tyr ser

Asn A]a

Tyr Lys

G]u G]u

Lys Ser
230

A]a Ser
245

Ser Ser

Arg I]e

Ser G]u

Thr
135

Cys

Thr

LEU

Va]

Leu
215

va1

Thr

Phe

Arg

G]u
295

Artificia] sequence

sgp130(D—DS)_opt

9

EP1 630 232 A1

120

Asn Phe Thr

Lys

Va]

G]y

Lys
200

Ser

I]e

Trp

Thr

A]a

Tyr

Lys

Pro

Ser

I]e

Ser

Va]
265

Met

Ser

Lys

Phe
170

Va]

Asn

I]e

Leu

Gln
250

G]n

Lys

G]y

10

Leu Lys
140

Arg Asp

Va] Asn

Thr Ser

Pro Pro

Leu Lys

Lys Tyr
235

I]e Pro

Asp Leu

G]u Asp

I]e Thr
300

125

Ser

Thr

I]e

Asp

His
205

Leu

Asn

Pro

Lys

G]u

PFO

G]u

His
190

Asn

Thr

I]e

G]u

Pro
270

Lys

G]u

Trp

Thr

Va]
175

I]e

Leu

Trp

G]n

Asp

Phe

G]y

Asp

15

A1a

Ser
160

Trp

Asn

Ser

Thr

Tyr
240

Thr

Thr

Tyr

Arg

Met G]u Leu Leu Asp Pro Cys G]y Tyr I]e Ser Pro G]u Ser Pro Va]5

Va] G]n Leu His Ser Asn Phe Thr A]a Va] Cys Va] Leu Lys G]u Lys
20 25

25

30
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Pro
305

, Cys

ASD

A1a
65

Thr

I12

Cys

Arg

Thr
145

Cys

Va1

Phe

va1

Asn
225

Arg

A1a

G1u

Trp

Met

His
50

Ser

Cys

Thr

I1e

Glu
130

His

Thr

G1u

ASP

I1e
210

Pro

Thr

Ser

Tyr

ser
290

Asp Tyr
35

Phe Thr

Ser Va1

Asn I1e

I1e I1e
100

Va] Asn
115

Thr His

Lys Phe

Va1 Asp

Ala G1u
180

Pro va1
195

AS" Ser

Ser Ile

Lys Asp

Thr Arg
260

Va] Phe
275

Asp Trp

Phe

I12

Thr

EP1 630 232 A1

His Va] Asn

Pro

Phe
7O

Lys
55

Thr

Leu Thr Phe
85

Ser G1y Leu

Glu

LEU

Ala

Tyr
165

AS“

Tyr

G1u

A1a
245

Ser

Arg

ser

61y

Glu

ASP

Ser

A1a

G1u

Ser
230

Ser

Ser

I]e

G1u

Lys

Thr
135

Cys

Thr

Leu

Va1

Leu
215

vaT

Thr

Phe

Arg

61u
295

40

Glu

Asp

Gly

Pro

Lys

Va]

61y

Lys
200

Ser

Ile

Trp

Thr

A1a Asn Tyr Iie

G1n

I1e

G1n

Pro
105

Met

Phe

AIa

Tyr

Ser

Ile

Ser

Va1
265

Met

Ser

26

Tyr Thr

A1a Ser
75

Leu G1u
90

G1u Lys

Arg Cys

Thr Leu

Phe Va1
170

Va] Thr

ASH Pro

I1e Leu

Leu Lys
235

Gln 11e
250

G1n Asp

Lys G1u

61y IIe

I1e
60

Leu

G1n

Pro

G1u

Lys
140

A50

A5“

Ser

Pro

Tyr

Pro

Leu

Asp

Thr
300

va1 Trp
45

I12 Asn

Asn ITe

Asn va1

Lys Asn
110

Trp Asp

Ser GIU

Thr Pro

Iie G1u

Asp His
190

His Asn
205

Leu Thr

Asn Ile

Pro G1u

Lys Pro
270

61y Lys285

Tyr Glu

Lys

Arg

Gin

Tyr
95

Leu

61y

Trp

Thr

Va1
175

I1e

Leu

Trp

GIn

61y

ASP

Thr

Thr

Leu
80

61y

Ser

61y

A1a

Ser
160

Trp

ASH

Ser

Thr

Tyr
240

Thr

Thr

Tyr

Arg
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EP1 630 232 A1

Claims

10.

A nucleic acid molecule encoding sgp130 comprising (a) the nucleic acid sequence as (a1) depicted in Figure 2
(sgp130(D1-3)_opt) or (a2) Figure 3 (sgp130Fc_opt) or (b) a fragment or anaiogue thereof which maintains the
codon usage pattern thereof.

"he nucleic acid molecule of claim 1, wherein at least 80% of the codons altered in the nucleic acid sequence of
Figure 2 or 3 vs. the wild type sequence are present. 
An expression vector containing a nucleic acid molecule of any one of claims 1 to 3.

"he nucleic acid molecule of claim 1 or 2 which is a DNA molecule.

A host cell containing an expression vector of claim 4.

"he host cell of claim 5 which is a mammalian host ceil.

"he host cell of claim 6 which is a CHO or HEK293 cell.

"he host cell of claim 5 which is a prokaryotic cell. 
"he 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 host cell or the culture.

27
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Figure 1

A) I 99130 (extracellular pan), , , H IgG
Eukaryoles
(sgplaoFc)

 
Signal D1 DZ DS D4 05 06 Fe

B) m.-
01 Tag

39

28
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(57) Abstract

Polynucleotides encoding the human lL-ll receptor and fragments thereof are disclosed. lL-ll receptor proteins, methods for their
production, inhibitors of binding of human lL-ll and its receptor and methods for their identification are also disclosed.
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HUMAN INTERLEUKIN-ll RECEPTOR

Field of the Invention

for

expressing such proteins.

Background of the Invention

A variety of regulatory molecules, known as cytokines, have been

identified including interleukin—ll (IL-1 1). The various protein forms of IL-11

and DNA encoding various forms of lL-ll activity are described in Bennett, et

al., USPN 5,215,895 (June 1, 1993); McCoy, et al., USPN 5,270,181

(December 14, 1993); and McCoy, et al., USPN 5.291646 (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,

lL-ll 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, l448-l451);

enhancement of megakaryocyte and platelet formation (Burstein et al. (1992) J.

Cell. Physiol..
153, 305—312); stimulation of acute phase protein synthesis
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(Baumann et a]. (1991) J. Biol. Chem, 266, 20424-20427); inhibition of

adipocyte lipoprotein lipase activity (Kawashima et a1. (1991) FEBS Lett., 283,

199—202); and effects on neurotransmitter phenotype (Fann et a1. (1994) Proc.

Natl. Acad. Sci. USA, 91, 43-47).

IL—ll 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 lL-l 1. IL—

11 may also be employed in methods for treating cancer and other disease.

Such pathological states may result from disease, exposure to radiation or

drugs, and include, for example, leukopenia, bacterial and viral infections,

anemia, B cell or T cell deficiencies such as immune cell or hematopoietic cell

deficiency following a bone marrow transplantation. IL—ll 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—ll exhibits certain biological activities by

interacting with an IL-11 receptor (IL-11R) on the surface of target cells. It

would be desirable to identify and clone the sequence for the human receptor

so that IL-1 1R proteins can be produced for various reasons. including

production of therapeutics and screening for inhibitors of lL-ll binding to the

receptor and receptor signalling.

IJ
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Summag 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 N0:1 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-ll 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 N021 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 N011 from nucleotide 1067 to nucleotide 1828

or a fragment thereof; or the nucleotide sequence ofVSEQ ID NO] 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 N021 under highly stringent

conditions

The invention also provides isolated polynucleotides comprising a

nucleotide sequence encoding a peptide or protein comprising an amino acid

sequence selected from the group consisting of:

(a) the amino acid sequence of SEQ ID NO:2;

(b) the amino acid sequence of SEQ ID NO:2 from amino acids 24

top422;

(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 amino acids 112

to 422;

(f) the amino acid sequence of SEQ ID NO:2 from amino acids 112

to 365; and I

(g) fragments of (a)—(f) having a biological activity of the human IL—

11 receptor.

Host cells, preferably mammalian cells, transformed with the

polynucleotides are also provided.

In other embodiments, the invention provides a process for producing

a human IL-1 1R 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-llR protein from the culture.

Proteins produced according to these methods are also provided.

The present invention also provides for an isolated human IL-llR

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 N0:2 from amino acids 391

to 422;

(e) the amino acid sequence of SEQ ID NO:2 from amino acids 112

to 422;

(f) the amino acid sequence of SEQ ID N0:2 from amino acids 112

to 365; and

(g) fragments of (a)—(f) having a biological activity of the human IL-

II 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

sequence from amino acid 24 to 365 of SEQ ID NO:2; or the sequence from

amino acid 391 to 422 of SEQ ID NO:2. Pharmaceutical compositions

comprising a protein of the present invention and a pharmaceutically acceptable

carrier are also provided.

L13
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The present invention further provides for compositions comprising an

antibody which specifically reacts with a protein of the present invention.

Methods of identifying an inhibitor of IL—11 binding to the human IL-ll

receptor are also provided. These methods comprise:

(a) combining a human IL-1 1R protein or a fragment thereof with

IL-ll or a fragment thereof, said combination forming a first binding mixture;

(b) measuring the amount of binding between the protein and the IL-

11 or fragment in the first binding mixture;

(c) combining a compound with the protein and the ILA11 or

fragment to form a second binding mixture;

(d) measuring the amount of binding in the second binding mixture;

and

(e) comparing the amount of binding in the first binding mixture with

the amount of binding in the second binding mixture;

wherein the compound is capable of inhibiting IL—ll 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 gpl30 or a fragment thereof capable of binding to the pro’tein

of claim 11 or the IL-11 or fragment used therein. Inhibitors of ILellR

identified by these methods and pharmaceutical compositions containing them

are also provided.

Methods of inhibiting binding of IL-ll to the human IL-ll receptor in

a mammalian subject are also disclosed which comprise administering a

therapeutically effective amount of a composition containing a human IL-1 1R
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protein, an IL-11R inhibitor or an antibody to a human IL—llR protein.

Methods of treating or preventing loss of bone mass in a mammalian subject

using these compositions are also provided.

5 Brief Description of the Figures

Figure 1 depicts a schematic representation of the structures of the

human IL—Il receptor and gp130.

Figure 2 presents data demonstrating the biological activity of a soluble

form of recombinant human IL—llR 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-ll receptor (human IL»

1 IR).

15 SEQ ID NO:1 provides the nucleotide sequence of a cDNA encoding the

human IL-llR. 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-llR is believed to have the sequence of amino acids 24-422

of SEQ ID N022.

20 The mature receptor has at least three distinct domains: an extracellular

domain (comprising approximately amino acids 24-365 of SEQ ID N022). a

transmembrane domain (comprising approximately amino acids 366—390 of SEQ

ID N02) and an intracellular domain (comprising approximately amino acids

391-422 of SEQ ID N02). The extracellular domain is further divided into an
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immunoglobulin-like domain (comprising approximately amino acids 24-111 of

SEQ ID N02) 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 forms include without limitation proteins comprising amino acids 1-365

and 24-365 of SEQ ID N022. The soluble forms of the human IL-llR are

further characterized by being soluble in aqueous solution, preferably at room

temperature. Human IL-l lR 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—1 1R" or "human IL- 1 1R proteins. "

Human IL—l 1R proteins of less than full length may be produced by expressing

a corresponding fragment of the polynucleotide encoding the full-length human

IL—1 1R protein (SEQ ID NO: 1). These corresponding polynucleotide fragments

are also part of the present invention. Modified polynucleotides as described

above may be made by standard molecular biology techniques, including

construction of appropriate desired deletion mutants, site—directed mutagenesis

methods or by the polymerase chain reaction using appropriate oligonucleotide

primers.

Based upon similarity to the structure of the IL-6 receptor. it is predicted

that lL—l 1R proteins containing only the type-I cytokine domain of the

extracellular region of the full length receptor will be capable of binding IL] I

and inducing receptor signalling. As a result, IL-l 1R proteins comprising

amino acids 112 to 365 of SEQ ID NO:2. lL—llR proteins comprising amino
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acids 112 to 390 of SEQ ID NO:2, and IL-1 1R proteins comprising amino acids

112 to 422 of SEQ ID N022 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 N011 from nucleotide 1067 to nucleotide 1906, and a polynucleotide

comprising the nucleotides sequence of SEQ ID N021 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—ll receptor" if it possess one or more of the following

characteristics: (1) the ability to bind IL—11 or a fragment thereof (preferably

a biologically active fragment thereof); (2) the ability to bind to cytosolic

proteins or molecules involved in the signalling pathway invoked by IL—11

binding to human IL-1 1R; (3) the ability to produce a signal characteristic of

15 the binding of IL—11 to human IL—llR (where the protein in question either

contains a portion able to bind IL—11 or where the protein in question would

produce such signal if joined to another protein which is able to bind IL—ll);

(4) the ability to bind to gp130 or a fragment thereof (either in the presenc'e or

absence of IL-1 1); (5) the ability to induce tyrosine phosphorylation of gp130;

20 (6) the ability to induce tyrosine phosphorylation of IAK 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

Ex. 2001 - PageZO5



Ex. 2001 - Page206

W0 96/19574

10

15

2O

PCT/US95I15400

hereof, more prefereably with a KD of about 0.1 to about 100 nM, most

preferably with a KD of about 1 to about 10 nM.

Human lL-llR or active fragments thereof (human IL—llR proteins)

may be fused to carrier molecules such as immunoglobulins. For example,

soluble forms of the human IL-llR may be fused through "linker" sequences

to the Fc portion of an immunoglobulin. Other fusions proteins, such as those

with GST, Lex—A or MBP, may also be used.

The invention also encompasses allelic variations of the nucleotide

sequence as set forth in SEQ ID NO:1. that is, naturally-occurring alternative

forms of the isolated polynucleotide of SEQ ID NO: 1 which also encode

human IL—lIR proteins, preferably those proteins having a biological activity

of human IL-llR. Also included in the invention are isolated polynucleotides

which hybridize to the nucleotide sequence set forth in SEQ ID N021 under

highly stringent conditions (for example, 0.1xSSC at 65°C) Isolated

polynucleotides which encode human lL—1 1R proteins but which differ from the

nucleotide sequence set forth in SEQ ID NO:1 by virtue of the degeneracy of

the genetic code are also encompassed by the present invention, Variations in

the nucleotide sequence as set forth in SEQ ID N021 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. l_9. 4485-4490 (1991), in order

to produce the human IL-1 1R 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 &, 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-1 1R protein is expressed by a host

cell which has been transformed (transfected) with the ligated

polynucleotide/expression control sequence.

A number of types of cells may act as suitable host cells for expression

of the human IL-llR protein. Any cell type capable of expressing functional

10 human IL—llR protein may be used, Suitable mammalian host cells include,

for example, monkey COS cells, Chinese Hamster Ovary (CHO) cells, human

kidney 293 cells, human epidermal A431 cells, human Colo205 cells, 3T3 cells,

CV—l cells, other transformed primate cell lines, normal diploid cells, cell

strains derived from i_n vitro culture of primary tissue, primary explants, HeLa
 

15 cells, mouse L cells, BHK, HL-60, U937, HaK, RatZ, BaF3, 32D, FDCP-l,

PC12, Mlx or C2C12 cells.

The human IL-llR 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.. lnvitrogen, 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

1]
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the human IL—llR protein may also be produced in insect cells using

appropriate isolated polynucleotides as described above.

Alternatively, the human IL—llR 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 IL-llR 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-1 1R protein.

The human IL-1 1R 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-llR

protein of the invention can be purified from conditioned media. Membrane-

bound forms of human IL-llR protein of the invention can be purified by

preparing a total membrane fraction from the expressing cell and extracting the

10 membranes with a non-ionic detergent such as Triton X-100.

The human IL—llR protein can be purified using methods known to

those skilled in the art. For example, the human IL—llR protein of the

invention can be concentrated using a commercially available protein

concentration filter, for example, 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 diethylaminoethyl (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—

llR 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 employed to further purify the human IL-1 1R protein. Affinity

columns including lL—ll or fragments thereof or including antibodies to the IL—

llR protein can also be used in purification in accordance with known methods.

Some or all 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-llR protein

is purified so that it is substantially free of other mammalian proteins.

Human IL—llR proteins of the invention may also be used to screen for

agents which are capable of binding to human IL—llR or interfere with the

binding of IL—ll to the human IL—1 1R (either the extracellular or intracellular

domains) and thus may act as inhibitors of normal binding and cytokine action

(IL-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—1 1 R protein of the invention. Purified cell based or protein

based (cell free) screening assays may be used to identify such agents. For

example. human lL—llR protein may be immobilized in purified form on a

carrier and binding to purified human IL—1 1R 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-llR 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-llR protein, and the

5 amount of binding in the first binding mixture (B0) is measured. A second

binding mixture is also formed by combining IL-11 or a fragment thereof,

human IL-llR protein, and the compound or agent to be screened, and the

amount of binding in 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/Bu. 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 the first binding mixture is observed.

Optionally, gpl30 can be added to one or both of the binding mixtures. The

fomulation 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 thus be identified

and then secondarily screened in other binding assays and in vivo assays. By

these means compounds having inhibitory activity for lL-llR binding which

may be suitable as therapeutic agents may be identified.
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Human lL-llR proteins, and polynucleotides encoding them, may also

be used as diagnostic agents for detecting the expression or presence of IL-1 1R,

IL—11 or cells expressing IL-llR or IL—11. 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-llR acts as a mediator of the known biological activities of

IL-1 1. As a result, isolated human lL—llR protein and IL-1 1R 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—11

(collectively "IL-1 l-related conditions"). IL—l l-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 immune cell or hematopoietic cell

deficiency following a bone marrow transplantation.

It is also believed that lL-ll and IL-1 1R may play a role in the

regulation of bone maturation and repair (Girasole et a1. (1994) J. Clin. Invest.

93, 1516-1524; Passeri et al. (1992) J. Bone Miner. Res. 7(SJ), SllO Abst.;

Passeri et al. (1993) J. Bone Miner. Res. 8(Sl). 8162 Abst. ). As a result,

human lL-l 1R protein and IL-1 1R inhibitors may be useful in treatment of bone

loss (including that associated with osteoporosis. post—menopausal osteoporosis.

16
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senile osteoporosis, idiopathic osteoporosis, Pagets disease, multipe myeloma,

and hypogonadal conditions).

Human IL-llR protein and IL-llR 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-llR or ligand and carrier, diluents, 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, lL-6, IL—7, IL—8, IL-9, IL-10, IL-1 1, 1L-12,

15 IL—lS, 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-l 1R protein or IL-llR inhibitor. or

to minimize side effects caused by the isolated human IL—llR or lL—llR

inhibitor. Conversely, isolated human lL»1]R or IL-lIR inhibitor may be

included in formulations of the particular cytokine. lymphokine. other

hematopoietic factor. thrombolytic or anti—thrombotic factor. or anti—

[7
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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—llR protein or IL-llR 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 US. Patent No.

4,235,871; US. 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 that is sufficient to show a meaningful patient benefit, e.g.. amelioration

of symptoms of, healing of, or increase‘in rate of healing of such conditions.

When applied 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 lL-l 1R protein or IL-1 IR

18

Ex. 2001 - P396214



Ex. 2001 - Page215

W0 96/19574 PCTIUS95/l 5400

inhibitor is administered to a mammal. Isolated human IL-1 1R protein or IL—

llR 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-

5 administered with one or more cytokines, lymphokines or other hematopoietic

factors, human IL-llR protein or IL-1 1R 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—llR protein or IL—1 1R inhibitor in

combination with cytokine(s), lymphokine(s), other hematopoietic factor(s).

thrombolytic or anti-thrombotic factors.

Administration of human lL—l 1R protein or IL-1 1R 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.

When a therapeutically effective amount of human IL—1 1R protein or IL-

11R inhibitor is administered orally, human IL—1 1R protein or lL—l 1R 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-1 1R protein

or IL-llR inhibitor, and preferably from about 25 to 90% human lL—llR

19
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protein or IL-llR inhibitor. When administered in liquid form, a liquid carrier

such as water, petroleum, oils of animal or plant origin such as peanut oil,

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-llR protein or IL—llR inhibitor. and preferably from

about 1 to 50% human IL-llR protein or IL-llR inhibitor.

When a therapeutically effective amount of human IL-1 1R protein or IL—

llR inhibitor is administered by intravenous, cutaneous or subcutaneous

injection, human IL-1 1R protein or lL—l lR 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 an. A preferred pharmaceutical

composition for intravenous, cutaneous, or subcutaneous injection should

contain. in addition [0 human IL-llR protein or IL—llR 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 of skill in the art.

The amount of human lL-l 1R protein or IL-1 1R inhibitor in the

pharmaceutical composition of the present invention will depend upon the 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~1 1R protein or IL~11R inhibitor with which to

treat each individual patient. Initially, the attending physician will administer

5 low doses of human IL-IlR protein or IL—llR inhibitor and observe the

patient’s response. Larger doses of human lL-l 1R protein or IL—1 1R 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 pg to about 100 mg

of human IL-1 1R protein or IL—1 1R inhibitor per kg body weight.

The duration of intravenous therapy using the pharmaceutical

composition of the present invention 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-1 1R protein or IL-llR 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 lL-l 1R proteins of the invention may also be used to immunize

animals to obtain polyclonal and monoclonal antibodies which specifically react

with the human lL—llR protein and which may inhibit binding of IL-11 or

fragments thereof to the receptor. Such antibodies may be obtained using the

entire human lL—llR as an immunogen, or by using fragments of human IL-

”’1
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11R, such as the soluble mature human IL-llR. Smaller fragments of the

human IL—llR 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 irnmunogens 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 RP. Merrifield.

J.Amer.Chem.Soc. 8_5, 2149-2154 (1963); IL. Krstenansky. et al., FEBS Lett.

2L. 10 (1987).-

Neutralizing or non—neutralizing antibodies (preferably monoclonal

antibodies) binding to human IL-1 1R 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-ll binding

to the human IL—llR.

Example 1

Isolation of Human IL-l 1R cDNA

Generation of DNA Probes:

DNA probes derived from the murine Ell-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 Ell—2 sequence. The DNA probes were gel purified

and radiolabeled using a32P—dATP and a32P-dCTP.
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cDNA Librafl Screening:

cDNA was generated from activated human PBMC using the Superscript

Choice System and cloned into the EcoRI 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 NZCYM plates 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. One set of filters was hybridized with the amino-terminal probe and

10 the other set with the carboxy-terminal probe (5 x l05 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. The resulting 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 inserts was determined on an Applied Biosystems DNA

sequencer.

IJ ’4)
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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

Ex r ion of luble Hum n IL-llR Pr t in nd

Assay of Activity

A soluble form of human IL-1 1R protein was expressed in mammalian

cells. The expresssed recombinant protein was capable of transducing a signal

in BAFl30-9 cells.

A portion of the full length human IL-1 1R sequence (nucleotides 734-

1828 of SEQ ID N021 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 COSM6 cells. 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 a1. (1990) Cell 63,

1149-57), a derivative of the BAFB03 cell line expressing the human gp130

signal transducer. BAFl30-9 cells do not proliferate in response to IL-1,1 or

IL-6 alone, but do proliferate in response to a combination of IL-6 and soluble

IL—6R (Hibi ct a1., supra). BAF130-9 cells (lxlO‘1 cell in 0.lml) were cultured

in RPMI 1640 medium/10% FCS with increasing concentrations of recombinant

human lL-ll in the absence or presence of 10 ‘11.] of conditioned media from

mock transfected cells'or cells transfected with the soluble human lL-llR

sequence. After forty hours the cells were pulse-labeled with 3H-thymidine (0.5

24
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“Ci/well) for eight hours and incorporated nucleotide was determined. As

shown in Figure 2, BAFl30-9 cells do not proliferate in response to IL—11 or

soluble IL—llR alone, but do proliferate in the presence of both IL-11 and

soluble IL-l 1R.

5 Other human IL—llR proteins can be tested in this model to determine

whether they exhibit a "biological activity " of human lL-l 1R as defined herein.

Example 3

Other Systems for Determination Biological Activity of Human lL-l IR

10 Protein

Other systems can be used to determine whether a specific human IL—

11R protein exhibits a "biological activity" of human IL-1 1R as defined herein.

The following are examples of such systems.

15 Assays for IL-1] Binding

The ability of a human IL—llR protein to bind lL-ll or a fragment

thereof can be determine by any sutiable assays which can detect such binding.

Some suitable examples follow.

Binding of IL-11 to the extracellular region of the human IL-1 1R 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-llR protein (such as. for example. a soluble

form of the extracellular domain) is produced and used to detect lLrl 1 binding.

25
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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 CH2 and CH3

domains of a human immunoglobulin (1g) 71. This construct is generated in

an appropriate expression vector for COS cells, such as pEDAC or pMT2. The

plasmid is transiently transfected into COS cells. The secreted IL-l lR-Ig fusion

protein is collected in the conditioned medium and purified by protein A

chromatography.

The purified lL-llR-Ig fusion protein is used to demonstrate IL-ll

binding in a number of applications. IL—ll 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-llR-Ig fusion protein is then bound to the solid-phase

IL—1 1, and binding is detected with a secondary goat anti-human lg 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—ll may also be expressed on the surface of cells. for example by

providing a transmembrane domain or glucosyl phosphatidyl inositol (GPI)

linkage. Cells expressing the membrane bound IL—ll can be identified using

the IL—llR—Ig fusion protein. The soluble IL—llR—Ig fusion is bound to the

surface of these cells and detected with goat anti—human lg 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” [Gyuris et al,

Cell 75:791-803, 1993], can be used to determine whether a human IL—llR

protein has a biological activity of human IL-llR as defined herein. In this

5 system, the expression of reporter genes from both Leonvaeu2 and

chAop-LacZ relies on the interaction between the bait protein, for example in

this case a species which interacts with huamn IL-llR. and the prey. for

example in this case the human IL-llR protein. Thus, one can measure the

strength of the interaction by the level of beu2 or LacZ expression. The most

10 simple method is to measure the activity of the LacZ encoded protein.

fi—galactosidase. This activity can be judged by the degree of blueness on the

X-Gal containing medium or filter. For the quantitative measurement of

B~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—llR

protein interacts with a particular species (such as, for example. a cystoslic

protein which binds to the intracellular domain of the human IL-1 1R in viva).

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 ot' cell lines. In one

27
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exemplary system, COSM6 cells are cotransfected with plasmids encoding the

human lL-l 1R protein (such as the full length human IL-1 1R or a soluble form

thereof), the human gpl30 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

CAT activity.

Phosphorylation of gpl30

Activity may also be determined by examining the ability of [L-ll to

induce tyrosine phosphorylation of gp130 in cells transfected with a sequence

encoding the human lL-l 1R protein (such as the full length human IL-llR 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 transducers and gctivators of

transcription, 3 family of DNA binding proteins) in cells transfected with a

sequence encoding the human lL—l 1R protein (such as the full length human lL~

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—1 1R protein (such as the 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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What is claimed is:

1, An isolated polynucleotide comprising a nucleotide sequence

selected from the group consisting of:

(a) the nucleotide sequence of SEQ ID N021 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 encodes for a protein having a biological activity of the human IL-

1 1 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 N02] from nucleotide 803 to nucleotide 1999.

5. The polynucleotide of claim 2 comprising the nucleotide

sequence of SEQ ID N021 from nucleotide 803 to nucleotide 1828 or a

fragment thereof.

4-1
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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:] 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—llR 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 lL—l 1R protein from the culture.
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13. An isolated human IL—1 1R protein comprising an amino acid

sequence selected from the group consisting of:

(a) the amino acid sequence of SEQ ID N0:2;

(b) the amino acid sequence of SEQ ID N0:2 from amino acids

24 to 422;

(c) the amino acid sequence of SEQ ID N0:2 from amino acids

24 to 365;

(d) the amino acid sequence of SEQ ID N0:2 from amino acids

391 to 422;

(e) the amino acid sequence of SEQ ID N0:2 from amino acids

102 to 422;

(t) the amino acid sequence of SEQ ID N0:2 from amino acids

102 to 365; and

(g) fragments of (a)—(f) having a biological activity of the human

IL—ll receptor.

14. The protein of claim 13 comprising the amino acid sequence

of SEQ ID N0:2.

15. The protein of claim 13 comprising the sequence from amino

acid 24 to 365 of SEQ ID N0:2.

16. A pharmaceutical composition comprising a protein of claim

13 and a pharmaceutically acceptable carrier.

46
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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-ll receptor which comprises:

(a) combining a protein of claim 13 with IL—11 or a fragment

thereof, said combination forming a first binding mixture;

(b) measuring the amount of binding between the protein and the

IL-11 or fragment in the first binding mixture;

(c) combining a compound with the protein and the lL—ll or

fragment to form a second binding mixture;

(d) measuring the amount of binding in the second binding

mixture; and

(e) comparing the amount of binding in the first binding mixture

with the amount of binding in the second binding mixture:

wherein the compound is capable of inhibiting IL-ll binding to the human

lL—ll 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 lL-ll or fragment used therein.

47
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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 acceptable carrier.

23. 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 22.

24. A method of inhibiting binding of IL—11 to the human IL—ll

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—ll

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.
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28. 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 18.

29. An isolated polynucleotide comprising a nucleotide sequence

capable of hybridizing under stringent conditions to polynucleotide of claim
4.

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 amino acids

391 to 422;

(e) the amino acid sequence of SEQ ID NO:2 from amino acids
112 to 422;

(f) the amino acid sequence of SEQ ID NO:2 from amino acids
112 to 365; and

(g) fragments of (en-(i) having a biological activity of the human

1L- 1 1 receptor.
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Novel Cflokine Receptors

The present invention relates inter alia to novel molecules believed to be cytokine

receptors and to uses thereof.

Cytokines and' growth 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—l (CT—

l)), where overlapping function between these cytokines can be accounted for by the

presence of gpl30, a signal transducing molecule present in the respective receptor

complexes. In addition, ligand binding chains in the receptor complexes (such as IL-

6Roc, CNTF—R and IL-llROL) generally have short or even absent intracytoplasmic
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regions, whereas gpl30 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 l 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 sense to 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 l for

hGBRI—ILR or has the amino acid sequence shown in Figure l 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
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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 0) 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 l for hGBRI—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 [5 galactosidase enzyme (Itakwa et 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 1 to 37 shown in Figure
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1 for hGBRI—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 identified

in Figure l are believed to exist since large mRNA transcripts 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 0L 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 affmity

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. HisG, Gluz 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 Fc portion. This results in a molecule with good stability that can be used

both in vitro and in viva. It may be linked to a part of an antibody that binds to a

particular epitope of it 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 l for hGBRI—

ILR. 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 (1') 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.

Ex. 2001 - P396257



Ex. 2001 - Page258

10

15

20

25

WO 99/20755 PCT/EP98/06497

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%. Sequence identities 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 l with the leptin receptor), inflammation, septic shock,

AIDS and 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 medicament will usually be supplied as part of a pharmaceutical composition, which

may include 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 under sterile

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 good clinical 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 agents may be the cytokines which normally bind to the

receptors in viva. 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 monoclonal or 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 a1, 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')2 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 Vh and V1 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 RlAs 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

c) 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 nucleic 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 StIyer [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 DNA molecules (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 RNA structures, 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-aminoethyl)glycine—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 occur in 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).

Ex. 2001 - PageZGQ



Ex. 2001 - Page270

10

15

20

25

WO 99/20755 PCT/EP98/06497

19

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 irnmunglobulin domain and haematopoietin

receptor module. GCSF—R is granulocyte colony stimulating factor

receptor and CNTF-R is 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

TheaminoacidsequenceNKLCFDDNKLWSDWSEAQSIGKEQN

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—l 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 Lgth. The largest cDNA (1740bp) was recloned into pBluescript 11 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,W'I).

Detection ofHuman and Mouse mRNA Transcripts for GBRI—ILR

For detection of human GBRI—ILR mRNA transcripts by Northern blot analysis, the

same 310bp cDNA used to screen the human placental library (see above) was used as

Ex. 2001 - P396271



Ex. 2001 - Page272

10

15

20

25

WO 99/20755 PCT/EP98/06497

21

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-6ROL, a partial cDNA was amplified with the primers

5’-CTGACCAGTCTGCCAGGAGACA-3’ and

5’-GAGGACCCCACTCACAAACAAC—3’ and used as a probe. The Human, Human H,

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 was isolated 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 BlnI and cRNA probes labelled with 32F 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 was isolated

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+ RNA as previously described by Gauchat, J-

F. et al, (European Journal of Immunology, 1989 1921079). For detection of the

murine transcript by RT-PCR, Sug 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 ocl 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.

To clone the human cDNA encoding GBRI—ILR, a 310bp PCR product was amplified

from human lung cDNA using 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’ poly A tail.

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—l3 receptor 0L1 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 IMAGE consortium 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 cDNAs are either secreted or GPI—anchored. As no hydrophobic region at the C

terminus of the sequence, characteristic of GPI-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 or chain, or agonistic effects, such as those shown by the IL—6 receptor 0L

chain, the CNTF receptor and the IL—ll receptor or chain.

Human and murine GBRI-ILR show close homology to members of the IL—6—type

cytokine receptor family (Table H) 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 lL—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 (1-114009) 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 gene to 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 GBRI—ILR

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 on chain. Expression of the 1.7Kb transcript

could be detected in several tissues, but was less ubiquitous than those of gp130 and

IL—6R0t. 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 HI), such as the fibroblast cell line HEK 293, the

monocyte cell line THP—l (following PMA stimulation), JY lymphoblastoid cells,

RPMI 8226 myeloma cells, the mast cell line HMC—l, 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 or liver.

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 dzfliculties

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 DNA at 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 AAO 14965 Placenta

AA039053 Embryo

AA049278 Embryo

AAO49280 Embryo

AA270365 Embryo

W17583 Embryo

W66776 Embryo

Human AA042914 Pregnant uterus

AAO43001 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

1L6 Receptor 71/306 104/306

alpha chain

Mouse GP130 89/304 125/304

GCSF 81/304 115/304
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Receptor

IL6Receptor 71/304 1 07/304

alpha chain

1%

Cell/Cell Line hGB Cell/Cell Line hGB

R1- R1-

ILR ILR

TT7 - HL60 -

JURKAT - HMC- l H

JURKAT - HBE-14O -/+

(+PMA/Ionomycin)

JY + HEB-140 (IL- +

1 l3)

JY (+IL-4) ++ HEB-140 +

(TNFOL)
RPM] 8866 - HEK 293 4+

RPMI 8226 + HUVEC -/+

THP-l - HUVEC (IL- -/+

l B/TNFCX 2hr)

THP-l (+PMA) + HUVEC (IL- -/+

l B/TNFa8hr)

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 pFASTBACl.

Recombinant Virus was produced using the Life Technologies BAC-TO—BAC kit and

used to infect SF9 cells expanded in SF900H 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).
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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 ug 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, Immunology Methods Manual, Vol 3, 1997). The resulting

cell suspension was resuspended at 106 cells per ml and fused with Sp2 myeloma cells

using standard “Kohler and Milstein” protocols. The hybridomas were then selected

in HAT medium and 7—10 days after fusion, the supematants 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 l 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

pl hybridoma supernatant and washed. GBRI—ILR specific mAbs were revealed using

horseradish peroxidase labelled goat anti—mouse IgG (Southern Biotechnology

Associates, Inc.) Positive supematants were retested with plastic immobilized GBRI-

ILR. Specificity was checked using an ELISA set up with IL—13Rocl at 1 ug/ml. The

specific positive supematants 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 Ra] transmembrane and cytoplasmic regions, IL—13Roc1 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 l 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 l 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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medicament for treating AIDS, septic shock, embryonic developmental disorders

or lung inflammation.

17. The use of a polypeptide according to any of claims 1 to 5 in raising or selecting

5 antibodies.

18. An antibody or a derivative thereof which binds to a polypeptide according to any

of claims 1 to 5.

10 19. A pharmaceutically acceptable composition comprising an antibody or a

derivative thereof according to claim 18.

20. An antibody or a derivative thereof according to claim 18 or a pharmaceutically

acceptable composition according to claim 19, for use in medicine.

15

21. 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.

20 22. 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.

23. A nucleic acid molecule, which:

25 a) codes for a polypeptide according to any of claims claim 1 to 5,

b) is complementary to a molecule as defined in a) above, or

c) hybridises to a molecule as defined in a) or b) above.

24. 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
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FIG. 5
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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 (VH) and variable light (VL)

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 fom‘ied by association of

only the VH and VL 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 W0 01/64942 (Phylos lnc.) disclose antibody mimics

comprising a fibronectin or fibronectin—like protein scaffold in which a fibronectin type III

domain having at least one randomised loop is present. W0 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 III 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 class of libraries.

WO 00/47620 (Medvet Science Pty Ltd er al.) discloses a cytokine-binding domain

that consists of a [ES—chain or analogous structure of a cytokine receptor.

W0 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.

Summfl of the invention

The present invention relates to binding moieties which employ a CBD-like scaffold

structure consisting of two FnIII—like domains as schematically depicted in Figure 1A.

Solvent exposed loops on the two FnIII—like domains are in linear association and define a

binding region which is capable of binding to a target molecule through association with

loops fiom 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 of a first FnIII—

like domain and a second FnIII-like domain such that at least one property of the cytokine

binding domain is altered, to produce a binding moiety.

Furthermore, the invention provides a modified binding moiety produced according

to the above method of the 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 FnIII-like domain and a second

FnIII—like domain, wherein the CBD comprises a modification which alters a property of
the CBD.

CBDs consist of two linked fibronectin type III (FnIII) domains (each an Ig-like

fold) (Leahy DJ ez‘ al., 1992, Science 258: 987-991). These CBDs are known to bind their

target molecules primarily at the juncture of the two FnIII-like domains (the cytokine

hinging region), engaging their target molecules by loops on the outer elbow of the two

domains of the CED. 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 l). A comparison between the CBDs of a number of know tertiary structures

reveal common structural 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

domains. In particular, previous work on scaffolds utilising FnIII-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 FnIII—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 21

CBD, which polynucleotides comprise one or more modifications in the CBD;

(ii) 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)

b)

b)

a first nucleic acid sequence encoding a GED;

an insertion site in a region between the ends of the first 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

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 first nucleic acid sequence encoding a GED, said sequence comprising a deletion

in a region between the ends of the first nucleic acid sequence;

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 the first

nucleic acid to encode a modified CBD.

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 first nucleic acid sequence encoding a CBD;

a number of insertion 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)

b)

a first scaffold sequence encoding a GED; and

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 GED display 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 embodiments 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 Figgres

Figure 1. (a) A coil representation of the backbone of a GED, 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 L] 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: (0) A coil representation of the backbone of the variable domains of the heavy and

light chains of the EV domain of an immunoglobulin, illustrated by the NClO 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 2 A schematic representation of a binding moiety according to the present

invention. The CBD-like scaffold structure consists of a first and a second FnIII-like

domain (indicated as FnIII1 and FnIIIZ). Solvent exposed loops present on each FnIII-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.

Ex. 2001 - P396296



Ex. 2001 - Page297

10

15

20

25

30

35

WO 2005/058956 PCT/AU2004/001762

6

Figure 2. (a) A ribbon diagram of the CBD of IL-6R, showing the fi-sheet arrangement of

the two FnIII domains, and the cytokine binding loops L1 to L7. (b) the same as in (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, CyleZ, Cyle3,

TrpllS, Cysl46, Cys157, Prol99, Pro200, Trp2l9, Arg274, Trp284, Ser285, Trp287 and

Ser288 residues are all conserved in known CBDs. The Leul 00, Leu108, Vall 1 1,

Ala127, Leu129, Vall31, Leu159, Tyrl69, Vall7l, Metl73, Vall75, Phe189, Glyl91,

Ile194, Leu195, Prol97, Ile203, Val205, Leu215, Va1217, Leu232, Phe234, Leu236,

Tyr238, Phe246, Trp249, Ile260, Ala263, Va1271, Leu273, and Glu286 residues are

mainly conserved hydrophobic residues in known CBDs. The Pro98, Proll7, Trp225,

Cys25 8, His269, Ala291 and G1y293 are, in the maj ority, conserved residues in all known
CBDs.

Figure 3(b) depicts the sequence alignment of the CBDs from IL-6R, IL—l 1R, PRLR and

GCSR. Loops L1 to L7 are outlined by boxes.

Figure 4. The CBD of IL—6R with domain D3 (lower part - shade l) 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 (e) 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 sequences in 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 (e.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, NY. and Ausubel

et al., Short Protocols in Molecular Biology (1999) 4th 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.

Cy_tokine binding domains (CBDs)

A cytokine binding domain is defined herein as a polypeptide consisting of a first and a

second FnlII-like domain. The FnIII—like domains are each independently domains having

immunoglobulin folds in a FnIII-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 310

helix.

Each FnlIl-like domain comprises a number of 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 fiirther illustrated and supported

by reference to Figures 1-6. In particular, it is further illustrated and supported by

reference to the primary, secondary and tertiary structure, including the three dimensional

structure, of IL-6R as presented in Figures 1-6 and detailed in Varghese IN et al., 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 loops that 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—6R is

defined by the D2 and D3 domains (amino acids 92 to 297). The two domains lie on a

similar plane to form a long flat 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:

LyleS to AsnllO; L2: Ly3133 to Glu140; L3: Ala160 to Phe168; and L4: G1n190 to

G1y193) and the D3 domain comprises 3 solvent exposed loops (L5: Asn226 to Arg233;

L6: Met250 to His256; and L7: Gln276 to G1n281), 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 G111276 together form the

tryptophan-arginine ladder region, which comprises a WSXWS motif.

The alignment of CBDs present in over seventy gene products is shown in Figure

5. Figure 5A depicts the sequence alignment of the 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 FnIII-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 FnllI-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 FnIII-like domainLocation in Figure 5

  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 (DES (see, for example, location R321—R325). Particularly

significantly, all the sequences have 7 loops corresponding to loops L1 to L7 identified

and discussed above in relation to IL—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 Fi re 5 FnIII-like domain

L1 R2843 First

L2 R70-87 First

L3 R118-135 First

L4 R157—160 First

L5 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 FnIIl-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. It is evident from the alignments presented in Figure 5 and from structural

information and published crystallographical data (for example Aritomi M. et al., Nature,

1999, 401 (6754):713~7; Bravo .1. et al., EMBO J., 1998, 17(6):1665-74; Elkins RA. et

al, Cell, 1999, 97(2):271-81; Josephson K. et 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 et al., 2002 PNAS

99(25): 15959—15964 and PCT/AU02/01255. Thus, as new crystal structures are solved, it

will become immediately apparent if a protein contains a GED comprising FnIII-like

domains by comparing sequence and structural (secondary and tertiary) data With, for

example, that of IL—6R and other proteins listed in Figure 5. However, it will be

appreciated that the three-dimensional structure of other CBDs will not correspond

precisely to that of the lL—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 GED having two FnIII—like domains. The amino acid sequence of a potential

CBD can 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, l\/Iodeller.

Preferably, the first Fnlll—like domain of the CBD comprises four loops located at

positions L1 to L4 as indicated in Figure 5A when the amino acid sequence is aligned With

the sequences in Figure 5.

Preferably, the second FnIII—lilce 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 FnIII—like domain comprises a tryptophan-arginine ladder

region, which preferably comprises a WSXWS motif or variant thereof.

Preferably, the first FnIIl—like domain comprises four loops located at positions L1

to L4 as indicated in Figure 5A and the second FnlII-like domain 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.

The presence of loops L1 to L4 and L5 to L7, and, if present, a tryptophan—arginine

ladder would be evident from a suitably performed sequence alignment and analysis.

As an 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 FnIII-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 WSXWS motif 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 willbe understood that

the loop given as L4 (corresponding to A190 to G193 of 1L—6R and located at R154—R160

in Figure 5) is small and in some literature may not always be referred to as a loop per 56.

It has been included in 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 FnIII—like domains of the CBDS of the binding moieties may be derived from

any suitable naturally occurring CBDs. Examples of suitable naturally occurring 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, gpl30. Preferred cytokine

receptor family members are those in class I (hematopoietin receptors) or class 11,

preferably class 1. 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—l receptor, CNTFR (ciliary neutrotrophic factor receptor),

leptin receptor, EPOR (erythropoietin receptor), gpl30, GHR (growth hormone receptor)

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 (interleukin) receptors include the IL-2R, IL-3R, IL-4R,

IL—SR, IL—6R, IL-7R, IL—9R, IL—l 1R, lL-12R, IL—13R, IL-l SR 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 FnIIl-like domains of a CBD of the invention can be derived from the same or

different sources. For example, the first FnIlI-like domain may be derived from one

protein and the second FnIII—like domain derived from a different protein. For example,

the first domain of IL-llR could be combined with the second domain of IL—lZR. Similar

pairing could also be perfom‘ted with IL—SR and IL-4R and with prolactin and GMCSFR.

Where the two FnIIl-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 FnIII-like domain should be suitably hinged to the second FnlII—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 FnIIl—like domain in the

native protein from which they derive.

Linkers used to link protein domains are well-know and well understood in the art,

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

FnlII—like domains. The two FnlII—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—terrninals 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 FnIII—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 hinge is a stretch of from about 3 to 15 amino acids, preferably from about

4 to 10 amino acids, situated between the two FnIII-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 FnIII-like domains is

derived.

It will be apparent that the binding moieties of the invention can be generated de

novo based on the structural constraints for a CBD described here and above.

In a preferred embodiment, the two FnIII—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 FnIII-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 not relate to the full-
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length, wild—type proteins from which suitable FnIIl-like domains may be derived.

Rather, they encompass and relate to portions of CED—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

CED-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 fiom 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 FnIII-like domains. The two FnIII~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 CBD is modified such that a property of the CBD is altered.

A property of a cytokine binding domain is 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 affmity, binding affinity, binding selectivity, catalytic activity,

thermal stability, alkaline stability, pH activity profile, resistance to proteolylic

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 modified 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 binding selectivity.

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 includes allelic 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

umnodified 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 number of regions.

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-6R is 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 et 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.

Ori ; ' u al Residue Exem - la Substitutions__

His

He (1)

Leu (L) v ile; val; met; ala; phe

Lys (K) ar

Met (M)

Phe (F)

Pro (P)

Ser (S)

Thr (T)

Trp (W)

Tyr (Y) sphe

Val (V) ile; leu; met; uhe, ala

 
Furthermore, if desired, non—naturally occurring amino acids or chemical amino acid

analogues can be introduced as 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, u-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, t-butylglycine, t-butylalanine, phenylglycine,

cyclohexylalanine, B-alanine, fluoro-amino acids, designer amino acids such as B-methyl

amino acids, Cor-methyl amino acids, Net-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 and the 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 FnIIl-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 CBD is

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. Thus it 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 CBD is derived from the extracellular
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domain of a 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 IL-1 1R to provide the

modified binding moiety with specificity for lL—ll instead of IL-6. Similarly, the loops

L1 to L7 of the CBD of IL-6R could be replaced by loops L1 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 receptor is

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 lL-

llR, 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 made to regions of the CBD that are not solvent exposed

and/or which do not form part 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 FnIII—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 FnIII-like domains may,

for example, involve modifying, either directly or indirectly (cg. 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 ProlO7, Leu195 and Prol97 of D2 of IL—6R and Trp225, Leu232,

Ala275, Pro200 and Pr0222 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/0r 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 made to provide for disulphide stabilisation.

Modifications may also be made to 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 neu‘ural 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 into htunan 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

lL—6R CBD, any one or more of Cys174, Cysl92 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

from 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

binding 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 spectroscopy, circular dichroism spectroscopy, isothermal

titration calorimetry, differential scanning calorimetry, analytical ultra—centrifiigation,

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

may also 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 fiom 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 gel filtration

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, and this 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 skilled. in 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-aggregated) fragments Will give rise to a single peak, whereas aggregated

fragments will give rise to a plurality of peaks. A preferred measurement of 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 BE et 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 and the 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. The trial 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

FnIII—lilste domain whilst remaining unaltered in the other FnIII—like domain.

It 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 used to 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 may also be in a substantially purified form, in

which case they will generally comprise the protein in a preparation in which more than

90%, e. g. 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

locations 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 allows the 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):Sl4—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 may also 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 persons skilled in the art, for example in

relation to antibodies and antibody fragments joined by chemicals (Casey JL et 0]., 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 (Plfickthun, A., and Pack, P

1997. Immunotechnology 3, 83-105). Indeed, two FnIII—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

lmmunother. 50(5):241-50). The resulting CBD multimers fiom 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—25 1 and described in 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 number of 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 L7 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.

Polflucleotides, 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 number of 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 viva activity or life span

of polynucleotides of the invention.

Polynuoleotides 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 Sf9 cells.
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Preferably, a polynucleotide of the invention in a vector is operably linked to a

control sequence that is capable of providing for the expression of the coding sequence by

a host cell or using an in 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 manner or, 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 repeat (MMLV

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 II 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 and biolistic 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/0r 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, JJ. Sninsky, T.J. White (eds.). Academic Press, New York, 1990). Another

technique is to use the commercially available “Altered Sites 11 in vitro Mutagenesis

System” (Promega — US. Patent N0 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 viva, including; using ‘mutator strains‘, of bacteria such as E.

coli mutD5 (Low et al., 1996, J Mol Biol 60: 9-68); and using the antibody hypermutation

system of B-lymphocytes (Yelamos at 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 et 611., ]995, DNA repair and mutagenesis. SM Press, Washington

D.C.), or incorporation of mutagenic base analogues (Zaccolo at 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 et 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 above in 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 codons is 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 some positions 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 104, 105 or 106 different sequences. Preferably, the
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library comprises from 104 to 1010 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 or 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 molecule of 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 ribosome display 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 ofmolecules of interest 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 in 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 pharmaceutical

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 lipofectamTM and transfectamTM).

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 embodiments 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 PSI_BLAST search of the Brookhaven protein data bank revealed several structures

that are closely related to the cytokjne binding modules of the human IL-6 receptor. Of

these the human prolactin receptor (PRLR) bound to human growth hormone was the 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

fiamework 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 according to their three dimensional

structure using the MALIGNSD function of MODELLER6V2.

Loop Definition

Residues from the prolactin receptor in contact with human growth hormone were selected

using VMD. VMD is 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 et al., 1998 Acta Crystallog D54z905—921).
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EXAMPLE 2: 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~6R DNA as a template for this reaction.

These PCR fragments of correct size and DNA sequence were cloned into pPOWS

bacterial expression vector. Protein expression was performed using eight different

bacterial cell strains. One particular strain was selected for further stability and
characterisation studies.

EXANIPLE 3: Modification 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 residues from prolactin receptor, thereby effectively changing the

binding specificity of the modified CBD from 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 lL-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

PCR to introduce a mutation at Cysl74 to Ser on the CBD framework. This Cysl74 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 Cysl74—>Ser mutant was subsequently

expressed in bacteria.
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EXAMPLE 5: Producing a novel binding moiety with no cysteine residues in the D3
domain.

We introduced another CBD framework mutation Cys258 to Serine in domain D3. This is

a buried cysteine residue, mutated in an attempt to increase expression and stability 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 fiom the D3 library also contained this Cys258—->to Ser framework

mutation (see Examples 7 and 8).

EXAMPLE 6: Producing a novel binding moiety with a removed (replaced) cysteine

residues in the solvent exposed region.

We noticed that When the PRLR loop graft onto the TL-6R fi‘amework was expressed in

bacteria, there were less protein aggregates. There is a solvent exposed Cysl92 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

Cysl92—>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—6R framework and this

mutation improved solubility of the IL—6R framework CBD.

EXAMPLE 7: Producing a library repertoire of novel binding moieties based on the
CBD scaffold

A gene library 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 in 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 of the 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 gene repertoire 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 (Cysl74, Cysrl92 and Cys258) had been replaced by serine residues. In

addition to the desired framework changes, the DNA sequence showed changes in 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

CysZSS 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) RSKTFTTW_QHHCVIHDAWSGLRH

(b) RSKTFTTW_QHHSVIHDAWSGLRH

(a)VVQLRAOEEFGQ EWSEW

<b> @923:

EXAMPLE 8: Producing a novel binding moiety with multi—loop mutations

Another clone isolated fiorn 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 Cy5258 to Ser, was also expressed in bacteria.

The partial DNA sequence of IL—6R D3 (loops 6 and 7 in bold and boxed, and

Cy5258 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) RSKTFTTWQHHCVIHDAWSGLRH

(d) RSKTFTT_QHHSVIHDAWSGLRH
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«2) vveLRA_Ewsm

(d) VVQLRAENEVRVGEWSEW 

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 Cysl74—>Ser and Cysl92——>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 pI-lFAsacII 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 fi'om each round, the phage pools were then assayed for

functional activity using ELISA and BIAcore 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

BIAcore microarrays, with the IL-6 ligand being bound to the microtitre plates of the

biochip. The protein peaks were found to bind prolactin and lactogen 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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EXAMPLE 9 : Design of a prolactin framework

The CBD of human prolactin receptor has the following amino acid sequence:

 

24 GQLPPGK PEIFKC'SPN KETFTCWWRP GTDGGLPTNY

L1

61 SLT_VIHECPDYIT GGPNSCH—TYI
L2 L3

101 MMVNATNQMG SSFSDE_YIVQPDPP LELAVEVKQP
L4

141 EDRKPYLWIK WSPPTLIDLK TGWFTLLYEI RLKPEKAAEW

L5

181 EIHFA—KILSLHPGQ KYLVQVR- SAWSP
L6 L7

221 ATFIQIZPSD 229 

The first FnIlI-like domain is defined by amino acids G1u24 to Va1125 and the second Fn—

III 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 made to the gene

construct. Lys30 was changed to Glu. Lysine or arginine charged residues within the first

10 amino acids at the N—terminus prevents the pelB secretion signal from working in the

chosen expression system. Argl43Lysl44 was changed to GlySer to remove the

possibility ofproviding a proteolytic cleavage site and to provide a restriction enzyme site

and a flexible replacement.

The gene was engineered to include convenient restriction sites for mutagensis and

bacterial preferred codon usage for high level expression. In particular, the leucine and

proline residues are changed.

In order to provide a scaffold library, any of 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 5. IL—1 1R scaffold.

The CBD of lL—l 1R has the following amino acid sequence:
 

   
 

111 YPPARPVVSC QEEDYENFSC TWSPSQISGL PTRYLTSYRK
L1

 
 151 KTVLGADSQR RSPSTGPWPC PQDPLGAARC V HGAEFWSQ

L2 L3

191 YRINVTEVNP LGASTRLLDV SLQSILRPDP PQGLRVESVP

 

L4

231 GYPRRLRASW TYPASWPCQP HFLLKFRLQY RPAQHPAWST

L5

271 WEPAGLEEVI TDAVAGLPHA VRVSHGTWSTWSPE
L6 L7

321 AWGTPSTGT 329

The first FnIII—like domain is defined by amino acids 112-214 and the second FnIII—like

domain by amino acids 218—318. Loops L1 to L7 are indicated as boxed residues on the

above sequence.

Modifications.

In the IL-1 1R framework, the charged Arg115 may be replaced by Glu in order to

improve expression in bacterial expression systems using secretion signals, e.g. PelB.

EXAMPLE 11: Multidomain scaffolds.

A scaffold consisting of the first FnIII-like domain derived from prolactin and the second

FnIII—like domain derived from a human granulocyte colony stimulating factor receptor

(G-CSFR) may be constructed.

The first FnIII—liek domain derived from the CBD of prolactin receptor is defined by

residues 24-125 [IS THIS CORRECT - see Ex 9 questions]as in Example 9.

The CBD of GSCFR has the following amino acid sequence:

121 YPPAIPHNLS CLINLTTSSL ICQWEPGPET HLPTSFTLKS

L1

161 FKSRGNCQTQ GDSILDCVPK DGQSHCCIPR KHLLLYQN G
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L2 L3

201 IWVQAENALG TSMSPQLCL-WKLEPP MLRTMDPSPE
L4

241 AAPPQAGCLQ LCWEPWQPGL _RH KPQRGEASWA
L5

281 LVGPLP-YELCGLLPA TAYTLQIIRCI RWPLPGHWSD
L6 L7

321 WSPSLELRTT ERA 333

Loops L1 to L7 of the CBD of GCSFR are indicated as boxed residues on the above

sequence. The second region of the CBD of GCSFR is defined by residues 237-330.

biodifications.

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, Cy3248, Cys252 and Cys295 may therefore be necessary to provide

expression of soluble 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 GCSFR can be designed with convenient restriction sites and preferred codons as in

previous examples. The gene can then be assembled into pI—IFAsacII phagemid vectors or

ribosome display vectors. Phage can be produced and purified from bacterial cells

transformed with phagernid using helper phage. Successful display of the scaffold can be

confirmed by ELISA using specific targets.

Other modifications can also be made to the scaffold 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 (eg.

AYPPY) or as a random‘plurality 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 amino acids in areas not

specifically associated with the loop region. such as in the hinge region or the domain

interface.
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EXAMPLE 12: 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 cy-tokine 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 FnIII—like

domain and a second FnIII-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 FnlII~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 FnIII—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

FnIII-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—ll receptor, IL—l2 receptor, IL-13

receptor, IL-15 receptor and lL—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 gpl 30.

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 domain.

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 FnIII—like domains is modified.

The method according to any preceding claim, wherein the binding interface of the

FnIII—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 to 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 domain is 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 second ligand.

The method according to claim 21, wherein the first receptor is 1L6 receptor and

the second receptor is prolactin receptor or LIF receptor.

The method according to claim 22, wherein the first receptor is 1L6 receptor and

the second receptor 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 chemical linker.

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 domain consisting

of a first FnIIl—like domain and a second FnIII—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 FnIIl-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 FnIII—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 FnIII-like domain(s) is/are derived from the extracellular domain of

a receptor selected from IL—2 receptor, IL—3 receptor, lL—4 receptor, IL—5 receptor,

IL-6 receptor, IL—7 receptor, IL-9 receptor, IL-ll receptor, IL—12 receptor, IL-l3

receptor, IL—lS receptor and lL—21 receptor, G—CSF receptor, GM—CSF receptor,

LIF receptor, oncostatin M receptor, cardiotrophin CT—l 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

L1 to L7 as indicated 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 by at least two amino acid residues.
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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 FnIII—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 residue.

The binding moiety according to claim 47, wherein disulphide-bond forming

cysteine residues are replaced with alanine or serine.

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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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 lL—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 1nolecules

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 label.

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

immmiomodulatory.
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A multivalent or multispecific reagen‘t 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 method

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

(i) 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;

(ii) expressing the binding moieties encoded 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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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) a first scaffold sequence encoding a cytokine binding domain; and

b) a second sequence encoding a peptide and inserted at a site located in a

region of said 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 of the 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-ll receptor, IL—12 receptor, IL-l3 receptor, III-15

receptor and IL—21 receptor, G—CSF receptor, GM-CSF receptor, LIF receptor,

oncostatin M receptor, cardiotrophin CT-l receptor, ciliary neutrotrophic factor

(CNTF) receptor, prolactin receptor, leptin receptor, erythropoietin receptor,

growth homione receptor, cytokine receptor-like factor 1, class 1 cytokine

receptor, thymic stromal lymphopoietin protein receptor or gpl30.

The nucleic acid sequence according to any one of claims 76 to 78, comprising a

plurality of second sequences inserted into a plurality of sites.

The nucleic acid sequence according to any one of claims 76 to 79, wherein one or

more of the peptides are derived from a different cytokine binding region to that of

the scaffold sequence.
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An expression vector comprising a nucleic acicl sequence according to any one of

claims 76 to 80.

A cytokine binding domain display library connprising 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 cytokime 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 region 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 amino 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 comprises:

(i) providing a cytokine binding domain display library according to claim 82;

(ii) expressing the polypeptides encoded by the polynucleotides; and

(iii) selecting one or more polypeptides that bind to the target molecule.
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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 acids either side of the box. For example Loop 6 of the prolactin

receptor is defined as GQQTEF and not FAQQ as depicted here.
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