DocCode — SEQ.TXT

SCORE Placeholder Sheet for IFW Content

Application Number: 13940370 Document Date: 07/12/2013

The presence of this form in the IFW record indicates that the following document type was
received in electronic format on the date identified above. This content is stored in the SCORE
database.

- Sequence Listing

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the
IFW record were created from the original documents that are stored in SCORE.

To access the documents in the SCORE database, refer to instructions developed by SIRA.

At the time of document entry (noted above):
» Examiners may access SCORE content via the eDAN interface.
» Other USPTO employees can bookmark the current SCORE URL
(http:/fes/ScoreAccessWeb/).
+ External customers may access SCORE content via the Public and Private PAIR
interfaces.

Form Revision Date: February 8, 2006

CELLTRION - EXHIBIT 1017
0001



PTO/AIA/15 (03-13)
Approved for use through 01/31/2014. OMB 0651-0032
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

UTI LITY Attorney Docket No. 725A1

PATENT APPLI CATI ON First Named Inventor YANCO POULOS

TRANSM ITTAL Title Use of a VEGF Antagonist to Treat Angiogenic ...

Name of Assignee

\ (Only for new nonprovisional applications under 37 CFR 1.53(b)) Express Mail Label No. N/A j
APPLICATION ELEMENTS Commissioner for Patents
See MIPEP chapter 600 concerning utility patent application contents. ADDRESS TO P.O. Box 1450
Alexandria, VA 22313-1450
1.[ ] reeTransmittal Form ACCOMPANYING APPLICATION PAPERS
(PTO/SB/17 or equivalent)
2. I:l Applicant asserts small entity status. 10. |:| Assignment Papers
See 37 CFR 1.27 (cover sheet & document(s))

3. I:] Applicant certifies micro entity status. See 37 CFR 1.29.
Applicant must attach form PTO/SB/15A or B or equivalent.

4, ' Specification [Total Pages 24 ] 11.
Both the claims and abstract must start on a new page.
(See MIPEP § 608.01(a) for information on the preferred arrangement) 12

5. Drawing(s) (35 U.S.C. 113) [Total Sheets 1 ]

6. Inventor’s Oath or Declaration [Total Pages ] 13.
(including substitute statements under 37 CFR 1.64 and assignments
serving as an oath or declaration under 37 CFR 1.63(e))

(when there is an assignee)

English Translation Document
(if applicable)

Information Disclosure Statement
(PTO/SB/08 or PTO-1449)

|:| Copies of citations attached

a. l:' Newly executed (original or copy) Preliminary Amendment

b. D A copy from a prior application (37 CFR 1.63(d))

7. Application Data Sheet  * See note below.
See 37 CFR 1.76 (PTO/AIA/14 or equivalent)
8. CD-ROM or CD-R
in duplicate, large table, or Computer Program (Appendix) 17
[:l Landscape Table on CD
9. Nucleotide and/or Amino Acid Sequence Submission
(if applicable, items a. — c. are required) 18.

14.

15. Return Receipt Postcard

(MPEP § 503) (Should be specifically itemized)

16. Certified Copy of Priority Document(s)

(if foreign priority is claimed)

Nonpublication Request

Under 35 U.S.C. 122(b)(2)(B)(i). Applicant must attach form PTO/SB/35
or equivalent.

Other:

O 0000 Oo0Oo™

37 CFR 3.73(c) Statement |:| Power of Attorney

a. Computer Readable Form (CRF)

b. Specification Sequence Listing on:

i. |:| CD-ROM or CD-R (2 copies); or

ii. Paper

c. Statements verifying identity of above copies

*Note: (1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS).
(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an
assignee, person to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary
interest in the matter. See 37 CFR 1.46(b).

19. CORRESPONDENCE ADDRESS

The address associated with Customer Number; 96387 OR I:l Correspondence address below
Name
Address
City State Zip Code
Country Telephone Email
( R
signature |/ Frank R. Cottingham / Date July 12, 2013
Name . Registration No.
 print/rype) | FT@nk R. Gottingham (Attorney/agent) | 20,437

This collection of information is required by 37 CFR 1.53(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 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, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

0002



Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

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

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

0003



Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS

First Named Inventor/Applicant Name:

George D. YANCOPOULOS

Filer:

Frank Robert Cottingham

Attorney Docket Number:

725A1

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Suz—;’;(tsa)l in
Basic Filing:
Utility application filing 1011 1 280 280
Utility Search Fee 1111 1 600 600
Utility Examination Fee 1311 1 720 720
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

0004



Description

Fee Code

Quantity

Amount

Sub-Total in

UsD($)
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1600

0005



Electronic Acknowledgement Receipt

EFS ID: 16298087

Application Number: 13940370

International Application Number:

Confirmation Number: 1055
Title of Invention: USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS
First Named Inventor/Applicant Name: George D. YANCOPOULOS
Customer Number: 96387
Filer: Frank Robert Cottingham

Filer Authorized By:

Attorney Docket Number: 725A1
Receipt Date: 12-JUL-2013
Filing Date:
Time Stamp: 11:18:49
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type Deposit Account
Payment was successfully received in RAM $1600

RAM confirmation Number 9349

Deposit Account 180650

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)

0006



Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name f . .
Number P Message Digest | Part/.zip| (ifappl.)
529155
1 725A1_Specification.pdf yes 24
66488¢536374b7715ffe32f0b6596663f6e(f
2cd
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 21
Claims 22 23
Abstract 24 24
Warnings:
Information:
R o 105393
5 Drawings-only bIaFk and white line 725A1_Figure.pdf no 1
drawings
2d582f645d0c5d17d717e589b029a393319
91bdb
Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the

Image File Wrapper and may affect subsequent processing

Information:

151078
3 Sequence Listing 725A1_SeqList-paper.pdf no 3
5b1c06a0fada3bbb8b721196755d8f10323)
8fboe
Warnings:
Information:
6076
4 Sequence Listing (Text File) 725A1_SeqList.txt no 0
Warnings:
Information:
CRF Stat tP d CRF th 171883
5 atemen Saap:;an arethe 725A1_SeqListStatement.pdf no 1
f1b5760b5b501c526e4fd94266bc7452ce8|
ebb81
Warnings:
Information:
1255991
6 Application Data Sheet 725A1_AppDataSheet.pdf no 6

3dbd8e1d133322201e20b1e6b08ca481c8
ddef80

0007



Warnings:

Information:

I . 276559
7 Transmittal of New Application 725A1_Appllca'::;?nTransmlttaI. no 2
p 113a69d8d94bef563f27d2443e518e782b1
8cb70
Warnings:
Information:
32862
8 Fee Worksheet (SB06) fee-info.pdf no 2
1e8c487df991d67f0cd6fb4c4879022d 7ef
49a
Warnings:
Information:
Total Files Size (in bytes):{ 2528997

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

0008



Electronic Acknowledgement Receipt

EFS ID: 16298087

Application Number: 13940370

International Application Number:

Confirmation Number: 1055
Title of Invention: USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS
First Named Inventor/Applicant Name: George D. YANCOPOULOS
Customer Number: 96387
Filer: Frank Robert Cottingham

Filer Authorized By:

Attorney Docket Number: 725A1
Receipt Date: 12-JUL-2013
Filing Date:
Time Stamp: 11:18:49
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type Deposit Account
Payment was successfully received in RAM $1600

RAM confirmation Number 9349

Deposit Account 180650

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)

0009



Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name f . .
Number P Message Digest | Part/.zip| (ifappl.)
529155
1 725A1_Specification.pdf yes 24
66488¢536374b7715ffe32f0b6596663f6e(f
2cd
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 21
Claims 22 23
Abstract 24 24
Warnings:
Information:
R o 105393
5 Drawings-only bIaFk and white line 725A1_Figure.pdf no 1
drawings
2d582f645d0c5d17d717e589b029a393319
91bdb
Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the

Image File Wrapper and may affect subsequent processing

Information:

151078
3 Sequence Listing 725A1_SeqList-paper.pdf no 3
5b1c06a0fada3bbb8b721196755d8f10323)
8fboe
Warnings:
Information:
6076
4 Sequence Listing (Text File) 725A1_SeqList.txt no 0
Warnings:
Information:
CRF Stat tP d CRF th 171883
5 atemen Saap:;an arethe 725A1_SeqListStatement.pdf no 1
f1b5760b5b501c526e4fd94266bc7452ce8|
ebb81
Warnings:
Information:
1255991
6 Application Data Sheet 725A1_AppDataSheet.pdf no 6

3dbd8e1d133322201e20b1e6b08ca481c8
ddef80

0010



Warnings:

Information:

I . 276559
7 Transmittal of New Application 725A1_Appllca'::;?nTransmlttaI. no 2
p 113a69d8d94bef563f27d2443e518e782b1
8cb70
Warnings:
Information:
32862
8 Fee Worksheet (SB06) fee-info.pdf no 2
1e8c487df991d67f0cd6fb4c4879022d 7ef
49a
Warnings:
Information:
Total Files Size (in bytes):{ 2528997

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

0011



USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application is a continuation-in-part of International Patent Application No.
PCT/US2012/020855, filed on January 11, 2012, which claims the benefit of US Provisional
Application Nos. 61/432,245, filed on January 13, 2011, 61/434,836, filed on January 21, 2011, and
61/561,957, filed on November 21, 2011, the contents of which are hereby incorporated by

reference in their entireties.

FIELD OF THE INVENTION
[0002] The present invention relates to the field of therapeutic treatments of eye disorders. More
specifically, the invention relates to the administration of VEGF antagonists to treat eye disorders

caused by or associated with angiogenesis.

BACKGROUND
[0003] Several eye disorders are associated with pathological angiogenesis. For example, the
development of age-related macular degeneration (AMD) is associated with a process called
choroidal neovascularization (CNV). Leakage from the CNV causes macular edema and collection
of fluid beneath the macula resulting in vision loss. Diabetic macular edema (DME) is another eye
disorder with an angiogenic component. DME is the most prevalent cause of moderate vision loss
in patients with diabetes and is a common complication of diabetic retinopathy, a disease affecting
the blood vessels of the retina. Clinically significant DME occurs when fluid leaks into the center of
the macula, the light-sensitive part of the retina responsible for sharp, direct vision. Fluid in the
macula can cause severe vision loss or blindness. Yet another eye disorder associated with
abnormal angiogenesis is central retinal vein occlusion (CRVO). CRVO is caused by obstruction of
the central retinal vein that leads to a back-up of blood and fluid in the retina. The retina can also
become ischemic, resulting in the growth of new, inappropriate blood vessels that can cause further
vision loss and more serious complications. Release of vascular endothelial growth factor (VEGF)
contributes to increased vascular permeability in the eye and inappropriate new vessel growth.
Thus, inhibiting the angiogenic-promoting properties of VEGF appears to be an effective strategy
for treating angiogenic eye disorders.
[0004] FDA-approved treatments of angiogenic eye disorders such as AMD and CRVO include
the administration of an anti-VEGF antibody called ranibizumab (Lucentis®, Genentech, Inc.) on a
monthly basis by intravitreal injection.
[0005] Methods for treating eye disorders using VEGF antagonists are mentioned in, e.g., US
7,303,746; US 7,306,799; US 7,300,563; US 7,303,748; and US 2007/0190058. Nonetheless,

-
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there remains a need in the art for new administration regimens for angiogenic eye disorders,

especially those which allow for less frequent dosing while maintaining a high level of efficacy.

BRIEF SUMMARY OF THE INVENTION
[0006] The present invention provides methods for treating angiogenic eye disorders. The
methods of the invention comprise sequentially administering multiple doses of a VEGF antagonist
to a patient over time. In particular, the methods of the invention comprise sequentially
administering to the patient a single initial dose of a VEGF antagonist, followed by one or more
secondary doses of the VEGF antagonist, followed by one or more tertiary doses of the VEGF
antagonists. The present inventors have surprisingly discovered that beneficial therapeutic effects
can be achieved in patients suffering from angiogenic eye disorders by administering a VEGF
antagonist to a patient at a frequency of once every 8 or more weeks, especially when such doses
are preceded by about three doses administered to the patient at a frequency of about 2 to 4
weeks. Thus, according to the methods of the present invention, each secondary dose of VEGF
antagonist is administered 2 to 4 weeks after the immediately preceding dose, and each tertiary
dose is administered at least 8 weeks after the immediately preceding dose. An example of a
dosing regimen of the present invention is shown in Figure 1. One advantage of such a dosing
regimen is that, for most of the course of treatment (i.e., the tertiary doses), it allows for less
frequent dosing (e.g., once every 8 weeks) compared to prior administration regimens for
angiogenic eye disorders which require monthly administrations throughout the entire course of
treatment. (See, e.qg., prescribing information for Lucentis® [ranibizumab], Genentech, Inc.).
[0007] The methods of the present invention can be used to treat any angiogenic eye disorder,
including, e.g., age related macular degeneration, diabetic retinopathy, diabetic macular edema,
central retinal vein occlusion, corneal neovascularization, etc.
[0008] The methods of the present invention comprise administering any VEGF antagonist to the
patient. In one embodiment, the VEGF antagonist comprises one or more VEGF receptor-based
chimeric molecule(s), (also referred to herein as a "VEGF-Trap" or "WVEGFT"). An exemplary VEGF
antagonist that can be used in the context of the present invention is a multimeric VEGF-binding
protein comprising two or more VEGF receptor-based chimeric molecules referred to herein as
"VEGFR1R2-FcAC1(a)" or "aflibercept.”
[0009] Various administration routes are contemplated for use in the methods of the present
invention, including, e.g., topical administration or intraocular administration (e.g., intravitreal
administration).
[0010] Aflibercept (EYLEA™, Regeneron Pharmaceuticals, Inc) was approved by the FDA in
November 2011, for the treatment of patients with neovascular (wet) age-related macular
degeneration, with a recommended dose of 2 mg administered by intravitreal injection every 4

-2-
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weeks for the first three months, followed by 2 mg administered by intravitreal injection once every
8 weeks.
[0011] Other embodiments of the present invention will become apparent from a review of the

ensuing detailed description.

BRIEF DESCRIPTION OF THE FIGURE
[0012] Figure 1 shows an exemplary dosing regimen of the present invention. In this regimen, a
single "initial dose" of VEGF antagonist ("VEGFT") is administered at the beginning of the treatment
regimen (i.e. at "week 0"), two "secondary doses" are administered at weeks 4 and 8, respectively,
and at least six "tertiary doses" are administered once every 8 weeks thereafter, i.e., at weeks 16,
24, 32, 40, 48, 56, etc.).

DETAILED DESCRIPTION
[0013] Before the present invention is described, it is to be understood that this invention is not
limited to particular methods and experimental conditions described, as such methods and
conditions may vary. Itis also to be understood that the terminology used herein is for the purpose
of describing particular embodiments only, and is not intended to be limiting, since the scope of the
present invention will be limited only by the appended claims.
[0014] 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 to which this invention belongs.
As used herein, the term "about," when used in reference to a particular recited numerical value,
means that the value may vary from the recited value by no more than 1%. For example, as used
herein, the expression "about 100" includes 99 and 101 and all values in between (e.g., 99.1, 99.2,
99.3, 99.4, etc.).
[0015] Although any methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the present invention, the preferred methods and materials are

now described.

DOSING REGIMENS

[0016] The present invention provides methods for treating angiogenic eye disorders. The
methods of the invention comprise sequentially administering to a patient multiple doses of a VEGF
antagonist. As used herein, "sequentially administering" means that each dose of VEGF antagonist
is administered to the patient at a different point in time, e.g., on different days separated by a
predetermined interval (e.g., hours, days, weeks or months). The present invention includes

methods which comprise sequentially administering to the patient a single initial dose of a VEGF

-3-
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antagonist, followed by one or more secondary doses of the VEGF antagonist, followed by one or
more tertiary doses of the VEGF antagonist.
[0017] The terms "initial dose," "secondary doses," and "tertiary doses," refer to the temporal
sequence of administration of the VEGF antagonist. Thus, the "initial dose" is the dose which is
administered at the beginning of the treatment regimen (also referred to as the "baseline dose"); the
"secondary doses" are the doses which are administered after the initial dose; and the "tertiary
doses" are the doses which are administered after the secondary doses. The initial, secondary,
and tertiary doses may all contain the same amount of VEGF antagonist, but will generally differ
from one another in terms of frequency of administration. In certain embodiments, however, the
amount of VEGF antagonist contained in the initial, secondary and/or tertiary doses will vary from
one another (e.g., adjusted up or down as appropriate) during the course of treatment.
[0018] In one exemplary embodiment of the present invention, each secondary dose is
administered 2 to 4 (e.g., 2, 2%, 3, 3%, or 4) weeks after the immediately preceding dose, and each
tertiary dose is administered at least 8 (e.g., 8, 8%, 9, 9%, 10, 1074, 11, 1174, 12, 12%, 13, 13'%, 14,
14Y5, or more) weeks after the immediately preceding dose. The phrase "the immediately
preceding dose," as used herein, means, in a sequence of multiple administrations, the dose of
VEGF antagonist which is administered to a patient prior to the administration of the very next dose
in the sequence with no intervening doses.
[0019] In one exemplary embodiment of the present invention, a single initial dose of a VEGF
antagonist is administered to a patient on the first day of the treatment regimen (i.e., at week 0),
followed by two secondary doses, each administered four weeks after the immediately preceding
dose (i.e., at week 4 and at week 8), followed by at least 5 tertiary doses, each administered eight
weeks after the immediately preceding dose (i.e., at weeks 16, 24, 32, 40 and 48). The tertiary
doses may continue (at intervals of 8 or more weeks) indefinitely during the course of the treatment
regimen. This exemplary administration regimen is depicted graphically in Figure 1.
[0020] The methods of the invention may comprise administering to a patient any number of
secondary and/or tertiary doses of a VEGF antagonist. For example, in certain embodiments, only
a single secondary dose is administered to the patient. In other embodiments, two or more (e.g., 2,
3,4,5,6, 7, 8, or more) secondary doses are administered to the patient. Likewise, in certain
embodiments, only a single tertiary dose is administered to the patient. In other embodiments, two
or more (e.g., 2, 3, 4, 5,6, 7, 8, or more) tertiary doses are administered to the patient.
[0021] In embodiments involving multiple secondary doses, each secondary dose may be
administered at the same frequency as the other secondary doses. For example, each secondary
dose may be administered to the patient 4 weeks after the immediately preceding dose. Similarly,
in embodiments involving multiple tertiary doses, each tertiary dose may be administered at the
same frequency as the other tertiary doses. For example, each tertiary dose may be administered
-4-
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to the patient 8 weeks after the immediately preceding dose. Alternatively, the frequency at which
the secondary and/or tertiary doses are administered to a patient can vary over the course of the
treatment regimen. For example, the present invention includes methods which comprise
administering to the patient a single initial dose of a VEGF antagonist, followed by one or more
secondary doses of the VEGF antagonist, followed by at least 5 tertiary doses of the VEGF
antagonist, wherein the first four tertiary doses are administered 8 weeks after the immediately
preceding dose, and wherein each subsequent tertiary dose is administered from 8 to 12 (e.g., 8,
8%, 9, 9%, 10, 104, 11, 114, 12) weeks after the immediately preceding dose. The frequency of
administration may also be adjusted during the course of treatment by a physician depending on

the needs of the individual patient following clinical examination.

VEGF ANTAGONISTS

[0022] The methods of the present invention comprise administering to a patient a VEGF
antagonist according to specified dosing regimens. As used herein, the expression "VEGF
antagonist” means any molecule that blocks, reduces or interferes with the normal biological activity
of VEGF.

[0023] VEGF antagonists include molecules which interfere with the interaction between VEGF
and a natural VEGF receptor, e.g., molecules which bind to VEGF or a VEGF receptor and prevent
or otherwise hinder the interaction between VEGF and a VEGF receptor. Specific exemplary VEGF
antagonists include anti-VEGF antibodies, anti-VEGF receptor antibodies, and VEGF receptor-
based chimeric molecules (also referred to herein as "VEGF-Traps").

[0024] VEGF receptor-based chimeric molecules include chimeric polypeptides which comprise
two or more immunoglobulin (lg)-like domains of a VEGF receptor such as VEGFR1 (also referred
to as Flt1) and/or VEGFR2 (also referred to as FIk1 or KDR), and may also contain a multimerizing
domain (e.g., an Fc domain which facilitates the multimerization [e.g., dimerization] of two or more
chimeric polypeptides). An exemplary VEGF receptor-based chimeric molecule is a molecule
referred to as VEGFR1R2-FcAC1(a) which is encoded by the nucleic acid sequence of SEQ ID
NO:1. VEGFR1R2-FcAC1(a) comprises three components: (1) a VEGFR1 component comprising
amino acids 27 to 129 of SEQ ID NO:2; (2) a VEGFR2 component comprising amino acids 130 to
231 of SEQ ID NO:2; and (3) a multimerization component ("FCAC1(a)") comprising amino acids
232 to 457 of SEQ ID NO:2 (the C-terminal amino acid of SEQ ID NO:2 [i.e., K458] may or may not
be included in the VEGF antagonist used in the methods of the invention; see e.g., US Patent
7,396,664). Amino acids 1-26 of SEQ ID NO:2 are the signal sequence.

[0025] The VEGF antagonist used in the Examples set forth herein below is a dimeric molecule
comprising two VEGFR1R2-FcAC1(a) molecules and is referred to herein as "VEGFT." Additional
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VEGEF receptor-based chimeric molecules which can be used in the context of the present invention
are disclosed in US 7,396,664, 7,303,746 and WO 00/75319.

ANGIOGENIC EYE DISORDERS

[0026] The methods of the present invention can be used to treat any angiogenic eye disorder.
The expression "angiogenic eye disorder," as used herein, means any disease of the eye which is
caused by or associated with the growth or proliferation of blood vessels or by blood vessel
leakage. Non-limiting examples of angiogenic eye disorders that are treatable using the methods of
the present invention include age-related macular degeneration (e.g., wet AMD, exudative AMD,
etc.), retinal vein occlusion (RVO), central retinal vein occlusion (CRVO; e.g., macular edema
following CRVO), branch retinal vein occlusion (BRVO), diabetic macular edema (DME), choroidal
neovascularization (CNV; e.g., myopic CNV), iris neovascularization, neovascular glaucoma, post-
surgical fibrosis in glaucoma, proliferative vitreoretinopathy (PVR), optic disc neovascularization,
corneal neovascularization, retinal neovascularization, vitreal neovascularization, pannus,

pterygium, vascular retinopathy, and diabetic retinopathies.

PHARMACEUTICAL FORMULATIONS
[0027] The present invention includes methods in which the VEGF antagonist that is administered
to the patient is contained within a pharmaceutical formulation. The pharmaceutical formulation
may comprise the VEGF antagonist along with at least one inactive ingredient such as, e.g., a
pharmaceutically acceptable carrier. Other agents may be incorporated into the pharmaceutical
composition to provide improved transfer, delivery, tolerance, and the like. The term
“‘pharmaceutically acceptable” means approved by a regulatory agency of the Federal or a state
government or listed in the U.S. Pharmacopeia or other generally recognized pharmacopeia for use
in animals, and more particularly, in humans. The term “carrier” refers to a diluent, adjuvant,
excipient, or vehicle with which the antibody is administered. A multitude of appropriate
formulations can be found in the formulary known to all pharmaceutical chemists: Remington's
Pharmaceutical Sciences (15th ed, Mack Publishing Company, Easton, Pa., 1975), particularly
Chapter 87 by Blaug, Seymour, therein. These formulations include, for example, powders, pastes,
ointments, jellies, waxes, oils, lipids, lipid (cationic or anionic) containing vesicles (such as
LIPOFECTIN™), DNA conjugates, anhydrous absorption pastes, oil-in-water and water-in-oil
emulsions, emulsions carbowax (polyethylene glycols of various molecular weights), semi-solid
gels, and semi-solid mixtures containing carbowax. Any of the foregoing mixtures may be
appropriate in the context of the methods of the present invention, provided that the VEGF
antagonist is not inactivated by the formulation and the formulation is physiologically compatible
and tolerable with the route of administration. See also Powell et al. PDA (1998) J Pharm Sci
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Technol. 52:238-311 and the citations therein for additional information related to excipients and
carriers well known to pharmaceutical chemists.

[0028] Pharmaceutical formulations useful for administration by injection in the context of the
present invention may be prepared by dissolving, suspending or emulsifying a VEGF antagonist in
a sterile aqueous medium or an oily medium conventionally used for injections. As the aqueous
medium for injections, there are, for example, physiological saline, an isotonic solution containing
glucose and other auxiliary agents, etc., which may be used in combination with an appropriate
solubilizing agent such as an alcohol (e.g., ethanol), a polyalcohol (e.g., propylene glycol,
polyethylene glycol), a nonionic surfactant [e.g., polysorbate 80, HCO-50 (polyoxyethylene (50 mol)
adduct of hydrogenated castor oil)], etc. As the oily medium, there may be employed, e.g., sesame
oil, soybean oil, etc., which may be used in combination with a solubilizing agent such as benzyl
benzoate, benzyl alcohol, etc. The injection thus prepared can be filled in an appropriate ampoule if

desired.

MODES OF ADMINISTRATION

[0029] The VEGF antagonist (or pharmaceutical formulation comprising the VEGF antagonist)
may be administered to the patient by any known delivery system and/or administration method. In
certain embodiments, the VEGF antagonist is administered to the patient by ocular, intraocular,
intravitreal or subconjunctival injection. In other embodiments, the VEGF antagonist can be
administered to the patient by topical administration, e.g., via eye drops or other liquid, gel, ointment
or fluid which contains the VEGF antagonist and can be applied directly to the eye. Other possible
routes of administration include, e.g., intradermal, intramuscular, intraperitoneal, intravenous,

subcutaneous, intranasal, epidural, and oral.

AMOUNT OF VEGF ANTAGONIST ADMINISTERED
[0030] Each dose of VEGF antagonist administered to the patient over the course of the treatment
regimen may contain the same, or substantially the same, amount of VEGF antagonist.
Alternatively, the quantity of VEGF antagonist contained within the individual doses may vary over
the course of the treatment regimen. For example, in certain embodiments, a first quantity of VEGF
antagonist is administered in the initial dose, a second quantity of VEGF antagonist is administered
in the secondary doses, and a third quantity of VEGF antagonist is administered in the tertiary
doses. The present invention contemplates dosing schemes in which the quantity of VEGF
antagonist contained within the individual doses increases over time (e.g., each subsequent dose
contains more VEGF antagonist than the last), decreases over time (e.g., each subsequent dose
contains less VEGF antagonist than the last), initially increases then decreases, initially decreases
then increases, or remains the same throughout the course of the administration regimen.
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[0031] The amount of VEGF antagonist administered to the patient in each dose is, in most
cases, a therapeutically effective amount. As used herein, the phrase "therapeutically effective
amount” means a dose of VEGF antagonist that results in a detectable improvement in one or more
symptoms or indicia of an angiogenic eye disorder, or a dose of VEGF antagonist that inhibits,
prevents, lessens, or delays the progression of an angiogenic eye disorder. In the case of an anti-
VEGF antibody or a VEGF receptor-based chimeric molecule such as VEGFR1R2-FcAC1(a), a
therapeutically effective amount can be from about 0.05 mg to about 5 mg, e.g., about 0.05 mg,
about 0.1 mg, about 0.15 mg, about 0.2 mg, about 0.25 mg, about 0.3 mg, about 0.35 mg, about
0.4 mg, about 0.45 mg, about 0.5 mg, about 0.55 mg, about 0.6 mg, about 0.65 mg, about 0.7 mg,
about 0.75 mg, about 0.8 mg, about 0.85 mg, about 0.9 mg, about 1.0 mg, about 1.05 mg, about
1.1 mg, about 1.15 mg, about 1.2 mg, about 1.25 mg, about 1.3 mg, about 1.35 mg, about 1.4 mg,
about 1.45 mg, about 1.5 mg, about 1.55 mg, about 1.6 mg, about 1.65 mg, about 1.7 mg, about
1.75 mg, about 1.8 mg, about 1.85 mg, about 1.9 mg, about 2.0 mg, about 2.05 mg, about 2.1 mg,
about 2.15 mg, about 2.2 mg, about 2.25 mg, about 2.3 mg, about 2.35 mg, about 2.4 mg, about
2.45 mg, about 2.5 mg, about 2.55 mg, about 2.6 mg, about 2.65 mg, about 2.7 mg, about 2.75 mg,
about 2.8 mg, about 2.85 mg, about 2.9 mg, about 3.0 mg, about 3.5 mg, about 4.0 mg, about 4.5
mg, or about 5.0 mg of the antibody or receptor-based chimeric molecule.

[0032] The amount of VEGF antagonist contained within the individual doses may be expressed
in terms of milligrams of antibody per kilogram of patient body weight (i.e., mg/kg). For example,
the VEGF antagonist may be administered to a patient at a dose of about 0.0001 to about 10 mg/kg
of patient body weight.

TREATMENT POPULATION AND EFFICACY

[0033] The methods of the present invention are useful for treating angiogenic eye disorders in
patients that have been diagnosed with or are at risk of being afflicted with an angiogenic eye
disorder. Generally, the methods of the present invention demonstrate efficacy within 104 weeks of
the initiation of the treatment regimen (with the initial dose administered at "week 0"), e.g., by the
end of week 16, by the end of week 24, by the end of week 32, by the end of week 40, by the end of
week 48, by the end of week 56, etc. In the context of methods for treating angiogenic eye
disorders such as AMD, CRVO, and DME, "efficacy" means that, from the initiation of treatment, the
patient exhibits a loss of 15 or fewer letters on the Early Treatment Diabetic Retinopathy Study
(ETDRS) visual acuity chart. In certain embodiments, "efficacy" means a gain of one or more (e.g.,
1,2,3,4,5,6,7,8,9,10, 11 or more) letters on the ETDRS chart from the time of initiation of

treatment.

0019



EXAMPLES
[0034] The following examples are put forth so as to provide those of ordinary skill in the art with a
complete disclosure and description of how to make and use the methods and compositions of the
invention, and are not intended to limit the scope of what the inventors regard as their invention.
Efforts have been made to ensure accuracy with respect to numbers used (e.g., amounts,
temperature, etc.) but some experimental errors and deviations should be accounted for. Unless
indicated otherwise, parts are parts by weight, molecular weight is average molecular weight,
temperature is in degrees Centigrade, and pressure is at or near atmospheric.
[0035] The exemplary VEGF antagonist used in all Examples set forth below is a dimeric
molecule having two functional VEGF binding units. Each functional binding unit is comprised of Ig
domain 2 from VEGFR1 fused to Ig domain 3 from VEGFR2, which in turn is fused to the hinge
region of a human IgG1 Fc domain (VEGFR1R2-FcAC1(a); encoded by SEQ ID NO:1). This VEGF
antagonist is referred to in the examples below as "VEGFT". For purposes of the following

Examples, "monthly" dosing is equivalent to dosing once every four weeks.

Example 1: Phase I Clinical Trial of Intravitreally Administered VEGF Receptor-Based
Chimeric Molecule (VEGFT) in Subjects with Neovascular AMD

[0036] In this Phase | study, 21 subjects with neovascular AMD received a single intravitreal (IVT)
dose of VEGFT. Five groups of three subjects each received either 0.05, 0.15, 0.5, 2 or 4 mg of
VEGFT, and a sixth group of six subjects received 1 mg. No serious adverse events related to the
study drug, and no identifiable intraocular inflammation was reported. Preliminary results showed
that, following injection of VEGFT, a rapid decrease in foveal thickness and macular volume was
observed that was maintained through 6 weeks. At Day 43 across all dose groups, mean excess
retinal thickness [excess retinal thickness = (retinal thickness — 179u)] on optical coherence
tomography (OCT) was reduced from 119y to 27y as assessed by Fast Macular Scan and from
194 to 60y as assessed using a single Posterior Pole scan. The mean increase in best corrected
visual acuity (BCVA) was 4.75 letters, and BCVA was stable or improved in 95% of subjects. In the
2 highest dose groups (2 and 4 mg), the mean increase in BCVA was 13.5 letters, with 3 of 6

subjects demonstrating improvement of = 3 lines.

Example 2: Phase Il Clinical Trial of Repeated Doses of Intravitreally Administered VEGF
Receptor-Based Chimeric Molecule (VEGFT) in Subjects with Neovascular AMD

[0037] This study was a double-masked, randomized study of 3 doses (0.5, 2, and 4 mg) of
VEGFT tested at 4-week and/or 12-week dosing intervals. There were 5 treatment arms in this
study, as follows: 1) 0.5 mg every 4 weeks, 2) 0.5 mg every 12 weeks, 3) 2 mg every 4 weeks, 4) 2

mg every 12 weeks and 5) 4 mg every 12 weeks. Subjects were dosed at a fixed interval for the
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first 12 weeks, after which they were evaluated every 4 weeks for 9 months, during which additional
doses were administered based on pre-specified criteria. All subjects were then followed for one
year after their last dose of VEGFT. Preliminary data from a pre-planned interim analysis indicated
that VEGFT met its primary endpoint of a statistically significant reduction in retinal thickness after
12 weeks compared with baseline (all groups combined, decrease of 135y, p < 0.0001). Mean
change from baseline in visual acuity, a key secondary endpoint of the study, also demonstrated
statistically significant improvement (all groups combined, increase of 5.9 letters, p < 0.0001).
Moreover, patients in the dose groups that received only a single dose, on average, demonstrated a
decrease in excess retinal thickness (p < 0.0001) and an increase in visual acuity (p = 0.012) at 12
weeks. There were no drug-related serious adverse events, and treatment with the VEGF
antagonists was generally well-tolerated. The most common adverse events were those typically

associated with intravitreal injections.

Example 3: Phase | Clinical Trial of Systemically Administered VEGF Receptor-Based
Chimeric Molecule (VEGFT) in Subjects with Neovascular AMD

[0038] This study was a placebo-controlled, sequential-group, dose-escalating safety, tolerability
and bioeffect study of VEGFT by |V infusion in subjects with neovascular AMD. Groups of 8
subjects meeting eligibility criteria for subfoveal choroidal neovascularization (CNV) related to AMD
were assigned to receive 4 |V injections of VEGFT or placebo at dose levels of 0.3, 1, or 3 mg/kg
over an 8-week period.

[0039] Most adverse events that were attributed to VEGFT were mild to moderate in severity, but
2 of 5 subjects treated with 3 mg/kg experienced dose-limiting toxicity (DLT) (one with Grade 4
hypertension and one with Grade 2 proteinuria); therefore, all subjects in the 3 mg/kg dose group
did not enter the study. The mean percent changes in excess retinal thickness were: -12%, -10%, -
66%, and -60% for the placebo, 0.3, 1, and 3 mg/kg dose groups at day 15 (ANOVA p< 0.02), and -
5.6%, +47.1%, and -63.3% for the placebo, 0.3, and 1 mg/kg dose groups at day 71 (ANOVA p<
0.02). There was a numerical improvement in BCVA in the subjects treated with VEGFT. As would

be expected in such a small study, the results were not statistically significant.

Example 4: Phase lll Clinical Trials of the Efficacy, Safety, and Tolerability of Repeated
Doses of Intravitreal VEGFT in Subjects with Neovascular Age-Related Macular Degeneration

A. Objectives, Hypotheses and Endpoints

[0040] Two parallel Phase Il clinical trials were carried out to investigate the use of VEGFT to
treat patients with the neovascular form of age-related macular degeneration (Study 1 and Study 2).
The primary objective of these studies was to assess the efficacy of IVT administered VEGFT
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compared to ranibizumab (Lucentis®, Genentech, Inc.), in a non-inferiority paradigm, in preventing
moderate vision loss in subjects with all subtypes of neovascular AMD.

[0041] The secondary objectives were (a) to assess the safety and tolerability of repeated IVT
administration of VEGFT in subjects with all sub-types of neovascular AMD for periods up to 2
years; and (b) to assess the effect of repeated IVT administration of VEGFT on Vision-Related
Quality of Life (QOL) in subjects with all sub-types of neovascular AMD.

[0042] The primary hypothesis of these studies was that the proportion of subjects treated with
VEGFT with stable or improved BCVA (<15 letters lost) is similar to the proportion treated with
ranibizumab who have stable or improved BCVA, thereby demonstrating non-inferiority.

[0043] The primary endpoint for these studies was the prevention of vision loss of greater than or
equal to 15 letters on the ETDRS chart, compared to baseline, at 52 weeks. Secondary endpoints
were as follows: (a) change from baseline to Week 52 in letter score on the ETDRS chart; (b) gain
from baseline to Week 52 of 15 letters or more on the ETDRS chart; (c) change from baseline to
Week 52 in total NEI VFQ-25 score; and (d) change from baseline to Week 52 in CNV area.

B. Study Design
[0044] For each study, subjects were randomly assigned in a 1:1:1:1 ratio to 1 of 4 dosing
regimens: (1) 2 mg VEGFT administered every 4 weeks (2Q4); (2) 0.5 mg VEGFT administered
every 4 weeks (0.5Q4); (3) 2 mg VEGFT administered every 4 weeks to week 8 and then every 8
weeks (with sham injection at the interim 4-week visits when study drug was not administered
(2Q8); and (4) 0.5 mg ranibizumab administered every 4 weeks (RQ4). Subjects assigned to (2Q8)
received the 2 mg injection every 4 weeks to week 8 and then a sham injection at interim 4-week
visits (when study drug is not to be administered) during the first 52 weeks of the studies. (No
sham injection were given at Week 52).
[0045] The study duration for each subject was scheduled to be 96 weeks plus the recruitment
period. For the first 52 weeks (Year 1), subjects received an IVT or sham injection in the study eye
every 4 weeks. (No sham injections were given at Week 52). During the second year of the study,
subjects will be evaluated every 4 weeks and will receive IVT injection of study drug at intervals
determined by specific dosing criteria, but at least every 12 weeks. (During the second year of the
study, sham injections will not be given.) During this period, injections may be given as frequently
as every 4 weeks, but no less frequently than every 12 weeks, according to the following criteria: (i)
increase in central retinal thickness of 2100 ym compared to the lowest previous value as
measured by optical coherence tomography (OCT); or (ii) a loss from the best previous letter score
of at least 5 ETDRS letters in conjunction with recurrent fluid as indicated by OCT; or (iii) new or
persistent fluid as indicated by OCT; or (iv) new onset classic neovascularization, or new or
persistent leak on fluorescein angiography (FA); or (v) new macular hemorrhage; or (vi) 12 weeks
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have elapsed since the previous injection. According to the present protocol, subjects must receive
an injection at least every 12 weeks.
[0046] Subjects were evaluated at 4 weeks intervals for safety and best corrected visual acuity
(BCVA) using the 4 meter ETDRS protocol. Quality of Life (QOL) was evaluated using the NEI
VFQ-25 questionnaire. OCT and FA examinations were conducted periodically.
[0047] Approximately 1200 subjects were enrolled, with a target enroliment of 300 subjects per
treatment arm.
[0048] To be eligible for this study, subjects were required to have subfoveal choroidal
neovascularization (CNV) secondary to AMD. "Subfoveal" CNV was defined as the presence of
subfoveal neovascularization, documented by FA, or presence of a lesion that is juxtafoveal in
location angiographically but affects the fovea. Subject eligibility was confirmed based on
angiographic criteria prior to randomization.
[0049] Only one eye was designated as the study eye. For subjects who met eligibility criteria in
both eyes, the eye with the worse VA was selected as the study eye. If both eyes had equal VA,
the eye with the clearest lens and ocular media and least amount of subfoveal scar or geographic
atrophy was selected. If there was no objective basis for selecting the study eye, factors such as
ocular dominance, other ocular pathology and subject preference were considered in making the
selection.
[0050] Inclusion criteria for both studies were as follows: (i) signed Informed consent; (ii) at least
50 years of age; (iii) active primary subfoveal CNV lesions secondary to AMD, including juxtafoveal
lesions that affect the fovea as evidenced by FA in the study eye; (iv) CNV at least 50% of total
lesion size; (v) early treatment diabetic retinopathy study (ETDRS) best-corrected visual acuity of:
20/40 to 20/320 (letter score of 73 to 25) in the study eye; (vi) willing, committed, and able to return
for all clinic visits and complete all study-related procedures; and (vii) able to read, understand and
willing to sign the informed consent form (or, if unable to read due to visual impairment, be read to
verbatim by the person administering the informed consent or a family member).
[0051] Exclusion criteria for both studies were as follows: 1. Any prior ocular (in the study eye) or
systemic treatment or surgery for neovascular AMD except dietary supplements or vitamins. 2. Any
prior or concomitant therapy with another investigational agent to treat neovascular AMD in the
study eye, except dietary supplements or vitamins. 3. Prior treatment with anti-VEGF agents as
follows: (a) Prior treatment with anti-VEGF therapy in the study eye was not allowed; (b) Prior
treatment with anti-VEGF therapy in the fellow eye with an investigational agent (not FDA approved,
e.g. bevacizumab) was allowed up to 3 months prior to first dose in the study, and such treatments
were not allowed during the study. Prior treatment with an approved anti-VEGF therapy in the
fellow eye was allowed; (c) Prior systemic anti-VEGF therapy, investigational or FDA/Health
Canada approved, was only allowed up to 3 months prior to first dose, and was not allowed during
-12-
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the study. 4. Total lesion size > 12 disc areas (30.5 mm2, including blood, scars and
neovascularization) as assessed by FA in the study eye. 5. Subretinal hemorrhage that is either
50% or more of the total lesion area, or if the blood is under the fovea and is 1 or more disc areas in
size in the study eye. (If the blood is under the fovea, then the fovea must be surrounded 270
degrees by visible CNV.) 6. Scar or fibrosis, making up > 50% of total lesion in the study eye. 7.
Scar, fibrosis, or atrophy involving the center of the fovea. 8. Presence of retinal pigment epithelial
tears or rips involving the macula in the study eye. 9. History of any vitreous hemorrhage within 4
weeks prior to Visit 1 in the study eye. 10. Presence of other causes of CNV, including pathologic
myopia (spherical equivalent of —8 diopters or more negative, or axial length of 25 mm or more),
ocular histoplasmosis syndrome, angioid streaks, choroidal rupture, or multifocal choroiditis in the
study eye. 11. History or clinical evidence of diabetic retinopathy, diabetic macular edema or any
other vascular disease affecting the retina, other than AMD, in either eye. 12. Prior vitrectomy in
the study eye. 13. History of retinal detachment or treatment or surgery for retinal detachment in
the study eye. 14. Any history of macular hole of stage 2 and above in the study eye. 15. Any
intraocular or periocular surgery within 3 months of Day 1 on the study eye, except lid surgery,
which may not have taken place within 1 month of day 1, as long as it was unlikely to interfere with
the injection. 16. Prior trabeculectomy or other filtration surgery in the study eye. 17. Uncontrolled
glaucoma (defined as intraocular pressure greater than or equal to 25 mm Hg despite treatment
with anti-glaucoma medication) in the study eye. 18. Active intraocular inflammation in either eye.
19. Active ocular or periocular infection in either eye. 20. Any ocular or periocular infection within
the last 2 weeks prior to Screening in either eye. 21. Any history of uveitis in either eye. 22. Active
scleritis or episcleritis in either eye. 23. Presence or history of scleromalacia in either eye. 24.
Aphakia or pseudophakia with absence of posterior capsule (unless it occurred as a result of a
yttrium aluminum garnet [YAG] posterior capsulotomy) in the study eye. 25. Previous therapeutic
radiation in the region of the study eye. 26. History of corneal transplant or corneal dystrophy in the
study eye. 27. Significant media opacities, including cataract, in the study eye which might interfere
with visual acuity, assessment of safety, or fundus photography. 28. Any concurrent intraocular
condition in the study eye (e.g. cataract) that, in the opinion of the investigator, could require either
medical or surgical intervention during the 96 week study period. 29. Any concurrent ocular
condition in the study eye which, in the opinion of the investigator, could either increase the risk to
the subject beyond what is to be expected from standard procedures of intraocular injection, or
which otherwise may interfere with the injection procedure or with evaluation of efficacy or safety.
30. History of other disease, metabolic dysfunction, physical examination finding, or clinical
laboratory finding giving reasonable suspicion of a disease or condition that contraindicates the use
of an investigational drug or that might affect interpretation of the results of the study or render the
subject at high risk for treatment complications. 31. Participation as a subject in any clinical study
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within the 12 weeks prior to Day 1. 32. Any systemic or ocular treatment with an investigational
agent in the past 3 months prior to Day 1. 33. The use of long acting steroids, either systemically or
intraocularly, in the 6 months prior to day 1. 34. Any history of allergy to povidone iodine. 35.
Known serious allergy to the fluorescein sodium for injection in angiography. 36. Presence of any
contraindications indicated in the FDA Approved label for ranibizumab (Lucentis®). 37. Females
who were pregnant, breastfeeding, or of childbearing potential, unwilling to practice adequate
contraception throughout the study. Adequate contraceptive measures include oral contraceptives
(stable use for 2 or more cycles prior to screening); lUD; Depo-Provera®; Norplant® System
implants; bilateral tubal ligation; vasectomy; condom or diaphragm plus either contraceptive
sponge, foam or jelly.

[0052] Subjects were not allowed to receive any standard or investigational agents for treatment
of their AMD in the study eye other than their assigned study treatment with VEGFT or ranibizumab
as specified in the protocol until they completed the Completion/Early Termination visit
assessments. This includes medications administered locally (e.g., IVT, topical, juxtascleral or
periorbital routes), as well as those administered systemically with the intent of treating the study
and/or fellow eye.

[0053] The study procedures are summarized as follows:

[0054] Best Corrected Visual Acuity: Visual function of the study eye and the fellow eye were

assessed using the ETDRS protocol (The Early Treatment Diabetic Retinopathy Study Group) at 4
meters. Visual Acuity examiners were certified to ensure consistent measurement of BCVA. The
VA examiners were required to remain masked to treatment assignment.

[0055] Optical Coherence Tomography: Retinal and lesion characteristics were evaluated using

OCT on the study eye. At the Screen Visit (Visit 1) images were captured and transmitted for both
eyes. All OCT images were captured using the Zeiss Stratus OCT™ with software Version 3 or
greater. OCT images were sent to an independent reading center where images were read by
masked readers at visits where OCTs were required. All OCTs were electronically archived at the
site as part of the source documentation. A subset of OCT images were read. OCT technicians
were required to be certified by the reading center to ensure consistency and quality in image
acquisition. Adequate efforts were made to ensure that OCT technicians at the site remained
masked to treatment assignment.

[0056] Fundus Photography and Fluorescein Angiography (FA): The anatomical state of the

retinal vasculature of the study eye was evaluated by funduscopic examination, fundus photography
and FA. At the Screen Visit (Visit 1) funduscopic examination, fundus photography and FA were
captured and transmitted for both eyes. Fundus and angiographic images were sent to an
independent reading center where images were read by masked readers. The reading center
confirmed subject eligibility based on angiographic criteria prior to randomization. All FAs and
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fundus photographs were archived at the site as part of the source documentation. Photographers
were required to be certified by the reading center to ensure consistency and quality in image
acquisition. Adequate efforts were made to ensure that all photographers at the site remain
masked to treatment assignment.

[0057] Vision-Related Quality of Life: Vision-related QOL was assessed using the National Eye

Institute 25-Item Visual Function Questionnaire (NEI VFQ-25) in the interviewer-administered
format. NEI VFQ-25 was administered by certified personnel at a contracted call center. At the
screening visit, the sites assisted the subject and initiated the first call to the call center to collect all
of the subject’s contact information and to complete the first NEI VFQ-25 on the phone prior to
randomization and IVT injection. For all subsequent visits, the call center called the subject on the
phone, prior to IVT injection, to complete the questionnaire.

[0058] Intraocular Pressure: Intraocular pressure (IOP) of the study eye was measured using

applanation tonometry or Tonopen. The same method of IOP measurement was used in each
subject throughout the study.
[0059]

C. Results Summary (52 Week Data)
[0060] The primary endpoint (prevention of moderate or severe vision loss as defined above) was
met for all three VEGFT groups (2Q4, 0.5Q4 and 2Q8) in this study. The results from both studies

are summarized in Table 1.

Table 1
Ranibizumab VEGFT VEGFT VEGFT
0.5 mg monthly 0.5 mg monthly 2 mg monthly 2 mgevery 8
(RQ4) (0.5Q4) (2Q4) weeks" (2Q8)

Maintenance of vision* (% patients losing <15 letters) at week 52 versus baseline
Study 1 94.4% 95.9%** 95.1%** 95.1%**
Study 2 94.4% 96.3%™** 95.6%™* 95.6%™*
Mean improvement in vision* (letters) at 52 weeks versus baseline (p-value vs RQ4)***
Study 1 8.1 6.9 (NS) 10.9 (p<0.01) 7.9 (NS)
Study 2 9.4 9.7 (NS) 7.6 (NS) 8.9 (NS

@l Following three initial monthly doses

* Visual acuity was measured as the total number of letters read correctly on the Early Treatment
Diabetic Retinopathy Study (ETDRS) eye chart.

** Statistically non-inferior based on a non-inferiority margin of 10%, using confidence interval
approach (95.1% and 95% for Study 1 and Study 2, respectively)

*** Test for superiority

NS = non-significant
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[0061] In Study 1, patients receiving VEGFT 2mg monthly (2Q4) achieved a statistically significant
greater mean improvement in visual acuity at week 52 versus baseline (secondary endpoint),
compared to ranibizumab 0.5mg monthly (RQ4); patients receiving VEGFT 2mg monthly on
average gained 10.9 letters, compared to a mean 8.1 letter gain with ranibizumab 0.5mg dosed
every month (p<0.01). All other dose groups of VEGFT in Study 1 and all dose groups in Study 2
were not statistically different from ranibizumab in this secondary endpoint.

[0062] A generally favorable safety profile was observed for both VEGFT and ranibizumab. The
incidence of ocular treatment emergent adverse events was balanced across all four treatment
groups in both studies, with the most frequent events associated with the injection procedure, the
underlying disease, and/or the aging process. The most frequent ocular adverse events were
conjunctival hemorrhage, macular degeneration, eye pain, retinal hemorrhage, and vitreous
floaters. The most frequent serious non-ocular adverse events were typical of those reported in
this elderly population who receive intravitreal treatment for wet AMD; the most frequently reported
events were falls, pneumonia, myocardial infarction, atrial fibrillation, breast cancer, and acute

coronary syndrome. There were no notable differences among the study arms.

Example 5: Phase Il Clinical Trial of VEGFT in Subjects with Diabetic Macular Edema (DME)

[0063] In this study, 221 patients with clinically significant DME with central macular involvement
were randomized, and 219 patients were treated with balanced distribution over five groups. The
control group received macular laser therapy at baseline, and patients were eligible for repeat laser
treatments, but no more frequently than at 16 week intervals. The remaining four groups received
VEGFT by intravitreal injection as follows: Two groups received 0.5 or 2 mg of VEGFT once every
four weeks throughout the 12-month dosing period (0.5Q4 and 2Q4, respectively). Two groups
received three initial doses of 2 mg VEGFT once every four weeks (i.e., at baseline, and weeks 4
and 8), followed through week 52 by either once every 8 weeks dosing (2Q8) or as needed dosing
with very strict repeat dosing criteria (PRN). Mean gains in visual acuity versus baseline were as

shown in Table 2:

Table 2
Mean change in visual acuity at | Mean change in visual acuity at
week 24 versus baseline week 52 versus baseline

n (letters) (letters)
Laser 44 2.5 -1.3
VEGFT 0.5 mg . wx
monthly (0.5Q4) a4 8.6 1.0
VEGFT 2 mg monthly - ox
(2Q4) 44 11.4 13.1
VEGFT 2 mg every 8 42 8.5** 9.7
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weeks'? (2Q8)

VEGFT 2 mg as

needod! (PRN) 45 10.3 12.0

Bl Following three initial monthly doses

** p < 0.01 versus laser

[0064] In this study, the visual acuity gains achieved with VEGFT administration at week 24 were
maintained or numerically improved up to completion of the study at week 52 in all VEGFT study
groups, including 2 mg dosed every other month

[0065] As demonstrated in the foregoing Examples, the administration of VEGFT to patients
suffering from angiogenic eye disorders (e.g., AMD and DME) at a frequency of once every 8
weeks, following a single initial dose and two secondary doses administered four weeks apart,

resulted in significant prevention of moderate or severe vision loss or improvements in visual acuity.

Example 6: A Randomized, Multicenter, Double-Masked Trial in Treatment Naive Patients
with Macular Edema Secondary to CRVO

[0066] In this randomized, double-masked, Phase 3 study, patients received 6 monthly injections
of either 2 mg intravitreal VEGFT (114 patients) or sham injections (73 patients). From Week 24 to
Week 52, all patients received 2 mg VEGFT as-needed (PRN) according to retreatment criteria.
Thus, "sham-treated patients" means patients who received sham injections once every four weeks
from Week 0 through Week 20, followed by intravitreal VEGFT as needed from Week 24 through
Week 52. "VEGFT-treated patients" means patients who received VEGFT intravitreal injections
once every four weeks from Week 0 through Week 20, followed by intravitreal VEGFT as needed
from Week 24 through Week 52. The primary endpoint was the proportion of patients who gained
215 ETDRS letters from baseline at Week 24. Secondary visual, anatomic, and Quality of Life NEI
VFQ-25 outcomes at Weeks 24 and 52 were also evaluated.

[0067] At Week 24, 56.1% of VEGFT-treated patients gained 215 ETDRS letters from baseline vs
12.3% of sham-treated patients (P<0.0001). Similarly, at Week 52, 55.3% of VEGFT-treated
patients gained 215 letters vs 30.1% of sham-treated patients (P<0.01). At Week 52, VEGFT-
treated patients gained a mean of 16.2 letters vs 3.8 letters for sham-treated patients (P<0.001).
Mean number of injections was 2.7 for VEGFT-treated patients vs 3.9 for sham-treated patients.
Mean change in central retinal thickness was -413.0 um for VEGFT-treated patients vs -381.8 um
for sham-treated patients. The proportion of patients with ocular neovascularization at Week 24
were 0% for VEGFT-treated patients and 6.8% for sham-treated patients, respectively; at Week 52
after receiving VEGFT PRN, proportions were 0% and 6.8% for VEGFT-treated and sham-treated.
At Week 24, the mean change from baseline in the VFQ-25 total score was 7.2 vs 0.7 for the
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VEGFT-treated and sham-treated groups; at Week 52, the scores were 7.5 vs 5.1 for the VEGFT-
treated and sham-treated groups.

[0068] This Example confirms that dosing monthly with 2 mg intravitreal VEGFT injection resulted
in a statistically significant improvement in visual acuity at Week 24 that was maintained through
Week 52 with PRN dosing compared with sham PRN treatment. VEGFT was generally well

tolerated and had a generally favorable safety profile.

Example 7: Dosing Regimens

[0069] Specific, non-limiting examples of dosing regimens within the scope of the present
invention are as follows:

[0070] VEGFT 2 mg (0.05 mL) administered by intravitreal injection once every 4 weeks
(monthly).

[0071] VEGFT 2 mg (0.5 mL) administered by intravitreal injection once every 4 weeks for the first
8 weeks, followed by 2 mg (0.05 mL) via intravitreal injection once every 8 weeks.

[0072] VEGFT 2 mg (0.5 mL) administered by intravitreal injection once every 4 weeks for the first
8 weeks, followed by 2 mg (0.05 mL) via intravitreal injection on a less frequent basis based on
visual and/or anatomical outcomes (as assessed by a physician or other qualified medical
professional).

[0073] VEGFT 2 mg (0.5 mL) administered by intravitreal injection once every 4 weeks for the first
8 weeks, followed by 2 mg (0.05 mL) via intravitreal injection administered pro re nata (PRN) based
on visual and/or anatomical outcomes (as assessed by a physician or other qualified medical
professional).

[0074] VEGFT 2 mg (0.5 mL) administered by intravitreal injection once every 4 weeks for the first
12 weeks, followed by 2 mg (0.05 mL) via intravitreal injection once every 8 weeks.

[0075] VEGFT 2 mg (0.5 mL) administered by intravitreal injection once every 4 weeks for the first
12 weeks, followed by 2 mg (0.05 mL) via intravitreal injection on a less frequent basis based on
visual and/or anatomical outcomes (as assessed by a physician or other qualified medical
professional).

[0076] VEGFT 2 mg (0.5 mL) administered by intravitreal injection once every 4 weeks for the first
12 weeks, followed by 2 mg (0.05 mL) via intravitreal injection administered pro re nata (PRN)
based on visual and/or anatomical outcomes (as assessed by a physician or other qualified medical
professional).

[0077] VEGFT 2 mg (0.5 mL) administered by intravitreal injection once every 4 weeks for the first
16 weeks, followed by 2 mg (0.05 mL) via intravitreal injection once every 8 weeks.

[0078] VEGFT 2 mg (0.5 mL) administered by intravitreal injection once every 4 weeks for the first

16 weeks, followed by 2 mg (0.05 mL) via intravitreal injection on a less frequent basis based on
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visual and/or anatomical outcomes (as assessed by a physician or other qualified medical
professional).
[0079] VEGFT 2 mg (0.5 mL) administered by intravitreal injection once every 4 weeks for the first
16 weeks, followed by 2 mg (0.05 mL) via intravitreal injection administered pro re nata (PRN)
based on visual and/or anatomical outcomes (as assessed by a physician or other qualified medical
professional).
[0080] VEGFT 2 mg (0.5 mL) administered by intravitreal injection once every 4 weeks for the first
20 weeks, followed by 2 mg (0.05 mL) via intravitreal injection once every 8 weeks.
[0081] VEGFT 2 mg (0.5 mL) administered by intravitreal injection once every 4 weeks for the first
20 weeks, followed by 2 mg (0.05 mL) via intravitreal injection on a less frequent basis based on
visual and/or anatomical outcomes (as assessed by a physician or other qualified medical
professional).
[0082] VEGFT 2 mg (0.5 mL) administered by intravitreal injection once every 4 weeks for the first
20 weeks, followed by 2 mg (0.05 mL) via intravitreal injection administered pro re nata (PRN)
based on visual and/or anatomical outcomes (as assessed by a physician or other qualified medical
professional).
[0083] VEGFT 2 mg (0.5 mL) administered by intravitreal injection once every 4 weeks for the first
24 weeks, followed by 2 mg (0.05 mL) via intravitreal injection once every 8 weeks.
[0084] VEGFT 2 mg (0.5 mL) administered by intravitreal injection once every 4 weeks for the first
24 weeks, followed by 2 mg (0.05 mL) via intravitreal injection on a less frequent basis based on
visual and/or anatomical outcomes (as assessed by a physician or other qualified medical
professional).
[0085] VEGFT 2 mg (0.5 mL) administered by intravitreal injection once every 4 weeks for the first
24 weeks, followed by 2 mg (0.05 mL) via intravitreal injection administered pro re nata (PRN)
based on visual and/or anatomical outcomes (as assessed by a physician or other qualified medical
professional).
[0086] VEGFT 2 mg (0.5 mL) administered by intravitreal injection once every 4 weeks for the first
28 weeks, followed by 2 mg (0.05 mL) via intravitreal injection once every 8 weeks.
[0087] VEGFT 2 mg (0.5 mL) administered by intravitreal injection once every 4 weeks for the first
28 weeks, followed by 2 mg (0.05 mL) via intravitreal injection on a less frequent basis based on
visual and/or anatomical outcomes (as assessed by a physician or other qualified medical
professional).
[0088] VEGFT 2 mg (0.5 mL) administered by intravitreal injection once every 4 weeks for the first
28 weeks, followed by 2 mg (0.05 mL) via intravitreal injection administered pro re nata (PRN)
based on visual and/or anatomical outcomes (as assessed by a physician or other qualified medical
professional).
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[0089] VEGFT 2 mg (0.05 mL) administered by intravitreal injection as a single initial dose,
followed by additional doses administered pro re nata (PRN) based on visual and/or anatomical
outcomes (as assessed by a physician or other qualified medical professional).

[0090] Variations on the above-described dosing regimens would be appreciated by persons of
ordinary skill in the art and are also within the scope of the present invention. For example, the
amount of VEGFT and/or volume of formulation administered to a patient may be varied based on
patient characteristics, severity of disease, and other diagnostic assessments by a physician or
other qualified medical professional.

[0091] Any of the foregoing administration regimens may be used for the treatment of, e.g., age-
related macular degeneration (e.g., wet AMD, exudative AMD, etc.), retinal vein occlusion (RVO),
central retinal vein occlusion (CRVO; e.g., macular edema following CRVO), branch retinal vein
occlusion (BRVO), diabetic macular edema (DME), choroidal neovascularization (CNV; e.g., myopic
CNV), iris neovascularization, neovascular glaucoma, post-surgical fibrosis in glaucoma,
proliferative vitreoretinopathy (PVR), optic disc neovascularization, corneal neovascularization,

retinal neovascularization, vitreal neovascularization, pannus, pterygium, vascular retinopathy, etc.

SEQUENCES
[0092] SEQ ID NO:1 (DNA sequence having 1377 nucleotides):
ATGGTCAGCTACTGGGACACCGGGGTCCTGCTGTGCGCGCTGCTCAGCTGTCTGCTTCTCAC
AGGATCTAGTTCCGGAAGTGATACCGGTAGACCTTTCGTAGAGATGTACAGTGAAATCCCCGA
AATTATACACATGACTGAAGGAAGGGAGCTCGTCATTCCCTGCCGGGTTACGTCACCTAACAT
CACTGTTACTTTAAAAAAGTTTCCACTTGACACTTTGATCCCTGATGGAAAACGCATAATCTGG
GACAGTAGAAAGGGCTTCATCATATCAAATGCAACGTACAAAGAAATAGGGCTTCTGACCTGT
GAAGCAACAGTCAATGGGCATTTGTATAAGACAAACTATCTCACACATCGACAAACCAATACAA
TCATAGATGTGGTTCTGAGTCCGTCTCATGGAATTGAACTATCTGTTGGAGAAAAGCTTGTCTT
AAATTGTACAGCAAGAACTGAACTAAATGTGGGGATTGACTTCAACTGGGAATACCCTTCTTCG
AAGCATCAGCATAAGAAACTTGTAAACCGAGACCTAAAAACCCAGTCTGGGAGTGAGATGAAG
AAATTTTTGAGCACCTTAACTATAGATGGTGTAACCCGGAGTGACCAAGGATTGTACACCTGTG
CAGCATCCAGTGGGCTGATGACCAAGAAGAACAGCACATTTGTCAGGGTCCATGAAAAGGACA
AAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCT
TCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTG
GTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGT
GCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCG
TCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAAC
AAAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACC
ACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCT
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GCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCG
GAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGC
AAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCA
TGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAATGA

[0093] SEQ ID NO:2 (polypeptide sequence having 458 amino acids):
MVSYWDTGVLLCALLSCLLLTGSSSGSDTGRPFVEMYSEIPEIIHMTEGRELVIPCRVTSPNITVTLK
KFPLDTLIPDGKRIWDSRKGFIISNATYKEIGLLTCEATVNGHLYKTNYLTHRQTNTIIDVVLSPSHGI
ELSVGEKLVLNCTARTELNVGIDFNWEYPSSKHQHKKLVNRDLKTQSGSEMKKFLSTLTIDGVTRS
DQGLYTCAASSGLMTKKNSTFVRVHEKDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEV
TCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV
SNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

[0094] The present invention is not to be limited in scope by the specific embodiments described
herein. Indeed, various modifications of the invention in addition to those described herein will
become apparent to those skilled in the art from the foregoing description and the accompanying

figures. Such modifications are intended to fall within the scope of the appended claims.
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What is claimed is:

1. A method for treating an angiogenic eye disorder in a patient, said method comprising
sequentially administering to the patient a single initial dose of a VEGF antagonist, followed by one
or more secondary doses of the VEGF antagonist, followed by one or more tertiary doses of the
VEGF antagonist;

wherein each secondary dose is administered 2 to 4 weeks after the immediately preceding

dose; and

wherein each tertiary dose is administered at least 8 weeks after the immediately preceding

dose.

2. The method of claim 1, wherein only a single secondary dose is administered to the
patient, and wherein the single secondary dose is administered 4 weeks after the initial dose of the
VEGF antagonist.

3. The method of claim 1, wherein only two secondary doses are administered to the
patient, and wherein each secondary dose is administered 4 weeks after the immediately preceding

dose.

4. The method of claim 3, wherein each tertiary dose is administered 8 weeks after the

immediately preceding dose.

5. The method of claim 1, wherein at least 5 tertiary doses of the VEGF antagonist are
administered to the patient, and wherein the first four tertiary doses are administered 8 weeks after
the immediately preceding dose, and wherein each subsequent tertiary dose is administered 8 or

12 weeks after the immediately preceding dose.

6. The method of claim 1, wherein the angiogenic eye disorder is selected from the
group consisting of: age related macular degeneration, diabetic retinopathy, diabetic macular

edema, central retinal vein occlusion, branch retinal vein occlusion, and corneal neovascularization.

7. The method of claim 6, wherein the angiogenic eye disorder is age related macular

degeneration.

8. The method of claim 1, wherein the VEGF antagonist is an anti-VEGF antibody or
fragment thereof, an anti-VEGF receptor antibody or fragment thereof, or a VEGF receptor-based

chimeric molecule.
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9. The method of claim 8, wherein the VEGF antagonist is a VEGF receptor-based

chimeric molecule.

10. The method of claim 9, wherein the VEGF receptor-based chimeric molecule
comprises VEGFR1R2-FcAC1(a) encoded by the nucleic acid sequence of SEQ ID NO:1.

11.  The method of claim 9, wherein the VEGF receptor-based chimeric molecule
comprises (1) a VEGFR1 component comprising amino acids 27 to 129 of SEQ ID NO:2; (2) a
VEGFR2 component comprising amino acids 130-231 of SEQ ID NO:2; and (3) a multimerization
component comprising amino acids 232-457 of SEQ ID NO:2.

12. The method of claim 1, wherein all doses of the VEGF antagonist are administered to

the patient by topical administration or by intraocular administration.

13. The method of claim 12, wherein all doses of the VEGF antagonist are administered

to the patient by intraocular administration.

14. The method of claim 13, wherein the intraocular administration is intravitreal

administration.

15.  The method of claim 11, wherein all doses of the VEGF antagonist are administered

to the patient by topical administration or by intraocular administration.

16. The method of claim 15, wherein all doses of the VEGF antagonist are administered

to the patient by intraocular administration.

17. The method of claim 16, wherein the intraocular administration is intravitreal

administration.

18. The method of claim 17, wherein all doses of the VEGF antagonist comprise from

about 0.5 mg to about 2 mg of the VEGF antagonist.

19. The method of claim 18, wherein all doses of the VEGF antagonist comprise 0.5 mg
of the VEGF antagonist.

20. The method of claim 18, wherein all doses of the VEGF antagonist comprise 2 mg of
the VEGF antagonist.
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ABSTRACT

The present invention provides methods for treating angiogenic eye disorders by sequentially
administering multiple doses of a VEGF antagonist to a patient. The methods of the present
invention include the administration of multiple doses of a VEGF antagonist to a patient at a
frequency of once every 8 or more weeks. The methods of the present invention are useful for the
treatment of angiogenic eye disorders such as age related macular degeneration, diabetic
retinopathy, diabetic macular edema, central retinal vein occlusion, branch retinal vein occlusion,

and corneal neovascularization.
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SEQUENCE LISTING

<110> George D. Yancopoulos

<120> Use of a VEGF Antagonist to Treat Angiogenic Eye Disorders

<130> 725A1

<140> To be assigned

<141> Filed herewith

<150> PCT/US2012/020855

<151> 2012-01-11

<150> 61/432,245

<151> 2011-01-13

<150> 61/434,836

<151> 2011-01-21

<150> 61/561,957

<151> 2011-11-21

<160> 2

<170> FastSEQ for Windows Version 4.0

<210> 1

<211> 1377

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic

<400> 1

atggtcagct actgggacac cggggtcctg ctgtgcgcge tgctcagectg tctgcttctce 60

acaggatcta gttccggaag tgataccggt agacctttcg tagagatgta cagtgaaatc 120

cccgaaatta tacacatgac tgaaggaagg gagctcgtca ttccctgceccg ggttacgtca 180

cctaacatca ctgttacttt aaaaaagttt ccacttgaca ctttgatccc tgatggaaaa 240

cgcataatct gggacagtag aaagggcttc atcatatcaa atgcaacgta caaagaaata 300

gggcttctga cctgtgaagc aacagtcaat gggcatttgt ataagacaaa ctatctcaca 360

catcgacaaa ccaatacaat catagatgtg gttctgagtc cgtctcatgg aattgaacta 420

tctgttggag aaaagcttgt cttaaattgt acagcaagaa ctgaactaaa tgtggggatt 480

gacttcaact gggaataccc ttcttcgaag catcagcata agaaacttgt aaaccgagac 540

ctaaaaaccc agtctgggag tgagatgaag aaatttttga gcaccttaac tatagatggt 600

gtaacccgga gtgaccaagg attgtacacc tgtgcagcat ccagtgggct gatgaccaag 660

aagaacagca catttgtcag ggtccatgaa aaggacaaaa ctcacacatg cccaccgtgc 720

ccagcacctg aactcctggg gggaccgtca gtcttcecctcet tccccecccaaa acccaaggac 780

accctcatga tctcccggac ccctgaggtc acatgcgtgg tggtggacgt gagccacgaa 840

gaccctgagg tcaagttcaa ctggtacgtg gacggcgtgg aggtgcataa tgccaagaca 900

aagccgcggg aggagcagta caacagcacg taccgtgtgg tcagcegtcect caccgtcecctg 960

caccaggact ggctgaatgg caaggagtac aagtgcaagg tctccaacaa agccctccca 1020
1
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gcccccatcg
accctgcccce
aaaggcttct
aactacaaga
ctcaccgtgg
gaggctctgc

<210> 2
<211> 458
<212> PRT

agaaaaccat
catcccggga
atcccagcga
ccacgcctcc
acaagagcag
acaaccacta

ctccaaagcc
tgagctgacc
catcgccgtg
cgtgctggac
gtggcagcag
cacgcagaag

<213> Artificial Sequence

<220>
<223> Synth

<400> 2
Met Val
1
Cys

Ser

Leu Leu

Phe Val Glu

35

Gly Arg Glu
50

Val Thr

65

Arg

Leu

Ile Ile

Tyr Lys Glu

Leu Tyr Lys
115
vVal Vval
130

Leu

Asp
Lys Val
145
Asp

Phe Asn

Val Asn Arg
Thr
195

Cys

Leu Ser
Thr
210
Val

Tyr

Phe
225
Pro

Arg

Ala Pro

Lys Pro Lys

Val Val Vval
275
Val Asp

290

Tyr

etic

Tyr Trp

Leu Thr
20
Met Tyr

Leu Val

Lys Lys

Trp Asp
85

Ile Gly
100
Thr Asn

Leu Ser

Leu Asn

Asp
Gly
Ser
Ile
Phe
70

Ser
Leu
Tyr
Pro

Cys

Thr Gly

Ser Ser

Glu Ile
40
Pro Cys
55
Pro Leu

Arg Lys

Leu Thr

Thr
120
His

Leu

Ser
135

Thr Ala

150

Glu
165
Leu

Trp

Asp
180
Leu Thr

Ala Ala

Val His

Tyr
Lys
Ile
Ser

Glu

Pro Ser

Thr Gln

Asp Gly
200
Ser Gly
215

Lys Asp

230

Glu Leu
245
Asp Thr
260

Asp Val

Gly Val

Leu

Leu

Ser

Glu

Gly Gly

Met Ile

Glu
280
His

His

Val
295

aaagggcagc
aagaaccagg
gagtgggaga
tccgacggcet
gggaacgtct
agcctctccce

Val Leu Leu

10

Ser Gly Ser

25
Pro

Glu Ile

Arg Val Thr

Thr Leu
75
Ile

Asp

Phe
90
Glu

Gly
Cys Ala
105
His

Arg Gln

Gly Ile Glu

Thr Glu
155
His

Arg

Ser Lys

170
Gly

Ser Ser

185
vVal

Thr Arg

Leu Met Thr

Thr His
235
Val

Lys

Ser
250
Arg

Pro

Ser Thr

265

Asp Pro Glu

Asn Ala Lys

cccgagaacc
tcagcctgac
gcaatgggca
ccttcecttecect
tctcatgcectc
tgtctccggyg

Cys Ala Leu

Asp Thr Gly

30

Ile His Met

45

Ser Pro Asn

60

Ile Pro Asp

Ile Ser Asn

Thr Val Asn

110

Thr Asn Thr

125

Leu Ser Val

140

Leu Asn Val

Gln His Lys

Glu Met Lys

190

Ser Asp Gln

205
Lys Lys Asn
220
Thr

Cys Pro

Phe Leu Phe

Glu Val
270
Phe

Pro
vVal Lys
285
Thr Lys
300

Pro

acaggtgtac
ctgcctggtce
gccggagaac
ctacagcaag
cgtgatgcat
taaatga

Leu Ser
15
Arg Pro

Thr Glu

Ile Thr

Gly Lys
80
Ala Thr
95
Gly His

Ile Ile

Gly Glu

Ile
160
Leu

Gly

Lys
175
Lys Phe

Gly Leu

Ser Thr

Pro Cys
240
Pro Pro
255
Thr Cys

Asn Trp

Arg Glu

1080
1140
1200
1260
1320
1377
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Glu
305
His
Lys
Gln
Leu
Pro
385
Asn
Leu

vVal

Gln

Gln
Gln
Ala
Pro
Thr
370
Ser
Tyr
Tyr
Phe

Lys
450

Tyr
Asp
Leu
Arg
355
Lys
Asp
Lys
Ser
Ser

435
Ser

Asn
Trp
Pro
340
Glu
Asn
Ile
Thr
Lys
420
Cys

Leu

Ser
Leu
325
Ala
Pro
Gln
Ala
Thr
405
Leu

Ser

Ser

Thr
310
Asn
Pro
Gln
Val
Val
390
Pro
Thr

Val

Leu

Tyr
Gly
Ile
Val
Ser
375
Glu
Pro
Val

Met

Ser
455

Arg
Lys
Glu
Tyr
360
Leu
Trp
Val
Asp
His

440
Pro

Val
Glu
Lys
345
Thr
Thr
Glu
Leu
Lys
425
Glu

Gly

Val
Tyr
330
Thr
Leu
Cys
Ser
Asp
410
Ser

Ala

Lys

Ser
315
Lys
Ile
Pro
Leu
Asn
395
Ser

Arg

Leu

val
Cys
Ser
Pro
Val
380
Gly
Asp

Trp

His

Leu
Lys
Lys
Ser
365
Lys
Gln
Gly

Gln

Asn
445

Thr
Val
Ala
350
Arg
Gly
Pro
Ser
Gln

430
His

Val
Ser
335
Lys
Asp
Phe
Glu
Phe
415
Gly

Tyr

Leu
320
Asn
Gly
Glu
Tyr
Asn
400
Phe

Asn

Thr
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Docket No.: 725A1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Patent Application of: YANCOPOULOS Confirmation No.: To be assigned

Application No.: To be assigned Art Unit: To be assigned

Filed: July 12, 2013 Examiner: To be assigned

For: USE OF A VEGF ANTAGONIST TO TREAT Customer Number: 26693
ANGIOGENIC EYE DISORDERS

SEQUENCE LISTING STATEMENT UNDER 37 CFR § 1.821(f)

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

Dear Sir:

In accordance with 37 CFR § 1.821(f), Applicants' undersigned representative
hereby states that the sequence listing information recorded in computer readable form,
as submitted electronically herewith as a text file, is identical to the paper copy of the

sequence listing submitted herewith.

Dated: July 12, 2013 Respectfully submitted,

By [ Frank R. Cottingham /

Frank R. Cottingham
Reg. No. 50,437

Regeneron Pharmaceuticals, Inc.
777 Old Saw Mill River Road
Tarrytown, NY 10591

Direct Tel.: (914) 847-1116
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PTO/AIA/4 (03-13)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 725A1

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS

The application data sheet is part of the provisional or nonprovisicnal application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
[ ] 37CFR5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:
Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
George D. YANCOPOULOS

Residence Information {Select One) (¢ US Residency () Non US Residency () Active US Military Service

GCity | Yorktown Heights | State/Province ‘ NY ‘ Country of Residence i | US

Mailing Address of Inventor:

Address 1 1519 Baptist Church Road

Address 2

City Yorktown Heights ‘ State/Province | NY
Postal Code | 10598 ‘ Country i us

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[] An Address is being provided for the correspondence Information of this application.

Customer Number 96387

Email Address bozicevic@bozpat.com | | AddEmail |  |Remove Email

Application Information:

Title of the Invention USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS
Attorney Docket Number| 725A1 Small Entity Status Claimed [ ]

Application Type Nonprovisional
Subject Matter Utility

Total Number of Drawing Sheets {if any) 1 Suggested Figure for Publication {if any) | 1

EFS Webh 2.2.7
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PTO/AIA/4 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

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 informatien unless it contains a valid OMB control number.

Attorney Docket Number | 725A1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. |hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an applicaticn filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application {see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: (e} Customer Number ‘ () US Patent Practitioner | (O Limited Recognition {37 CFR 11.9)
Customer Number 96387

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 118(e), 120, 121, or 365(c) or indicate
National Stage entry from a PCT application. Providing this information in the application data sheet constitutes the
specific reference required by 35 U.S.C. 118(e) or 120, and 37 CFR 1.78.

Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}
Continuation in part of PCT/US2012/020855 2012-01-11
Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}
PCT/US2012/020855 non provisional of 61432245 2011-01-13
Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}
PCT/US2012/020855 non provisional of 61434836 2011-01-21
Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}
PCT/US2012/020855 non provisional of 61561957 2011-11-21

Additional Domestic Benefit/Naticnal Stage Data may be generated within this form

by selecting the Add button. Add

Foreign Priority Information:

EFS Web 22.7
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Approved for use through 01/31/2014. OMB 0651-0032

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 informatien unless it contains a valid OMB control number.

Attorney Docket Number | 725A1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(h) and 37 CFR 1.55(d). When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX) the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(h}{1) and {(2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g}1).

[ Remove |
Application Number Country | Filing Date (YYYY-MM-DD) Access Code (if applicable)
Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This applicaticn (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16,2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

18, 2013, will be examined under the first inventor to file provisions of the AlA.

Authorization to Permit Access:

Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPQ),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14{h)(3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14{c), access may be provided to information concerning the date of filing this Authorization.

EFS Web 22.7
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of informatien unless it contains a valid OMB control number.

Attorney Docket Number | 725A1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

(&) Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here.

Organization Name | prapNERON PHARMAGEUTICALS, INC.

Mailing Address Information:

Address 1 777 Cld Saw Mill River Road
Address 2
City Tarrytown State/Province NY
Country i| US Postal Code 10591
Phone Number 914-847-1116 Fax Number 914-847-7705
Email Address patents@regeneron.com
Additional Applicant Data may be generated within this form by selecting the Add button. Add

Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

EFS Web 22.7
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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 informatien unless it contains a valid OMB control number.

Attorney Docket Number | 725A1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS

Assignee 1

Complete this section only if non-applicant assignee information is desired to be included on the patent application publication in
accordance with 37 CFR 1.215(b). Do not include in this section an applicant under 37 CFR 1.46 (assignee, person to whom the
inventor is obligated to assign, or person who otherwise shows sufficient proprietary interest), as the patent application publication will
include the name of the applicant(s).

Remove

If the Assignee is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information:

Address 1

Address 2

City State/Province
Country | Postal Code
Phone Number Fax Number

Email Address

Additional Assighee Data may be generated within this form by selecting the Add button.

Signature:

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

Signature |/ Frank R. Cottingham / Date (YYYY-MM-DD)| 2013-07-12
First Name | FRANK Last Name | COTTINGHAM Registration Number | 50437
Additional Signature may be generated within this form by selecting the Add button. Add

This collection of information is required by 37 CFR 1.76. 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 35U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TC THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFS Web 22.7
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.5. 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/cr 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.5.C. 852a). Records from this system of records may be disclosed to the Department of Justice to determine

whether the Freedom of Information Act requires disclosure of these records.

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in

order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.85.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 ancther federal agency for purposes of National Security
review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

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 U.8.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant]
to 35 U.5.C. 122(b) or issuance of a patent pursuant to 35 U.5.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 inspections 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.

EFS Webh 2.2.7
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Sequence Listing was accepted.

See attached Validation Report.

If you need help call the Patent Electronic Business Center at (866)
217-9197 (toll free).

Reviewer: Sheppard, Paula

Timestamp: [year=2013; month=7; day=22; hr=11; min=56; sec=37; ms=155; ]
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Validated By CRFValidator v 1.0.4

Application No: 13940370 Version No: 1.0

Input Set:

Output Set:

Started: 2013-07-12 11:20:40.659
Finished: 2013-07-12 11:20:40.969

Elapsed: 0 hr(s) 0 min(s) 0 sec(s) 310 ms
Total Warnings: 2
Total Errors: 1
No. of SeqIDs Defined: 2
Actual SeqID Count: 2
Error code Error Description
E 287 Invalid WIPO ST.2 date format; Use (YYYY-MM-DD) in <141>
W 213 Artificial or Unknown found in <213> in SEQ ID (1)
w213 Artificial or Unknown found in <213> in SEQ ID (2)
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SEQUENCE LISTING

<110> George D. Yancopoulos

<120> Use of a VEGF Antagonist to Treat Angiogenic Eye Disorders

<130> 725Al1

<140> Us 13/940,370
<141> 2013-07-12

<150> PCT/US2012/020855

<151> 2012-01-11

<150> 61/432, 245
<151> 2011-01-13

<150> 61/434,836
<151> 2011-01-21

<150> 61/561, 957
<151> 2011-11-21

<160> 2

<170> FastSEQ for Windows Vergion 4.0

<210> 1
<211> 1377
<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic

<400> 1

atggtcagcet
acaggatcta
cccgaaatta
cctaacatca
cgcataatct
gggcttctga
catcgacaaa
tctgttggag
gacttcaact
ctaaaaaccc
gtaacccgga
aagaacagca
ccagcacctyg
accctcatga
gaccctgagg
aagccgeggyg
caccaggact
gccecccatcecg
accctgcceccc

aaaggcttct

actgggacac
gttccggaag
tacacatgac
ctgttacttt
gggacagtag
cctgtgaage
ccaatacaat
aaaagcttgt
gggaataccc
agtctgggag
gtgaccaagg
catttgtcag
aactcctggyg
tctecececggac
tcaagttcaa
aggagcagta
ggctgaatgg
agaaaaccat
catcccggga

atcccagcga

cggggtectg
tgataccggt
tgaaggaagg
aaaaaagttt
aaagggcttc
aacagtcaat
catagatgtg
cttaaattgt
ttcttcgaag
tgagatgaag
attgtacacc
ggtccatgaa
gggaccgtca
ccctgaggtc
ctggtacgtg
caacagcacg
caaggagtac
ctccaaagcce
tgagctgacc
catcgecegtg

ctgtgcgecge
agacctttecg
gagctcgtca
ccacttgaca
atcatatcaa
gggcatttgt
gttctgagtc
acagcaagaa
catcagcata
aaatttttga
tgtgcagecat
aaggacaaaa
gtcttcctcet
acatgcgtgg
gacggcgtygyg
taccgtgtgg
aagtgcaagg
aaagggcage
aagaaccagg

gagtgggaga

tgctcagetg
tagagatgta
ttccectgecg
ctttgatccce
atgcaacgta
ataagacaaa
cgtctcatgg
ctgaactaaa
agaaacttgt
gcaccttaac
ccagtgggct
ctcacacatg
tccecceccaaa
tggtggacgt
aggtgcataa
tcagcgtcct
tctccaacaa
cccgagaacc
tcagcctgac

gcaatgggca

tectgecttete
cagtgaaatc
ggttacgtca
tgatggaaaa
caaagaaata
ctatctcaca
aattgaacta
tgtggggatt
aaaccgagac
tatagatggt
gatgaccaag
cccaccgtge
acccaaggac
gagccacgaa
tgccaagaca
caccgtcctg
agccctceccceca
acaggtgtac
ctgcctggtc

gccggagaac

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200

0050



aactacaaga ccacgcecctcece cgbgectggac tceccgacgget ccttettcecct ctacagecaag 1260

ctcaccgtgg acaagagcag gtggcagcag gggaacgtcect tcectcatgete cgtgatgecat 1320

gaggctctge acaaccacta cacgcagaag agcctctceccece tgtcecteccecggg taaatga

<210> 2

<211>
<212>
<213>

<220>

<223>

<400> 2

Met

1

Cys

Phe

Gly

val

65

Arg

Tyr

Leu

Asp

Lys

145

Asp

val

Leu

Tyr

Phe

225

Pro

Lys

val

Tyr

Glu

305

His

Lys

val

Leu

val

Arg

50

Thr

Ile

Lys

Tyr

Val

130

Leu

Phe

Asn

Ser

Thr

210

val

Ala

Pro

val

Val

290

Gln

Gln

Ala

458
PRT

Ser

Leu

Glu

35

Glu

Leu

Ile

Glu

Lys

115

Val

val

Asn

Arg

Thr

195

Arg

Pro

Asp

Leu

Synthetic

Tyr
Leu
20

Met

Leu

Trp
Ile
100
Thr

Leu

Leu

Ala

val

Glu

Asp

260

Asp

Gly

Asn

Trp

Pro
340

Trp

Thr

Tyr

Val

Lys

Asp

85

Gly

Asn

Asn

Ala

His

Leu

245

Thr

vVal

Val

Ser

Leu

325
Ala

Asp

Gly

Ser

Ile

Phe

=
7

Ser

Leu

Tyr

Pro

Cys

150
Tyr

Glu
230
Leu

Leu

Ser

Pro

Artificial Sequence

Thr

Ser

Glu

Pro

55

Pro

Arg

Leu

Leu

Ser

135

Thr

Pro

Lys

Gly

Met

His

vVal

295

Tyxr

Gly

Ile

Gly

Ser

Ile

40

Cys

Leu

Lys

Thr

Thr

120

His

Ala

Gln

Gly

200

Gly

Asp

Gly

Ile

Glu

280

His

Arg

Lys

Glu

Cys
105

His

Gly

Ser
185
val

Leu

Lys

val

Glu

Lys
345

Leu
10

Gly
Glu
vVal
Thr
Phe
90

Glu
Arg
Ile
Thr
Lys
170
Gly
Thr
Met
Thr
Ser
250
Arg
Pro
Ala
Val
Tyr

330
Thr

Leu

Ile

Thr

Leu

75

Ile

Ala

Gln

Glu

Glu

155

His

Arg

Thr

His

235

Val

Thr

Glu

Ser
315
Lys

Ile

Cys

Asp

Ile

Ser

60

Ile

Ile

Thr

Lys

220

Thr

Phe

Pro

val

Thr

300

val

Cys

Ser

Ala

Thr

His

45

Pro

Pro

Ser

Val

Asn

125

Ser

Met

Leu

Glu

Leu

Lys

Lys

Leu

Gly

30

Met

Asn

Asp

Asn

Asn

110

Thr

Vval

val

Lvs

Lys

190

Gln

Asn

Pro

Phe

Val

270

Phe

Pro

Thr

val

Ala
350

Leu

15

Arg

Thr

Ile

Gly

Ala

95

Gly

Ile

Gly

Gly

Lys

175

Gly

Ser

Pro

Pro

255

Thr

Asn

Arg

Val

Ser

335
Lys

Ser

Pro

Glu

Thr

Lys

80

Thr

His

Ile

Glu

Ile

160

Leu

Phe

Leu

Thr

Cys

240

Pro

Cys

Trp

Glu

Leu

320

Asn

Gly
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Gln

Leu

Pro

385

Asn

Leu

Val

Gln

Pro

Thr

370

Ser

Tyr

Tyr

Phe

Lys
450

Arg
355
Lys

Asp

Ser

Ser
435

Ser

Glu

Ile
Thr
Lys
420

Cys

Leu

Pro

Gln

Ala

Thr

405

Leu

Ser

Gln

val

Val

390

Pro

Thr

Val

Leu

Val

Ser

375

Glu

Pro

val

Met

Ser

455

val

Asp

His

440

Pro

Thr

Thr

Glu

Lys
425
Glu

Gly

Leu

Cys

Ser

Asp

410

Ser

Ala

Lys

Pro

Leu

Asn

395

Ser

Arg

Leu

Pro

val

380

Gly

Asp

Trp

His

Gln

Gly

Gln

Asn
445

Arg

Gly

Pro

Ser

Gln

430

His

Glu
Phe
415

Gly

Tyr

Glu

Tyr

Asn

400
Phe
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
13/940,370  07/12/2013 1629 1740 REGN-008CIP (725A1-US) 20
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Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

George D. YANCOPOULOQOS, Yorktown Heights, NY;
Applicant(s)

REGENERON PHARMACEUTICASS, INC., Tarrytown, NY

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CIP of PCT/US2012/020855 01/11/2012
which claims benefit of 61/432,245 01/13/2011
and claims benefit of 61/434,836 01/21/2011
and claims benefit of 61/561,957 11/21/2011

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 07/29/2013

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/940,370

Projected Publication Date: 11/07/2013

Non-Publication Request: No
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Early Publication Request: No
Title

USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS
Preliminary Class

514
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 0or5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

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 U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 13/940,370
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Golumn 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE(S) FEE($)
BASIC FEE
o) N/A N/A N/A N/A 280
SEARCH FEE
o) N/A N/A N/A N/A 600
EXAMINATION FEE
A A N/A N/A N/A N/A 720
TOTAL CLAIMS . .
(37 CFR 1.16(i)) 20 minus 20= OR |« 80 - 0.00
INDEPENDENT CLAIMS ) .
(37 CFR 1.16(h) 1 minus 3 = x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART II
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE(S)
E AMENDMENT PAID FOR
w Total g " ~ -
= (37 CFCF)E ?.15(1)) Minus = OR |«x =
a Independent * Minus | ** =
E (37 CFR 1.16(h)) = OR |«x =
<§( Application Size Fee (37 GFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Golumn 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total * Minus ** = =
= (37 OFg ?.Ie(r)) OR |x -
% Independent * Minus | *** = = OR |« =
w (37 CFR 1.16(h)) B B
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(}))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

| APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT

ATTY. DOCKET NO./TITLE |
13/940,370 07/12/2013 George D. YANCOPOULOS REGN-008CIP (725A1-US)

CONFIRMATION NO. 1055

96387 NOTICE
Regeneron

Bosicevio, Fild & Francis O
1900 University Ave

Suite 200

East Palo Alto, CA 94303

Date Mailed: 08/02/2013

INFORMATIONAL NOTICE TO APPLICANT

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f).

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

+ A properly executed inventor's oath or declaration has not been received for the following inventor(s):
George D. YANCOPOULOS

Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and Fee(s)
Due, PTOL-85, is mailed.
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Doc code: IDS

Doc description: Information Disclosure Statement (IDS) Filed

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

PTO/SB/08a (01-10)
Approved for use through 07/31/2012. OMB 0651-0031

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

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

13940370

Filing Date

2013-07-12

First Named Inventor ‘ YANCOPOULOS, GEORGE D.

Art Unit

Examiner Name ‘

Attorney Docket Number

| REGN-008CIP

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns,Lines where
1k Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document .
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S_.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publicaticn Name of Patentee or Applicant Pages,Columns,Lines where
ok Cite No . Relevant Passages or Relevant
Initial Number Code?| Date of cited Document )
Figures Appear
1 20050163798 2005-07-28 Papadopoulos et al.
2 20050260203 2005-11-24 Wiegand et al.
3 20060058234 2006-03-16 Daly et al.
4 20060172944 2006-08-03 Wiegand et al.
5 20070190058 2007-08-16 Shams
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Application Number 13940370

Filing Date 2013-07-12
INFORMATION DISCLOSURE First Named Inventor ‘ YANCOPOULOS, GEORGE D.
STATEMENT BY APPLICANT Art Unit |

( Not for submission under 37 CFR 1.99)

Examiner Name ‘

Attorney Docket Number |REGN-008CIP

20030171320 2003-08-11 Guyer

If you wish to add additional U.S. Published Application citation information please click the Add button. Add

FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or Pages,Columns,Lines

Examiner| Cite | Foreign Document Country Kind | Publication Apblicant of cited where Relevant Ts
Initial* No | Number3 Code? j Code4| Date pp Passages or Relevant
Document .
Figures Appear
Regeneron
1 00775319 wo 2000-12-14 Pharmaceuticals, Inc. [l
If you wish to add additional Foreign Patent Document citation information please click the Add button ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate}, title of the item
Examiner| Cite . . . )
o (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
Initials No . - .
publisher, city and/or country where published.
1 ANONYMOUS "Lucentis (rangibizymab injection) Intravitreal Injection" pp. 103 (June 2006) |:|
DO et al., "An exploratory study of the safety, tolerability and bioactivity of a single intravitreal injection of vascular
2 endothelial growth factor Trap-Eye in patients with diabetic macular oedema" Br J Opthamol. 93(2):144-1449 |:|
{February 2009)
3 DO et al., "The DA VINCI Study: phase 2 primary results of VEGF Trap-Eye in patients with diabetic macular edema” |:|
Opthamology 118(9):1819-1826 (September 2011)
THE EYETECH STUDY GROUP, "Anti-Vascular Endothelial Growth Factor Therapy for Subfoveal Choroidal
4 Neovascularization Secondary to Age-related Macular Degeneration" American Academy of Ophthamology, 110 |:|
{5):978-986 (May 2003)
5 HEIERet al., " rhuFab V2 (anti-VEGF Antibody) for Treatment of Exudative AMD" Symposium 8:Experimental and |:|

Emerging Treatments for Choroidal Neovascularization, 10 pp (2002)
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Application Number 13940370

Filing Date 2013-07-12
INFORMATION DISCLOSURE First Named Inventor ‘ YANCOPOULOS, GEORGE D.
STATEMENT BY APPLICANT Art Unit |

( Not for submission under 37 CFR 1.99)

Examiner Name ‘

Attorney Docket Number |REGN-008CIP

6 HEIER et al., "RhuFab V2 in Wet AMD - 6 Month Continued Improvement Following Multiple Intravitreal Injections” N
Invest Ophthalmol Vis Sci, 44:E-Abstract 972 (2003)

7 KRZYSTOLIK et al., "Prevention of Experimental Choroidal NEovascularization With Intravitreal Anti-Vascular |:|
Endothelial Growth Factor Antibody Fragment" Arch Ophthamol., 120:338-346 {(Mar. 2002)
NGUYEN et al., "A Phase | Study of Intravitreal Vascular Endothelial Growth Factor Trap-Eye in Patients with

8 Neovascular Age-Related Macular Degeneration" Opthamology, J.B. Lippincott Co., Philadelphia, PA, US, |:|
116(11).2141-2148 (November 1, 2009)

9 NICHOLS, EARL R., "AAQ: Ranibizumab (rhuRab) May Improve Vision in Age-Related Macular Degeneration” N
Doctor's Guide Global Edition, www pslgroup.com/dg/23f2aa.htm, pp. 1-2 (November 24, 20013)

10 PAl et al., "Current concepts in intravitreal drug therapy for diabetic retinopathy" Saudi Journal of Opthamology |:|
24(4).143-149 (June 30, 2010)

11 STEWART, "THe expanding role of vascular endothelial growth factor inhibitors in opthamology” Mayo Clin Proc. 87 |:|
{1):77-88 (January 2012)

12 THOMAS REUTERS INTEGRITY "VEGF Trap-Eye final phase Il results in age-related macular degeneration |:|
presented at 2008 Retina Society Meeting" (September 28, 2008)

If you wish to add additional non-patent literature document citation information please click the Add button ~ Add

EXAMINER SIGNATURE

Examiner Signature Date Considered

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

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if

English language franslation is attached.
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Application Number 13940370

Filing Date 2013-07-12
INFORMATION DISCLOSURE First Named Inventor ‘ YANCOPOULOS, GEORGE D.
STATEMENT BY APPLICANT Art Unit |

( Not for submission under 37 CFR 1.99)

Examiner Name ‘
Attorney Docket Number |REGN-008CIP

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
[[] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

[] A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Karl Bozicevic, Reg. No. 28,807/ Date (YYYY-MM-DD) 2013-10-18

Name/Print Karl Bozicevic Registration Number 28807

This collection of information is required by 37 CFR 1.97 and 1.98. The informaticn is required to abtain 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 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.8.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 andfor 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.8.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 the Freedom of Information Act requires disclosure of these record s.

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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0 00/75319 Al

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
14 December 2000 (14.12.2000)

PCT

A O 0O O 0

(10) International Publication Number

WO 00/75319 Al

(51) International Patent Classification”: CI2N 15/12,
15/62, 5/10, CO7K 14/71, A61K 38/17, A61P 43/00

(21) International Application Number: PCT/US00/14142
(22) International Filing Date: 23 May 2000 (23.05.2000)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

60/138,133 8 June 1999 (08.06.1999) US

(71) Applicant (for all designated States except US): REGEN-
ERON PHARMACEUTICALS, INC. [US/US]; 777 Old
Saw Mill River Road, Tarrytown, NY 10591-6707 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): PAPADOPOULOS,
Nicholas, J. [US/US]; 2 Hillier Court, Butler, NJ 07405
(US). DAVIS, Samuel {US/US]; 332 W. 88th Street #B2,
New York, NY 10024 (US). YANCOPOULOS, George,
D. [US/US]; 1519 Baptist Church Road, Yorktown Heights,
NY 10598 (US).

(74) Agents: PALLADINO, Linda, O.; Regeneron Pharma-
ceuticals, Inc., 777 Old Saw Mill River Road, Tarrytown,
NY 10591 et al. (US).

(81) Designated States (national): AE, AL, AM, AT, AU, AZ,
BA, BB, BG, BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE,
ES, F1, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP,
KE. KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD,
MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD,
SE, SG, SI, SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ,
VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG,
CL CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:

—  With international search report.

—  Before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments.

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Titte: MODIFIED CHIMERIC POLYPEPTIDES WITH IMPROVED PHARMACOKINETIC PROPERTIES

(57) Abstract: Modified chimeric polypeptides with improved pharmacokinetics are disclosed. Specifically, modified chimeric
Flt1 receptor polypeptides that have been modified in such a way as to improve their pharmacokinetic profile are disclosed. Also
disclosed are methods of making and using the modified polypeptides including but not limited to using the modified polypeptides
to decrease or inhibit plasma leakage and/or vascular permeability in a mammal.
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WO 00/75319 PCT/US00/14142
MODIFIED CHIMERIC POLYPEPTIDES WITH IMPROVED
PHARMACOKINETIC PROPERTIES

The application claims priority of U.S. Provisional Application No.
60/138,133, filed on June 8, 1999. Throughout this application various
publications are referenced. The disclosures of these publications in

their entireties are hereby incorporated by reference into this

application.

INTRODUCTION

The field of this invention is modified polypeptides with improved
pharmacokinetics. Specifically, the field of this invention relates to
Fit1 receptor polypeptides that have been modified in such a way as to
improve their pharmacokinetic profile. The field of this invention also
relates to methods of making and using the modified polypeptides
including but not limited to using the modified polypeptides to decrease

or inhibit plasma leakage and/or vascular permeability in a mammal.

BACKGROUND

The ability of polypeptide ligands to bind to cells and thereby elicit a
phenotypic response such as cell growth, survival, cell product
secretion, or differentiation is often mediated through transmembrane
receptors on the cells. The extracellular domain of such receptors (i.e.
that portion of the receptor that is displayed on the surface of the cell)
is generally the most distinctive portion of the molecule, as it provides

the protein with its ligand binding characteristic. Binding of a ligand

0064



10

15

20

25

WO 00/75319 PCT/US00/14142

to the extracellular domain generally results in signal transduction
which transmits a biological signal to intracellular targets. Often, this
signal transduction acts via a catalytic intracellular domain. The
particular array of sequence motifs of this catalytic intracellular
domain determines its access to potential kinase substrates
(Mohammadi, et al.,1990, Mol. Cell. Biol. 11:5068-5078; Fantl, et al.,
1992, Cell 69:413-413). Examples of receptors that transduce signals
via catalytic intracellular domains include the receptor tyrosine
kinases (RTKs) such as the Trk family of receptors which are generally
limited to cells of the nervous system, the cytokine family of receptors
including the tripartate CNTF receptor complex (Stahl & Yancopoulos,
1994, J. Neurobio. 25:1454-1466) which is also generally limited to the
cells of the nervous system, G-protein coupled receptors such as the

B,-adrenergic receptor found on, for instance, cardiac muscle cells, and

the multimeric IgE high affinity receptor FceRl which is localized, for

the most part, on mast cells and basophils (Sutton & Gould, 1993,
Nature 366:421-428).

All receptors identified so far appear to undergo dimerization,
multimerization, or some related conformational change following
ligand binding (Schlessinger, J., 1988, Trend Biochem. Sci. 13:443-447,
Ullrich & Schlessinger, 1990, Cell 61:203-212; Schlessinger & Ullrich,
1992, Neuron 9:383-391) and molecular interactions between
dimerizing intracellular domains lead to activation of catalytic
function. In some instances, such as platelet-derived growth factor

(PDGF), the ligand is a dimer that binds two receptor molecules (Hart,
et al., 1988, Science, 240:1529-1531; Heldin, 1989, J. Biol. Chem.

264:8905-8912) while, for example, in the case of epidermal growth
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factor (EGF), the ligand is a monomer (Weber, et al.,, 1984, J. Biol. Chem.
259:14631-14636). In the case of the FceRI receptor, the ligand, IgE,

exists bound to FceRIl in a monomeric fashion and only becomes
activated when antigen binds to the IgE/FceRI complex and cross-links

adjacent IgE molecules (Sutton & Gould, 1993, Nature 366:421-428).

Often, the tissue distribution of a particular receptor within higher
organisms provides insight into the biological function of the receptor.
The RTKs for some growth and differentiation factors, such as
fibroblast growth factor (FGF), are widely expressed and therefore
appear to play some general role in tissue growth and maintenance.
Members of the Trk RTK family (Glass & Yancopoulos, 1993, Trends in
Cell Biol. 3:262-268) of receptors are more generally limited to cells
of the nervous system, and the Nerve Growth Factor family consisting
of nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF),
neurotrophin-3 (NT-3) and neurotrophin-4/5 (NT-4/5), which bind the
Trk RTK family receptors, promote the differentiation of diverse groups
of neurons in the brain and periphery (Lindsay, R. M, 1993, in
Neurotrophic Factors, S.E. Loughlin & J.H. Fallon, eds., pp. 257-284, San
Di-ego, CA, Academic Press). FceRl is localized to a very limited number
of types of cells such as mast cells and basophils. Mast cells derive
from bone marrow pluripotent hematopoietic stem cell lineage, but
complete their maturation in the tissue following migration from the
blood stream (See Janeway & Travers, 1996, in Immunobiology, 2d.
Edition, M. Robertson & E. Lawrence, eds., pp. 1:3-1:4, Current Biology

Ltd., London, UK, Publisher) and are invoived in the allergic response.
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Many studies have demonstrated that the extracellular domain of a
receptor provides the specific ligand binding characteristic.
Furthermore, the cellular environment in which a receptor is expressed
may influence the biological response exhibited upon binding of a ligand
to the receptor. For example, when a neuronal cell expressing a Trk
receptor is exposed to a neurotrophin which binds to that receptor,
neuronal survival and differentiation results. When the same receptor
is expressed by a fibroblast, exposure to the neurotrophin results in

proliferation of the fibroblast (Glass, et al., 1991, Cell 66:405-413).

A class of cell-derived dimeric mitogens with selectivity for vascular
endothelial cells has been identified and designated vascular
endothelial cell growth factor (VEGF). VEGF has been purified from
conditioned growth media of rat glioma cells [Conn et al., (1990), Proc.
Natl. Acad. Sci. U.S.A., 87. pp 2628-2632]; and conditioned growth media
of bovine pituitary follicle stellate cells [Ferrara and Henzel, (1989),
Biochem. Biophys. Res. Comm., 161, pp. 851-858; Gozpadorowicz et al.,
(1989), Proc. Natl. Acad. Sci. U.S.A., 86, pp. 7311-7315] and conditioned
growth medium from human U937 cells [Connolly, D. T. et al. (1989),
Science, 246, pp. 1309-1312]. VEGF is a dimer with an apparent
molecular mass of about 46 kDa with each subunit having an apparent
molecular mass of about 23 kDa. VEGF has some structural similarities
to platelet derived growth factor (PDGF), which is a mitogen for
connective tissue cells but not mitogenic for vascular endothelial cells

from large vessels.

The membrane-bound tyrosine kinase receptor, known as FIt, was shown
to be a VEGF receptor [DeVries, C. et al., (1992), Science, 255, pp.989-
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991]. The FIt receptor specifically binds VEGF which induces
mitogenesis. Another form of the VEGF receptor, designated KDR, is
also known to bind VEGF and induce mitogenesis. The partial cDNA
sequence and nearly full length protein sequence of KDR is known as
well [Terman, B. I. et al., (1991) Oncogene 6, pp. 1677-1683; Terman, B.
I. et al., (1992) Biochem. Biophys. Res. Comm. 187, pp. 1579-1586].

Persistent angiogenesis may cause or exacerbate certain diseases such
as psoriasis, rheumatoid arthritis, hemangiomas, angiofibromas,
diabetic retinopathy and neovascular glaucoma. An inhibitor of VEGF
activity would be useful as a treatment for sﬁch diseases and other
VEGF-induced pathological angiogenesis and vascular permeability
conditions, such as tumor vascularization. The present invention
relates to a VEGF inhibitor that is based on the VEGF receptor Fli1.

Plasma leakage, a key component of inflammation, occurs in a distinct
subset of microvessels. In particular, in most organs plasma leakage
occurs specifically in the venules. Unlike arterioles and capillaries,
venules become leaky in response to numerous inflammatory mediators
including histamine, bradykinin, and serotonin. One characteristic of
inflammation is the plasma leakage that results from intercellular
gaps that form in the endothelium of venules. Most experimental
models of inflammation indicate that these intercellular gaps occur
between the endothelial cells of postcapillary and collecting venules
(Baluk, P., et al., Am. J. Pathol. 1998 152:1463-76). It has been shown
that certain lectins may be used to reveal features of focal sites of
plasma leakage, endothelial gaps, and finger-like processes at

endothelial cell borders in inflamed venules (Thurston, G., et al.,, Am. J.
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Physiol, 1996, 271: H2547-62). In particular, plant lectins have been
used to visualize morphological changes at endothelial cell borders in
inflamed venules of, for example, the rat trachea. Lectins, such as
conconavalin A and ricin, that bind focally to inflamed venules reveal
regions of the subendothelial vessel wall exposed by gaps that
correspond to sites of plasma leakage (Thurston, G., et al., Am J

Physiol, 1996, 271: H2547-62).

The properties of the microvessels are dynamic. Chronic inflammatory
diseases, for example, are associated with microvascular remodeling,
including angiogenesis and microvessel enlargement. Microvessels can
also remodel by acquiring abnormal phenotypic properties. In a murine
model of chronic airway inflammation, airway capillaries acquire
properties of venules, including widened vessel diameter, increased
immunoreactivity for von Willebrand factor, and increased
immunoreactivity for P-selectin. In addition, these remodeled vessels
leak in response to inflammatory mediators, whereas vessels in the

same position in the airways of normal mice do not.

Certain substances have been shown to decrease or inhibit vascular
permeability and/or plasma leakage. For example, mystixins are
synthetic polypeptides that have been reported to inhibit plasma
leakage without blocking endothelial gap formation (Baluk, P., et al., J.
Pharmaco!. Exp. Ther., 1998, 284: 693-9). Also, the beta 2-adrenergic
receptor agonist formoterol reduces microvascular leakage by

inhibiting endothelial gap formation (Baluk, P. and McDonald, D.M., Am. J.
Physiol., 1994, 266:L461-8).
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The angiopoietins and members of the vascular endothelial growth
factor (VEGF) family are the only growth factors thought to be largely
specific for vascular endothelial cells. Targeted gene inactivation
studies in mice have shown that VEGF is necessary for the early stages
of vascular development and that Ang-1 is required for later stages of

vascular remodeling.

US Patent No. 6,011,003, issued January 4, 2000, in the name of Metris
Therapeutics Limited, discloses an altered, soluble form of FLT
polypeptide being capable of binding to VEGF and thereby exerting an
inhibitory effect thereon, the polypeptide comprising five or fewer

complete immunoglobulin domains.

US Patent No. 5,712,380, issued January 27, 1998 and assigned to Merck
& Co., discloses vascular endothelial cell growth factor (VEGF)
inhibitors that are naturally occurring or recombinantly engineered
soluble forms with or without a C-terminal transmembrane region of
the receptor for VEGF.

Also assigned to Merck & Co. is PCT Publication No. WO 98/13071,
published April 2, 1998, which discloses gene therapy methodology for
inhibition of primary tumor growth and metastasis by gene transfer of

a nucleotide sequence encoding a soluble receptor protein which binds
to VEGF.

PCT Publication No. WO 97/44453, published November 27, 1997, in the

name of Genentech, Inc., discloses novel chimeric VEGF receptor

proteins comprising amino acid sequences derived from the vascular
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endothelial growth factor (VEGF) receptors Flt1 and KDR, including the
murine homologue to the human KDR receptor FLK1, wherein said
chimeric VEGF receptor proteins bind to VEGF and antagonize the

endothelial cell proliferative and angiogenic activity thereof.

PCT Publication No. WO 97/13787, published April 17, 1997, in the
name of Toa Gosei Co., LTD., discloses a low molecular weight VEGF
inhibitor usable in the treatment of diseases accompanied by
neovascularization such as solid tumors. A polypeptide containing the
first immunoglobulin-like domain and the second immunoglobulin-like
domain in the extracellular region of a VEGF receptor FLT but not
containing the sixth immunoglobulin-like domain and the seventh

immunoglobulin-like domain thereof shows a VEGF inhibitory activity.

Sharifi, J. et al., 1998, The Quarterly Jour. of Nucl. Med. 42:242-249,
disclose that because monoclonal antibodies (MAbs) are basic,
positively charged proteins, and mammalian cells are negatively
charged, the electrostatic interactions between the two can create
higher levels of background binding resulting in low tumor to normal
organ ratios. To overcome this effect, the investigators attempted to

improve MADb clearance by using various methods such as secondary

agents as well as chemical and charge modifications of the MAb itself.

Jensen-Pippo, et al., 1996, Pharmaceutical Research 13:102-107,
disclose that pegylation of a therapeutic protein, recombinant human
granulocyte colony stimulating factor (PEG-G-CSF), results in an
increase in stability and in retention of in vivo bioactivity when

administered by the intraduodenal route.

0071



10

15

20

25

WO 00/75319 PCT/US00/14142

Tsutsumi, et al., 1997, Thromb Haemost. 77:168-73, disclose
experiments wherein the in vivo thrombopoietic activity of
polyethylene glycol-modified interleukin-6 (MPEG-IL-6), in which 54%
of the 14 lysine amino groups of IL-6 were coupled with PEG, was

compared to that of native IL-6.

Yang, et al.,, 1995, Cancer 76:687-94, disclose that conjugation of
polyethylene glycol to recombinant human interleukin-2 (IL-2) results
in a compound, polyethylene glycol-modified IL-2 (PEG-IL-2) that
retains the in vitro and in vivo activity of IL-2, but exhibits a markedly

prolonged circulating half-life.

R. Duncan and F. Spreafico, Clin. Pharmacokinet. 27: 290-306, 296
(1994) review efforts to improve the plasma half-life of asparaginase

by conjugating polyethylene glycol.

PCT International Publication No. WO 99/03996 published January 28,
1999 in the name of Regeneron Pharmaceuticals, Inc. and The Regents of
The University of California describes modified human noggin
polypeptides having deletions of regions of basic amino acids. The
modified human noggin polypeptides are described as retaining
biological activity while having reduced affinity for heparin and
superior pharmacokinetics in animal sera as compared to the

unmodified human noggin.
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SUMMARY OF THE INVENTION

The present invention is directed to VEGF antagonists with improved
pharmacokinetic properties. A preferred embodiment is an isolated
nucleic acid molecule encoding a fusion polypeptide capable of binding a
VEGF polypeptide comprising (a) a nucleotide sequence encoding a VEGF
receptor component operatively linked to (b) a nucleotide sequence
encoding a muitimerizing component, wherein the VEGF receptor
component is the only VEGF receptor component of the fusion
polypeptide and wherein the nucleotide sequence of (a) consists
essentially of a nucleotide sequence encoding the amino acid sequence
of Ig domain 2 of the extracellular domain of a first VEGF receptor and
a nucleotide sequence encoding the amino acid sequence of |g domain 3

of the extracellular domain of a second VEGF receptor.

In a further embodiment, the isolated nucleic acid of the first VEGF

receptor is Flt1.

In a further embodiment, the isolated nudleic acid of the second VEGF

receptor is FIk1.

In yet another embodiment, the isolated nucleic acid of the second VEGF

receptor is Flt4.
In another preferred embodiment, the nucleotide sequence encoding Ig
domain 2 of the extracellular domain of the first VEGF receptor is

upstream of the nucleotide sequence encoding |g domain 3 of the

extracellular domain of the second VEGF receptor.

10
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In still another preferred embodiment, the nucleotide sequence
encoding Ig domain 2 of the extracellular domain of the first VEGF
receptor is downstream of the nucleotide sequence encoding Ig domain

3 of the extracellular domain of the second VEGF receptor.

In a preferred embodiment of the invention, the multimerizing

component comprises an immunoglobulin domain.

In another embodiment, the immunoglobulin domain is selected from the
group consisting of the Fc domain of IgG, the heavy chain of IgG, and the

light chain of IgG.

Preferred embodiments include an isolated nucleic acid molecule
comprising a nucleotide sequence encoding a modified Fit1 receptor
fusion polypeptide, wherein the coding region of the nucleic acid
molecule consists of a nucleotide sequence selected from the group
consisting of

(a) the nucleotide sequence set forth in Figure 13A-13D;

(b) the nucleotide sequence set forth in Figure 14A-14C;

(c) the nucleotide sequence set forth in Figure 15A-15C;

(d) the nucleotide sequence set forth in Figure 16A-16D;

(e) the nucleotide sequence set forth in Figure 21A-21C;

(f) the nucleotide sequence set forth in Figure 22A-22C;

(g9) the nucleotide sequence set forth in Figure 24A-24C; and

(h) a nucleotide sequence which, as a result of the degeneracy of the
genetic code, differs from the nucleotide sequence of (a),- (b), (c ), (d),

(e), (f), or (g) and which encodes a fusion polypeptide molecule having

11
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the biological activity of the modified FIt1 receptor fusion polypeptide.

In a further embodiment of the invention, a fusion polypeptide is

encoded by the isolated nucleic acid molecules described above.

A preferred embodiment is a composition capable of binding a VEGF
molecule to form a nonfunctional complex comprising a muitimer of the

fusion polypeptide.
Also preferred is a composition wherein the multimer is a dimer.
In yet another embodiment, the composition is in a carrier.

Another embodiment is a vector which comprises the nucleic acid
molecules described above, including an expression vector comprising a
the nucleic acid molecules described wherein the nucleic acid molecule

is operatively linked to an expression control sequence.

Other included embodiments are a host-vector system for the
production of a fusion polypeptide which comprises the expression
vector, in a suitable host cell; the host-vector system wherein the
suitable host cell is a bacterial cell, yeast cell, insect cell, or
mammalian cell; the host-vector system wherein the suitable host cell

is E. Coli; the host-vector system wherein the suitable host cell is a

COS cell; the host-vector system wherein the suitable host cell is a
CHO cell.

12
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Another embodiment of the invention is a method of producing a fusion
polypeptide which comprises growing cells of the host-vector system
under conditions permitting production of the fusion polypeptide and

recovering the fusion polypeptide so produced.

Additional embodiments include a fusion polypeptide encoded by the
nucleic acid sequence set forth in Figure 10A-10D or Figure 24A-24C,
which has been modified by acetylation or pegylation wherein the
acetylation is accomplished with at least about a 100 fold molar
excess of acetylation reagent or wherein acetylation is accomplished
with a molar excess of acetylation reagent ranging from at least about
a 10 fold molar excess to about a 100 fold molar excess or wherein the

pegylation is 10K or 20K PEG.

A preferred embodiment includes a method of decreasing or inhibiting

plasma leakage in a mammal comprising administering to the mammal

the fusion polypeptide described above, including embodiments wherein
the mammal is a human, the fusion polypeptide is acetylated or the

fusion polypeptide is pegylated.

A further embodiments is a fusion polypeptide which specifically binds
the VEGF receptor ligand VEGF.

A preferred embodiment of the invention is a method of blocking blood
vessel growth in a human comprising administering an effective amount

of the fusion polypeptide described above.

13
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Also preferred is a method of inhibiting VEGF receptor ligand activity
in @ mammal comprising administering to the mammal an effective

amount of the fusion polypeptide described above.

Preferred embodiments of these methods are wherein the mammal is a

human.

Further embodiments of the methods of the invention include
attenuation or prevention of tumor growth in a human; attenuation or
prevention of edema in a human, especially wherein the edema is brain
edema; attenuation or prevention of ascites formation in a human,

especially wherein the ascites is ovarian cancer-associated ascites.

Preferred embodiments of the invention include a fusion polypeptide
capable of binding a VEGF polypeptide comprising (a) a VEGF receptor
component operatively linked to (b) a multimerizing component,
wherein the VEGF receptor component is the only VEGF receptor
component in the fusion polypeptide and consists essentially of the
amino acid sequence of Ig domain 2 of the extracellular domain of a
first VEGF receptor and the amino acid sequence of Ig domain 3 of the

extracellular domain of a second VEGF receptor.

In a further embodiment of the fusion polypeptide, the first VEGF

receptor is FIt1.
In yet a further embodiment of the fusion polypeptide, the second VEGF

receptor is FIk1.

14
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Still another embodiment of the fusion polypeptide is one in which the

second VEGF receptor is Flt4.

Preferred embodiments include a fusion polypeptide wherein amino acid
sequence of Ig domain 2 of the extracellular domain of the first VEGF
receptor is upstream of the amino acid sequence of Ig domain 3 of the
extracellular domain of the second VEGF receptor and a fusion
polypeptide wherein the amino acid sequence of Ig domain 2 of the
extracellular domain of the first VEGF receptor is downstream of the
amino acid sequence of |g domain 3 of the extracellular domain of the

second VEGF receptor.

In yet another embodiment, the fusion polypeptide multimerizing
component comprises an immunoglobulin domain including an
embodiment wherein the immunoglobulin domain is selected from the
group consisting of the Fc domain of IgG, the heavy chain of IgG, and the

light chain of 1gG.

Preferred embodiments include a fusion polypeptide comprising an
amino acid sequence of a modified Flt1 receptor, wherein the amino
acid sequence selected from the group consisting of (a) the amino acid
sequence set forth in Figure 13A-13D; (b) the amino acid sequence set
forth in Figure 14A-14C; (c) the amino acid sequence set forth in Figure
15A-15C; (d) the amino acid sequence set forth in Figure 16A-16D; (e)
the amino acid sequence set forth in Figure 21A-21C; (f) the amino acid
sequence set forth in Figure 22A-22C; and (g) the amino acid sequence
set forth in Figure 24A-24C.

15
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Another preferred embodiment is a method of decreasing or inhibiting
plasma leakage in a mammal comprising administering to the mammal

the fusion polypeptide described above.
An alternative preferred embodiment is a method of inhibiting VEGF
receptor ligand activity in a mammal comprising administering to the

mammal an effective amount of the fusion polypeptide described above.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1. IEF gel analysis of unmodified and acetylated FIt1(1-3)-Fc
proteins. Unmodified FIt1(1-3)-Fc protein is unable to enter the gel
due to its >9.3 pl, whereas acetylated Fit1(1-3)-Fc is able to enter the
gel and equilibrate at pl 5.2.

Figure 2. Binding of unmodified Fit1(1-3)-Fc and acetylated FIt1(1-
3)-Fc proteins to Matrigel® coated plates. Unmodified FIt1(1-3)-Fc
proteins binds extensive to extracellular matrix components in

Matrigel®, whereas acetylated FIt1(1-3)-Fc does not bind.

Figure 3. Binding of unmodified FIt1(1-3)-Fc, acetylated FIt1(1-3)-
Fc, and pegylated FIt1(1-3)-Fc in a Biacore-based assay. Acetylated
(columns 13-16), pegylated (columns 17-20), and heparin-treated
Flt1(1-3)-Fc (columns 21-24) are each able to completely compete
with the Biacore chip-bound FIt1(1-3)-Fc for VEGF binding as compared
to control (columns 1-4) and irrelevant protein (columns 5-8).
Unmodified Flt1(1-3)-Fc (columns 5-6) appears to only partially
compete with Biacore chip-bound FIt1(1-3)-Fc for VEGF binding.

16
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However, washing the bound samples with 0.5M NaCl (columns 7-8)
results in a binding profile similar to the modified forms of Fit1(1-3)-
Fc, indicating that the unmodified protein is exhibiting non-specific

binding to the chip that can be eliminated by the salt wash.

Figure 4. Binding of unmodified Fit1(1-3)-Fc, acetylated Fit1(1-3)-
Fc, and pegylated FIt1(1-3)-Fc to VEGF in an ELISA-based assay. Both
pegylated and acetylated FIt1(1-3)-Fc proteins bind to VEGF with
affinities ap'proaching that of unmodified FIt1(1-3)-Fc.

Figure 5. Pharmacokinetic profiles of unmodified Fit1(1-3)-Fc,
acetylated FIt1(1-3)-Fc, and pegylated FIt1(1-3)-Fc. Balb/c mice (23-
28g) were injected subcutaneously with 4mg/kg of unmodified,
acetylated, or pegylated FIt1(1-3)-Fc. The mice were tail bled at 1, 2,
4, 6, 24 hours, 2 days, and 3 days after injection of protein and the sera
were assayed in a standard ELISA-based assay designed to detect
FIt1(1-3)-Fc protein. The T_,,  for all of the FIt1(1-3)-Fc proteins was
between the 6 hour and 24 hour time points. The C_,,, for the different
proteins was as follows: Unmodified: 0.06 ug/ml - 0.15 pg/ml;
acetylated: 1.5 pg/ml - 4.0 ug/ml; and pegylated: approximately 5
ug/mi.

Figure 6A-6B. IEF gel analysis of unmodified and step-acetylated
FIt1(1-3)-Fc proteins. Unmodified FIt1(1-3)-Fc protein is unable to
enter the gel due to its >9.3 pl, whereas most of the step-acetylated
Fit1(1-3)-Fc samples (30-100 fold excess samples) were able to
migrate into the gel and equilibrate at pls ranging between 4.55 - 8.43,

depending on the degree of acetylation.

17
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Figure 7. Binding of unmodified FIt1(1-3)-Fc and step-acetylated
Fit1(1-3)-Fc proteins to Matrigel® coated plates. As with the
irrelevant control protein, rTie2-Fc, step-acetylated FIt1(1-3)-Fc (20
and 30 fold excess samples) does not exhibit any binding to the Matrigel
coated plate, whereas the non-acetylated FIt1(1-3)-Fc protein exhibits
significant binding. The 10 fold excess sample shows reduced binding,
but the degree of acetylation is not enough to completely block binding

to extracellular matrix components.

Figure 8. Binding of unmodified FIt1(1-3)-Fc and step-acetylated
Flt1(1-3)-Fc in a Biacore-based assay. At a sub-stoichiometric ratio
(0.5 pg/ml of either unmodified FIt1(1-3) or step-acetylated FIt1(1-
3)-Fc vs. 0.2 pug/ml VEGF), there is not enough Flt1(1-3)-Fc (either
unmodified or step-acetylated) in the solution to completely bind the
VEGF. At 1.0 ug/ml, which approximates a 1:1 stoichiometric ratio, the
both unmodified and step-acetylated Fit1(1-3)-Fc are better able to
compete for VEGF binding, but there is still insufficient Fit1(1-3)-Fc
protein (either unmodified or step-acetylated) to completely saturate
the available VEGF. However, at 5.0 ug/ml, which is several times
greater than a 1:1 stoichiometric ratio, both the Fit1(1-3)-Fc and the
step-acetylated FIt1(1-3)-Fc proteins are able to saturate the VEGF,

regardless of the degree of acetylation.
Figure 9. Pharmacokinetic profiles of unmodified FIt1(1-3)-F¢ and
step-acetylated FIt1(1-3)-Fc. Balb/c mice (23-28g) were injected

subcutaneously with 4mg/kg of unmodified or 10, 20, 40, 60 and 100

fold excess samples of step-acetylated FIt1(1-3)-Fc (3 mice for

18
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unmodified, 10, 20 and 40 fold excess samples and 2 mice for 60 and
100 fold excess samples). The mice were tail bled at 1, 2, 4, 6, 24
hours, 2 days and 3 days after injection. The sera were assayed in an

ELISA-based assay designed to detect Fit1(1-3)-Fc. The T for all of

max
the FIt1(1-3)-Fc proteins tested was at the 6 hour time point but the
C was as follows: Unmodified FIt1(1-3)-Fc: 0.06ug/ml; 10 fold

max
excess sample: - 0.7ug/ml, 20 fold excess sample - 2ug/ml, 40 fold
excess sample - 4ug/mil, 60 fold excess sample - 2ug/ml, 100 fold

excess sample - 1ug/ml.

Figure 10A-10D. Nucleic acid and deduced amino acid sequence of
FIt1(1-3)-Fc.

Figure 11. Schematic diagram of the structure of FIt1.

Figure 12A and 12B. Hydrophilicity analysis of the amino acid

sequences of Ig domain 2 and Ig domain 3 of FIt1.

Figure 13A-13D. Nucleic acid and deduced amino acid sequence of
Mut1: Fit1(1-3,5)-Fc.

Figure 14A-14 C. Nucleic acid and deduced amino acid sequence of

Mut2: FIt1(2-3,5)-Fc.

Figure 15A-15C. Nucleic acid and deduced amino acid sequence of
Mut3: FIt1(2-3)-Fc.

19
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Figure 16A-16D. Nucleic acid and deduced amino acid sequence of

Figure 17. Binding of unmodified FIt1(1-3)-Fc, basic region deletion
mutant FIt1(1-3)-Fc, and FIt1(1-3)g .\ mutant proteins in a Biacore-
based assay. At the sub-stoichiometric ratio (0.25 ug/ml FIt1(1-3)-Fc
of unmodified, acetylated or genetically modified samples vs. 01.
ng/ml VEGF), there is insufficient FIt1(1-3)-Fc protein to block binding
of VEGF to the Fit1(1-3)-Fc immobilized on the Biacore chip. At 0.5
pg/ml of unmodified, acetylated or genetically modified FIt1(1-3)-Fc
proteins, the stoichiometric ratio approximates 1:1 and there is an
increased ability to block VEGF binding to the Biacore chip. At 1.0
ug/ml of unmodified, acetylated or genetically modified FIt1(1-3)-Fc
proteins, which is approximately a 10:1 stoichiometric ratio, the
FIt1(1-3)-Fc proteins are able to block binding of VEGF to the Biacore
chip, but they are not equivalent. Unmodified, acetylated, and Mut1:
FIt1(1-3,g)-Fc are essentially equal in their ability to block VEGF

binding, whereas Mut4: FIt1(1-35_,y)-Fc is somewhat less efficient at

blocking binding

Figure 18. Binding of unmodified FIt1(1-3)-Fc, Mut1: Fit1(1-3,5)-Fc,
Mut2: FIt1(2-3,5)-Fc, and FIt1(2-3) mutant proteins to Matrigel®

coated plates. Unmodified FIt1(1-3)-Fc pr_otein binds avidly to these
wells, the Mut3: FIt1(2-3)-Fc protein binds somewhat more weakly, the

Mut1: FIt1(1-3,5)-Fc protein binds more weakly still, and the Mut2:
Fit1(2-3,5)-Fc protein shows the best profile, binding more weakly

than any of the other mutant proteins. The Mut4: FIt1(1-35_,\)-Fc
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glycosylation mutant protein shows only marginal benefit on the

Matrigel assay.

Figure 19. Binding of unmodified FIt1(1-3)-F¢c, Mut1: FIt1(1-3,5)-Fc,
Mut2: FIt1(2-3,5)-Fc, and FIt1(2-3) mutant proteins in an ELISA-based

assay. At the concentrations tested, unmodified FIt1(1-3)-Fc, Mut1:
FIt1(1-3,5)-Fc, Mut2: FIt1(2-3,5)-Fc, and Fit1(2-3) mutant proteins
bind VEGF similarly.

Figure 20. Pharmacokinetic profiles of unmodified Flt1(1-3)-Fc,
Mut1: FIt1(1-3,g)-Fc, Mut2: Flt1(2-3,5)-Fc, and Fit1(2-3) mutant
proteins. the Cmax for these reagents was as follows: Unmodified
FIt1(1-3)-Fc - 0.15ug/ml; 40 fold molar excess acetylated FIt1(1-3)-
Fc - 1.5ug/ml; and Mut1: Fit1(1-3,5)-Fc - 0.7ug/mi.

Figure 21A-21C. Nucleotide and deduced amino acid sequence of the

modified FIt1 receptor termed FIt1D2.Fik1D3.FcAC1(a).

Figure 22A-22C. Nucleotide and deduced amino acid sequence of the

modified Fit1 receptor termed FIt1D2.VEGFR3D3.FcAC1(a).

Figure 23. Extracellular Matrix (ECM) Assay. The results of this
assay demonstrate that the FIt1D2.FIk1D3.FcAC1(a) and
FIt1D2.VEGFR3D3.FcAC1(a) proteins are considerably less sticky to the

ECM as compared to the FIt1(1-3)-Fc protein.
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Figure 24A-24C. Nucleotide and deduced amino acid sequence of the

modified Flt1 receptor termed VEGFR1R2-FcAC1(a).

Figure 25A-25C. Phosphorylation assay. At a 1.5 molar excess of
either FIt1(1-3)-Fc , FIt1(1-3)-Fc (A40) or transient
FIt1D2Flk1D3.FcAC1(a) there is complete blockage of receptor
stimulation by these three modified Flt1 receptors as compared to
control media challenge. In contrast, transient |
FItiD2VEGFR3D3.FcAC1(a) does not show significant blockage at this
molar excess, as compared with VEGF positive control challenge.
Similar results are seen in Figure 25B, where the modified Flt
receptors are in a 3-fold molar excess to VEGF165 ligand. In Figure
25C, where the modified FIt1 receptors are in a 6-fold molar excess to
VEGF165 ligand, transient FIt1D2VEGFR3D3.FcAC1(a) can now be shown
to be partially blocking VEGF165-induced stimulation of cell-surface

receptors.

Figure 26A-26B. Phosphorylation assay. Detection by Western blot.
of tyrosine phosphorylated VEGFR2(Flk1) by VEGF165 ligand stimulation
shows that cell-surface receptors are not phosphorylated by challenge
samples which have VEGF165 preincubated with 1 and 2 fold molar
excess (Figure 26A) or 3 and 4 fold molar excess (Figure 26B) of either
transient FIt1D2FIk1D3.FcaC1(a), stable FIt1D2Flk1D3.FcAaC1(a), or
transient VEGFR1R2-FcAC1(a). At all modified FIt1 receptor
concentrations tested there is complete binding of VEGF165 ligand
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during the preincubation, resulting in no detectable stimulation of cell-
surface receptors by unbound VEGF165 as compared to control media

challenge.

Figure 27. MG/R2 Cell proliferation assay. The following modified
FIt receptors FIt1(1-3)-Fc, FIt1D2.FIk1D3.FcAC1(a) and
FIt1D2.VEGFR3D3.FcAC1(a), plus an irrelevant receptor termed Tie2-Fc
as a negative control, were titrated from 40nM to 20pM and incubated
on the cells for 1thr at 37°C. Human recombinant VEGF165 in defined
media was then added to all the wells at a concentration of 1.56nM.
The negativé control receptor Tie2-Fc does not block VEGF165-induced
cell proliferation at any concentration whereas FIt1D2.FIk1D3.FcAC1(a)
blocks 1.56nM VEGF165 with a half maximal dose of 0.8nM. Fit1(1-3)-
Fc and Fit1D2.VEGFR3D3.FcAC1(a) are less effective in blocking
VEGF165 in this assay with a half maximal dose of ~ 2nM. VEGF165
alone gives a reading of 1.2 absorbance units and the background is 0.38

absorbance units.

Figure 28. Biacore analysis of Binding Stoichiometry. Binding
stoichiometry was calculated as a molar ratio of bound VEGF165 to the
immobilized FIt1D2FIk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a), using the
conversion factor of 1000 RU equivalent to 1 ng/ml. The results
indicated binding stoichiometry of one VEGF165 dimeric molecule per

one FIt1D2FIk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a) molecule.
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Figure 29 and Figure 30. Size Exclusion Chromatography
Stoichiometry. FIt1D2FIk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a) at a
concentration of 1nM (estimated to be 1000 times higher than the KD of
the FIt1D2FIk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a)/VEGF165

interaction) were mixed with varied concentrations of VEGF165. After
incubation, concentrations of the free FIt1D2FIk1D3.FcAC1(a) in
solution were measured. The data shows that the addition of 1 nM
VEGF165 into the FIt1D2FIk1D3.FcAC1(a) solution completely blocks
FIt1D2FIk1D3.FcaC1(a) binding to the VEGF165 surface. This result
suggested the binding stoichiometry of one VEGF165 molecule per one

FIt1D2FIk1D3.FcAC1(a) molecule.

Figure 31. Size Exclusion Chromatography (SEC) under native
conditions. Peak #1 represents the FIt1D2FIk1D3.FcAC1(a)/ VEGF165
complex and peak #2 represents unbound VEGF165. Fractions eluted
between 1.1 and 1.2 ml were combined and guanidinium hydrochloride
(GuHClwas added to a final concentration 4.5M to dissociate the

complex.

Figure 32. Size Exclusion Chromatography (SEC) under dissociative
conditions. To separate the components of the receptor-ligand complex
and to determine their molar ratio, 50ul of dissociated complex was
loaded onto a Superose 12 PC 3.2/30 equilibrated in 6M GuHCI and
eluted. Peak #1 represents FIt1D2FIk1D3.FcAC1(a) and peak #2
represents VEGF165.
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Figure 33, Figure 34 and Figure 35. Size Exclusion
Chromatography (SEC) with On-Line Light Scattering. Size exclusion
chromatography column with a MiniDawn on-line light scattering
detector (Wyatt Technology, Santa Barbara, California) and refractive
index (RI) detectors (Shimadzu, Kyoto, Japan) was used to determine
the molecular weight (MW) of the receptor-ligand complex. As shown in
Figure 33, the elution profile shows two peaks. Peak #1 represents the
receptor-ligand complex and peak #2 represents the unbound VEGF165.
MW was calculated from LS and RI signals. The same procedure was
used to determine MW of the individual components of the receptor-
ligand complex. The results of these determinations are as follows:
MW of the FIt1D2FIk1D3.FcAC1(a)/VEGF165 complex at the peak
position is 157 300 (Figure 33), the MW of VEGF165 at the peak

position is 44 390 (Figure 34) and the MW of R1R2 at the peak is 113
300 (Figure 35).

Figure 36. Peptide mapping and glycosylation analysis. The disulfide
structures and glycosylation sites in FIt1D2.FIk1D3.FcAC1(a) were
determined by a peptide mapping method. There are a total of ten
cysteines in FIt1D2.FIk1D3.FcAC1(a); six of them belong to the Fc
region. Cys27 is disulfide bonded to Cys76. Cys121 is disulfide bonded
to Cys 182. The first two cysteines in the Fc region (Cys211 and
Cys214) form an intermolecular disulfide bond with the same two
cysteines in another Fc chain. However, it can not be determined
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whether disulfide bonding is occurring between same cysteines
(Cys211 to Cys211, for example) or between Cys211 and Cys214.
Cys216 is disulfide bonded to Cys306. Cys 352 is disulfide bonded to
Cys410.

There are five possible N-linked glycosylation sites in
FIt1D2.FIk1D3.FcaC1(a) and are found to be glycosylated to varying
degrees. Complete glycosylation is observed at Asn33, Asn193, and
Asn282. Partial glycosylation is observed on Asn65 and Asn120. Sites

of glycosylation are highlighted by underline in the Figure.

Figure 37. Pharmacokinetics of FIt1(1-3)-Fc (A40),
Flit1D2.FIk1D3.FcAaC1(a) and VEGFR1R2-FcAC1(a). Balb/c mice were
injected subcutaneously with 4mg/kg of FIt1(1-3)-Fc (A40), CHO
transiently expressed Fit1D2.FIk1D3.FcAC1(a), CHO stably expressed
FIt1D2.FIk1D3.FcAC1(a), and CHO' transiently expressed VEGFR1R2-
FcAC1(a). The mice were tail bled at 1, 2, 4, 6, 24 hrs, 2 days, 3 days
and 6 days after injection. The sera were assayed in an ELISA designed
to detect FIt1(1-3)-Fc (A40), FIt1D2.FIk1D3.FcAC1(a) or VEGFR1R2-
FcaC1(a). The Tmax for Flt1(1-3)-Fc (A40) was at 6 hrs while the
Tmax for the transient and stable Fit1D2.FIk1D3.FcAC1(a) and the
transient VEGFR1R2-FcAC1(a) was 24hrs. The Cmax for FIt1(1-3)-Fc
(A40) was 8ug/ml, For both transients (FIt1D2.FIk1D3.FcAC1(a) and
VEGFR1R2-FcAC1(a)) the Cmax was 18ug/ml and the Cmax for the
stable VEGFR1R2-FcAaC1(a) was 30ug/ml.

26

0089



10

15

20

25

WO 00/75319 PCT/US00/14142

Figure 38. Pharmacokinetics of FIt1(1-3)-Fc (A40),
FIlt1D2.FIk1D3.FcAC1(a) and FIt1D2.VEGFR3D3.FcAC1(a). Balb/c mice
were injected subcutaneously with 4mg/kg of FIt1(1-3)-Fc (A40), CHO
transiently expressed Fit1D2.FIk1D3.FcAC1(a) and CHO transiently
expressed FIt1D2.VEGFR3D3.FcAC1(a). The mice were tail bled at 1, 2,
5, 6, 7, 8, 12, 15 and 20 days after injection. The sera were assayed in
an ELISA designed to detect Fit1(1-3)-Fc, FIt1D2.FIk1D3.FcAC1(a) and
FIt1D2.VEGFR3D3.FcAC1(a). FIt1(1-3)-Fc (A40) could no longer be
detected in the serum after day 5 whereas Fit1D2.FIk1D3.FcAC1(a) and

FIt1D2.VEGFR3D3.FcAC1(a) were detectable for 15 days or more.

Figure 39. The Ability of FIt1D2.FIk1D3.FcAC1(a) to Inhibit HT-1080
Fibrosarcoma Tumor Growth In Vivo. Every other day or 2 times per
week treatment of. SCID mice with FIt1D2.FIk1D3.FcAC1(a) at 25mg/Kg
significantly decreases the growth of subcutaneous HT-1080

fibrosarcoma tumors.

Figure 40. The Ability of Flt1D2.FIk1D3.FcAC1(a) to Inhibit C6 Glioma
Tumor Growth In Vivo. Every other day or 2 times a week treatment of
SCID mice with FIt1D2.FIk1D3.FcAC1(a) significantly decreases the

growth of subcutaneous C6 glioma tumors at doses as low as 2.5mg/Kg.
Figure 41. VEGF-Induced Uterine Hyperpermeability. PMSG injected

subcutaneously (5 1U) to induce ovulation in prepubertal female rats
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results in a surge of estradiol after 2 days which in turn causes an
induction of VEGF in the uterus. This induction results in
hyperpermeability of the uterus and an increase in uterine wet.
Subcutaneous injection of FIt1(1-3)-Fc (A40), FIt1D2.FIk1D3.FcAC1(a)
and Flt1D2.VEGFR3D3.FcAC1(a) at 25mg/kg at 1hr after PMSG injection

results in about a 50% inhibition of the increase in uterine wet weight.

Figure 42A-42B. Assessment of Corpus Luteum Angiogenesis Using
Progesterone as a Readout. PMSG was injected subcutaneously (5 IU) to
induce ovulation in prepubertal female rats, resulting in a fully
functioning corpus luteum containing a dense network of blood vessels
that secretes progesterone into the blood stream to prepare the uterus
for implantation. The induction of angiogenesis in the corpus luteum
requires VEGF. Resting levels of progesterone are about 5ng/ml and can
be induced to 25-40ng/ml after PMSG. Subcutaneous injection of
FIt1(1-3)-Fc (A40) or Flt1D2.FIk1DS.FcAC1(a) at 25mg/kg or 5mg/kg at
1hr. after PMSG injection resulted in a complete inhibition of the

progesterone induction on day 4.

DETAILED DESCRIPTION OF THE INVENTION

It has been a long standing problem in the art to produce a receptor
based VEGF antagonist that has a pharmacokinetic profile that is
appropriate for consideration of the antagonist as a therapeutic
candidate. Applicants describe herein, for the first time, a chimeric
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polypeptide molecule, capable of antagonizing VEGF activity, that
exhibits improved pharmacokinetic properties as compared to other
known receptor-based VEGF antagonists. The chimeric polypeptide
molecules described herein thus provide for the first time appropriate
molecules for use in therapies in which antagonism of VEGF is a desired

result.

The present invention provides for novel chimeric polypeptide
molecules formed by fusing a modified extracellular ligand binding

domain of the FIt1 receptor to the Fc region of IgG.

The extracellular ligand binding domain is defined as the portion of a
receptor that, in its native conformation in the cell membrane, is
oriented extracellularly where it can contact with its cognate ligand.
The extracellular ligand binding domain does not include the
hydrophobic amino acids associated with the receptor’s transmembrane
domain or any amino acids associated with the receptor’s intracellular
domain. Generally, the intracellular or cytoplasmic domain of a
receptor is usually composed of positively charged or polar amino acids
(i.e. lysine, arginine, histidine, glutamic acid, aspartic acid). The
preceding 15-30, predominantly hydrophobic or apolar amino acids (i.e.
leucine, valine, isoleucine, and phenylalanine) comprise the
transmembrane domain. The extracellular domain comprises the amino
acids that precede the hydrophobic transmembrane stretch of amino
acids. Usually the transmembrane domain is flanked by positively
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charged or polar amino acids such as lysine or arginine. von Heijne has
published detailed rules that are commonly referred to by skilled
artisans when determining which amino acids of a given receptor
belong to the extracellular, transmembrane, or intracellular domains
(See von Heijne, 1995, BioEssays 17:25-30). Alternatively, websites on
the Internet, such as

http://ulrec3.unil.ch/software/TMPRED_form.html. have become
available to provide protein chemists with information about making

predictions about protein domains.

The present invention provides for the construction of nucleic acid
molecules encoding chimeric polypeptide molecules that are inserted
into a vector that is able to express the chimeric polypeptide molecules
when introduced into an appropriate host cell. Appropriate host cells
include, but are not limited to, bacterial cells, yeast cells, insect cells,
and mammalian cells. Any of the methods known to one skilled in the
art for the insertion of DNA fragments into a vector may be used to
construct expression vectors encoding the chimeric polypeptide
molecules under control of transcriptional/translational control
signals. These methods may include in vitro recombinant DNA and

synthetic techniques and in vivo recombinations (genetic
recombination) (See Sambrook, et al., Molecular Cloning, A Laboratory
Manual, Cold Spring Harbor Laboratory; Current Protocols in Molecular
Biology, Eds. Ausubel, et al., Greene Publ. Assoc., Wiley-Interscience,
NY).
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Expression of nucleic acid molecules encoding the chimeric polypeptide
molecules may be regulated by a second nucleic acid sequence so that
the chimeric polypeptide molecule is expressed in a host transformed
with the recombinant DNA molecule. For example, expression of the
chimeric polypeptide molecules described herein may be controlled by
any promoter/enhancer element known in the art. Promoters which may
be used to control expression of the chimeric polypeptide molecules
include, but are not limited to, the long terminal repeat as described in
Squinto et al., (1991, Cell 65:1-20); the SV40 early promoter region
(Bernoist and Chambon, 1981, Nature 290:304-310), the CMV promoter,
the M-MuLV 5' terminal repeat the promoter contained in the 3' long
terminal repeat of Rous sarcoma virus (Yamamoto, et al.,, 1980, Cell
22:787-797), the herpes thymidine kinase promoter (Wagner et al.,
1981, Proc. Natl. Acad. Sci. U.S.A. 78:144-1445), the regulatory
sequences of the metallothionine gene (Brinster et al., 1982, Nature
296:39-42); prokaryotic expression vectors such as the f-lactamase
promoter (Villa-Kamaroff, et al., 1978, Proc. Natl. Acad. Sci. U.S.A.
75:3727-3731), or the tac promoter (DeBoer, et al.,, 1983, Proc. Natl.
Acad. Sci. U.S.A. 80:21-25, see also "Useful proteins from recombinant
bacteria" in Scientific American, 1980, 242:74-94); promoter elements
from yeast or other fungi such as the Gal 4 promoter, the ADH (alcohol
dehydrogenase) promoter, PGK (phosphoglycerol kinase) promoter,
alkaline phosphatase promoter, and the following animal
transcriptional control regions, which exhibit tissue specificity and
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- have been utilized in transgenic animals: elastase | gene control region

which is active in pancreatic acinar cells (Swift et al., 1984, Cell
38:639-646; Ornitz et al., 1986, Cold Spring Harbor Symp. Quant. Biol.
50:399-409; MacDonald, 1987, Hepatology 7:425-515); insulin gene
control region which is active in pancreatic beta cells (Hanahan, 1985,
Nature 315:115-122), immunoglobulin gene control region which is
active in lymphoid cells (Grossched| et al., 1984, Cell 38:647-658,;
Adames et al., 1985, Nature 318:533-538; Alexander et al., 1987, Mol.
Cell. Biol. 7:1436-1444), mouse mammary tumor virus control region
which is active in testicular, breast, lymphoid and mast cells (Leder et
al.,, 1986, Cell 45:485-495), albumin gene control region which is
active in liver (Pinkert et al., 1987, Genes and Devel. 1:268-276),
alpha-fetoprotein gene control region which is active in liver (Krumlauf
et al.,, 1985, Mol. Cell. Biol. 5:1639-1648; Hammer et al., 1987, Science
235:53-58); alpha 1-antitrypsin gene control region which is active in
the liver (Kelsey et al, 1987, Genes and Devel. 1:161-171), beta-globin
gene control region which is active in myeloid cells (Mogram et al.,
1985, Nature 315:338-340; Kollias et al., 1986, Cell 46:89-94); myelin
basic protein gene control region which is active in oligodendrocyte
cells in the brain (Readhead et al., 1987, Cell 48:703-712); myosin light
chain-2 gene control region which is active in skeletal muscle (Shani,
1985, Nature 314:283-286), and gonadotropic releasing hormone gene
control region which is active in the hypothalamus (Mason et al., 1986,

Science 234:1372-1378).
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Thus, according to the invention, expression vectors capable of being
replicated in a bacterial or eukaryotic host comprising chimeric
polypeptide molecule-encoding nucleic acid as described herein, are
used to transfect the host and thereby direct expression of such nucleic
acids to produce the chimeric polypeptide molecules, which may then be
recovered in a biologically active form. As used herein, a biologically

active form includes a form capable of binding to VEGF.

Expression vectors containing the chimeric nucleic acid molecules
described herein can be identified by three general approaches: (a)
DNA-DNA hybridization, (b) presence or absence of "marker" gene
functions, and (c) expression of inserted sequences. In the first
approach, the presence of a foreign gene inserted in an expression
vector can be detected by DNA-DNA hybridization using probes
comprising sequences that are homologous to the inserted chimeric
polypeptide molecule sequences. In the second approach, the
recombinant vector/host system can be identified and selected based
upon the presence or absence of certain "marker" gene functions (e.g.,
thymidine kinase activity, resistance to antibiotics, transformation
phenotype, occlusion body formation in baculovirus, etc.) caused by the
insertion of foreign genes in the vector. For example, if the chimeric
polypeptide molecule DNA sequence is inserted within the marker gene
sequence of the vector, recombinants containing the insert can be
identified by the absence of the marker gene function. In the third
approach, recombinant expression vectors can be identified by assaying
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the foreign gene product expressed by the recombinant. Such assays
can be based, for example, on the physical or functional properties of

the chimeric polypeptide molecules.

Cells of the present invention may transiently or, preferably,
constitutively and permanently express the chimeric polypeptide

molecules.

The chimeric polypeptide molecules may be purified by any technique
which allows for the subsequent formation of a stable, biologically
active chimeric polypeptide molecule. For example, and not by way of
limitation, the factors may be recovered from celis either as soluble
proteins or as inclusion bodies, from which they may be extracted
quantitatively by 8M guanidinium hydrochloride and dialysis (see, for
example, Builder, et al.,, US Patent No. 5,663,304). In order to further
purify the factors, conventional ion exchange chromatography,
hydrophobic interaction chromatography, reverse phase chromatography

or gel filtration may be used.

In one embodiment of the invention, the nucleotide sequence encoding
the first component is upstream of the nucleotide sequence encoding
the second component. In another embodiment of the invention, the
nucleotide sequence encoding the first component is downstream of the
nucleotide sequence encoding the second component. Further
embodiments of the invention may be prepared in which the order of the
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first, second and third fusion polypeptide components are rearranged.
For example, if the nuclectide sequence encoding the first component is
designated 1, the nucleotide sequence encoding the second component is
designated 2, and the nucleotide sequence of the third component is
designated 3, then the order of the components in the isolated nucleic
acid of the invention as read from 5 to 3 may be any of the following

six combinations: 1,2,3; 1,3,2; 2,1,3; 2,3,1; 3,1,2; or 3,2,1.

The present invention also has diagnostic and therapeutic utilities. In
particular embodiments of the invention, methods of detecting
aberrancies in the function or expression of the chimeric polypeptide
molecules described herein may be used in the diagnosis of disorders.
In other embodiments, manipulation of the chimeric polypeptide
molecules or agonists or antagonists which bind the chimeric
polypeptide molecules may be used in the treatment of diseases. In
further embodiments, the chimeric polypeptide molecule is utilized as

an agent to block the binding of a binding agent to its target.

By way of example, but not limitation, the method of the invention may
be useful in treating clinical conditions that are characterized by
vascular permeability, edema or inflammation such as brain edema
associated with injury, stroke or tumor; edema associated with
inflammatory disorders such as psoriasis or arthritis, including
rheumatoid arthritis; asthma; generalized edema associated with burns;
ascites and pleural effusion associated with tumors, inflammation or
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trauma; chronic airway inflammation; capillary leak syndrome; sepsis;
kidney disease associated with increased leakage of protein; and eye
disorders such as age related macular degeneration and diabetic

retinopathy.

An amino acid sequence analysis of Flt1(1-3)-Fc revealed the presence
of an unusually high number (46) of the basic amino acid residue lysine.
An IEF analysis of FIt1(1-3)-Fc showed that this protein has pl greater
than 9.3, confirming the prediction that the protein is very basic. It
was hypothesized that the basic nature of Flt1(1-3)-Fc protein was
causing it to bind to extracellular matrix components and that this
interaction might be the cause of the extremely short detectable
circulating serum half-life exhibited by Fit1(1-3)-Fc when injected
into mice. In order to test this hypothesis, FIt1(1-3)-Fc protein ‘was
acetylated at the lysine residues to reduce the basic charge.

Acetylated Flt1(1-3)-Fc was then tested in the assays described infra.
The following examples are offered by way of illustration and not by
way of limitation.

EXAMPLES

Example 1: Expression of FIt1(1-3)-Fc protein in CHO K1 cells.

Using standard molecular biology techniques (see e.g., Molecular
Cloning, A Laboratory Manual (Sambrook, et al., Cold Spring Harbor
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Laboratory), Current Protocols in Molecular Biology (Eds. Ausubel, et al.,
Greene Publ. Assoc., Wiley-Interscience, NY), the gene encoding Fit1(1-
3)-Fc was inserted into the expression vector pEE14.1 (Lonza Biologics,
plc) at\ a multiple cloning site downstream of the CMV promoter. CHO
K1 cells were transfected with the pEE14.1/FIt1(1-3)-Fc DNA
construct using lipofectamine (Gaithersburg, MD). The transfected CHO
K1 cells were grown in glutamine-free DMEM (JRH, Kansas City, MO)
containing 25uM methionine sulfoximine (MSX) from Sigma Inc., St.
Louis, MO, and high recombinant protein expressors were obtained by
screening the CHO K1 cell supernatants from over 100 hand-picked
colony isolates using a standard immunoassay which captures and
detects human Fc. The selected hand-picked clone was amplified in the
presence of 100 uM MSX followed by a second round of screening of the
amplified clones. The highest producing clone had a specific

productivity of recombinant FIt1(1-3)-Fc protein of 55 pg/cell/day.

The selected clone was expanded in 225cm? T-flasks (Corning, Acton,
MA) and then into 8.5L roller bottles (Corning, Acton, MA) using the cell
culture media described supra. Cells were removed from the roller
bottles by standard trypsinization and put into 3.5L of suspension
medium. The suspension medium is comprised of glutamine-free ISCHO
medium (Irvine Scientific, Santa Ana, CA) containing 5% fetal bovine
serum (FBS from Hyclone Labs, Logan, UT), 100uM MSX and GS
supplement (JRH Scientific, Kansas City, MO) in a 5L Celligen
bioreactor (New Brunswick Scientific, New Brunswick, NJ) at a density
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of 0.3 x 10°% cells/mL. After the cells reached a density of 3.6 x
108/mL and were adapted to suspension they were transferred to a 60L
bioreactor (ABEC, Allentown, PA) at a density of 0.5 x 10% cells/mL in
20L of ISCHO medium with 5% fetal bovine serum. After two days an.
additional 20L of ISCHO + 5% fetal bovine serum was added to the
bioreactor. The cells were allowed to grow for an additional two days
reaching a final density of 3.1 x 108 cells/mL, and a final FIt1(1-3)-Fc
concentration at harvest was 95 mg/L. At harvest the cells were
removed by tangential flow filtration using 0.45um Prostak Filters

(Millipore, Inc., Bedford, MA).

Example 2: Purification of FIt1(1-3)-Fc protein obtained

from CHO K1 cells

Fit1(1-3)-Fc protein was initially purified by affinity chromatography.
A Protein A column was used to bind, with high specificity, the Fc
portion of the molecule. This affinity-purified protein was then
concentrated and passed over a SEC column. The protein was then
eluted into the formulation buffer. The following describes these

procedures in detail.

Materials and Methods

All chemicals were obtained from J.T. Baker, Phillipsburg, NJ with the
exception of PBS; which was obtained as a 10X concentrate from Life
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Technologies, Gaithersburg, MD. Protein A Fast Flow and Superdex 200
preparation grade resins were obtained from Pharmacia, Piscataway,
NJ. Equipment and membranes for protein concentration were obtained

from Millipore, Bedford, MA.

Approximately 40L of 0.45um-filtered CHO conditioned media
containing FIt1(1-3)-Fc protein was applied to a 290mL Protein A Fast
Flow column (10cm diameter) that had been equilibrated with PBS. The
column was washed with PBS containing 350mM NaCl and 0.02% CHAPS
and the bound protein was eluted with 20mM Citric Acid containing
10mM Na,HPO,. The single peak in the elution was collected and its pH
was raised to neutrality with 1M NaOH. The eluate fractions was
concentrated to approximately 9 mg/mL using 10K regenerated
cellulose membranes by both tangential flow filtration and by stirred
cell concentration. To remove aggregates and other contaminants, the
concentrated protein was applied to a column packed with Superdex 200
preparation grade resin (10cm x 55cm) and run in PBS containing 5 %
glycerol. The main peak fractions were pooled, sterile filtered,

aliquoted and stored at -80°C.

Example 3: Acetylation of FIt1(1-3)-Fc protein.

Two milligrams of Flt1(1-3)-Fc protein were acetylated as described
in the instruction manual provided with the sulfo-NHS-acetate
modification kit (Pierce Chemical Co., Rockford, IL, Cat.#26777).
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Example 4: Characterization of acetylated FiIt1(1-3)-Fc

protein.

(a.) IEF analysis: FIt1(1-3)-Fc and acetylated FIt1(1-3)-Fc were
analyzed by standard IEF analysis. As shown in Figure 1, FIt1(1-3)-Fc
protein is not able to migrate into the gel and therefore must have a pl
greater than 9.3, the highest pl in the standard. However, acetylated
Fit1(1-3)-Fc is able to migrate into the gel and equilibrate at a pl of
approximately 5.2. This result demonstrates that acetylation reduces

the net positive charge of the protein and therefore its pl considerably.

(b.) Binding to extracellular matrix components

To test for binding to extracellular matrix components, Fit1(1-3)-Fc
and acetylated Flt1(1-3)-Fc where tested in an assay designed to
mimic the interaction with extracellular matrix components. In this
assay, 96-well tissue culture plates are coated with Matrigel (Biocoat
MATRIGEL® matrix thin layer 96 well plate, Catalog #40607, Becton
Dickinson Labware, Bedford, MA). The plates are incubated with varying
concentrations of either Flt1(1-3)-Fc, acetylated FIt1(1-3)-Fc, or
rTie2-Fc (an irrelevant control) protein are added to the wells. The
plates are incubated for 1-2 hours at either room temperature or 37°C
degrees and then detection of bound proteins is accomplished by adding
a secondary alkaline phosphatase-conjugated anti-human Fc antibody to
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the wells. Finally, alkaline phosphatase substrate is added to the wells
and optical density is measured. Figure 2 shows the results of this
assay. Like the irrelevant control protein rTie2-Fc, acetylated FIt1(1-
3)-Fc does not exhibit any binding to the Matrigel coated plate, whereas
the non-acetylated FIt1(1-3)-Fc protein exhibits significant binding.
This result indicates that acetylation of basic amino acid residues is
an effective way to interfere with the charge interactions that exist
between positively charged proteins and the negatively charged

extracellular matrix components they are exposed to in vivo.

Example 5: Peqylation of FIt1(1-3)-Fc protein.

Although pegylation (polyethylene glycol - PEG) of proteins has been
shown to increase their in vivo potency by enhancing stability and
bioavailability while minimizing immunogenicity (see references cited
supra), it is counter-intuitive that pegylating molecules that are too
large to bé filtered by the kidney glomeruli would improve their
pharmacokinetic properties. Without being bound by theory, Applicants
postulated that pegylation of the FIit1(1-3)-Fc molecules could improve
the pharmacokinetic properties, possibly not by altering the positive
charge or by decreasing the pl of Flt1(1-3)-Fc, but rather by physically
shielding the positive charges from interacting with the extracellular
matrix. Applicants decided to attempt to improve the pharmacokinetic
properties of FIt1(1-3)-Fc molecules by attaching strands of 20K PEGs
as described infra.
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Materials and Methods

Purified Flt1(1-3)-Fc derived from CHO cells (see supra) was used in
the following pegylation experiments. Functionalized PEGs were
obtained from Shearwater Polymers, Huntsville, AL; Bicine from Sigma,
St Louis, MO; Superose 6 column from Pharmacia, Piscataway, NJ; PBS
as a 10X concentrate from Life Technologies, Gaithersburg, MD; Glycerol
from J.T. Baker, Phillipsburg, NJ; and Bis-Tris precast gels from Novex,

CA.

20K PEG strands functionalized with amine-specific terminal moieties
were used in small-scale reaction studies that were set-up to evaluate
different reaction conditions in which the PEG:protein stoichiometry
was varied. Based on these reactions and the analyses of samples on
standard SDS-PAGE, FIt1(1-3)-Fc at a concentration of 1.5 mg/mL was
reacted at pH 8.1 with 20K SPA-PEG (PEG succinimidyl propionate)
molecules at a PEG-to-Flt1(1-3)-Fc monomer molar ratio of 1:6. The
reaction was allowed to proceed at 8°C overnight. For initial
purification, the reaction products were applied to a 10mm x 30cm
Superose 6 column equilibrated with PBS containing 5% Glycerol. The
column appeared to separate pegylated FIt1(1-3)-Fc molecules based on
the extent of pegylation. Fractions corresponding to what appeared to
be primarily mono-pegylated and di-pegylated dimeric FIt1(1-3)-Fc, as
judged by banding patterns on reducing and non-reducing SDS-PAGE gels
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were pooled. The protein concentration was determined by measuring
absorbance at 280 nm. The pegylated FIt1(1-3)-Fc protein was sterile

filtered, aliquoted and stored at -40°C.

Example 6: Binding of unmodified, acetylated, and pegylated

FIt1(1-3)-Fc in a Biacore-based assay.

Unmodified, acetyiated, and pegylated FIt1(1-3)-Fc proteins were
tested in a Biacore-based assay to evaluate their ability to bind to the
FIt1 ligand, VEGF. In this assay, unmodified FIt1(1-3)-Fc protein was
immobilized on the surface of a Biacore chip (see Biacore Instruction
Manual, Pharmacia, Inc., Piscataway, NJ, for standard procedures) and a
sample containing 0.2 pug/ml VEGF and either unmodified FIt1(1-3)-Fc,
acetylated FIt1(1-3)-Fc or pegylated FIt1(1-3)-Fc (each at 25 ng/ml)
was passed over the Flt1(1-3)-Fc-coated chip. To minimize the effects
of non-specific binding, the bound samples were washed with a 0.5M
NaCl wash. In one sample, unmodified FIt1(1-3)-Fc was mixed with
heparin. Heparin is a negatively charged molecule and the FIt1(1-3)-Fc
protein is a positively charged molecule, so when the two molecules
are mixed together, they should interact through their respective
charges. This essentially neutralizes FIt1(1-3)-Fc’s inherent positive
charge making the molecule behave as if it has been chemically or
genetically modified so as to reduce its charge and its tendency to bind
via charge interactions. As shown in Figure 3, acetylated (columns 13-
16), pegylated (columns 17-20), and heparin-treated Fit1(1-3)-Fc
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(columns 21-24) are each able to completely compete with the Biacore
chip-bound Fit1(1-3)-Fc for VEGF binding as compared to control
(columns 1-4) and irrelevant protein (columns 5-8). Unmodified
FIt1(1-3)-Fc (columns 5-6) appeared to only partially compete with
Biacore chip-bound FIt1(1-3)-Fc for VEGF binding. However, washing
the bound samples with 0.5M NaCl (columns 7-8) resulted in a binding
profile similar to the modified forms of FIt1(1-3)-Fc, indicating that
the unmodified protein was exhibiting non-specific binding to the chip

that could be eliminated by the salt wash.

Example 7: Binding of unmodified, acetylated, and pegylated

Fit1(1-3)-Fc in an ELISA-based assay.

Unmodified, acetylated, and pegylated FIt1(1-3)-Fc proteins were
tested in a standard ELISA-based assay to evaluate their ability to bind
the FIt1 receptor ligand VEGF. As shown in Figure 4, both pegylated and
acetylated FIt1(1-3)-Fc proteins are capable of binding to VEGF,
demonstrating that modifying the protein either by pegylation or

acetylation does not destroy its ability to bind its ligand.

Example 8: Pharmacokinetic analysis of unmodified FIt1(1-3)-

Fc, acetylated FIt1(1-3)-Fc, and pegylated FIt1(1-3)-Fc.

In vivo experiments were designed to assess the pharmacokinetic
profiles of unmodified FIt1(1-3)-Fc, acetylated FIt1(1-3)-Fc, and
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pegylated Flt1(1-3)-Fc protein. Balb/c mice (23-28g; 3 mice/group)
were injected subcutaneously with 4mg/kg of unmodified, acetylated,
or pegylated Flt1(1-3)-Fc. The mice were tail bled at 1, 2, 4, 6, 24
hours, 2 days, and 3 days after injection of protein. The sera were
assayed in a standard ELISA-based assay designed to detect Fit1(1-3)-
Fc protein. Briefly, the assay involves coating an ELISA plate with
VEGF, binding the unmodified, acetylated, or pegylated FIt1(1-3)-Fc-
containing sera, and reporting with an anti-Fc antibody linked to
alkaline phosphatase. As shown in Figure 5, the Tmax for all of the
FIt1(1-3)-Fc proteins was between the 6 hour and 24 hour time points.
The Cmax for the different proteins was as follows: Unmodified: 0.06
w/ml - 0.15 pg/ml; acetylated: 1.5 pug/ml - 4.0 pug/ml; and pegylated:

approximately 5 ug/ml.

Example 9: Step-acetylation of FlIt1(1-3)-Fc

To determine what minimal amount of acetylation is necessary to
eliminate binding to extracellular matrix components, an experiment
was designed that acetylated the Fit1(1-3)-Fc protein in a step-wise
fashion by using increasing amounts of molar excess of acetylation
reagent in the acetylation reaction mixture. The range of molar excess

was as follows: 0, 10, 20, 30, 40, 50, 60, 70, 80 , 90, and 100 moles of

acetylation reagent per 1 mole of FIt1(1-3)-Fc monomer. The reactions

were performed as detailed in the instruction manual provided with the
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sulfo-NHS-Acetate modification kit (Pierce Chemical Co., Rockford, IL,

Cat.# 26777).

xample 10: Characterization of step-acetylated FIt1(1-3)-

(a.) IEF analysis Unmodified FIt1(1-3)-Fc and step-acetylated
FIt1(1-3)-Fc proteins were analyzed by standard IEF analysis. As
shown in Figure 6A-6B, unmodified FIt1(1-3)-Fc protein was not able
to migrate into the gel due to its extremely high pl (greater than 9.3).
However, most of the step-acetylated FIt1(1-3)-Fc samples (30-100
fold molar excess samples) were able to migrate into the gel and
equilibrate at pls ranging between 4.55 - 8.43, depending on the degree
of acetylation of the protein. This result demonstrates that
acetylation can change the positive charge of the protein in a dose-
dependent manner and that reduction of the pl can be controlied by

controlling the degree of acetylation.

(b.) Binding of step-acetylated FIt1(1-3)-Fc to extracellular

matrix components

To test for binding to extracellular matrix components, Fit1(1-3)-Fc
and step-acetylated FIt1(1-3)-Fc where tested in the above-described
assay designed to mimic the interaction with extracellular matrix
components. Varying concentrations of either unmodified FIt1(1-3)-Fc,
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step-acetylated FIt1(1-3)-Fc (10, 20, and 30 fold molar excess
samples), or rTie2-Fc (an irrelevant control) protein were added to the
wells. The plates were incubated for 1-2 hours at room temperature or
37°C and then detection of bound proteins was accomplished by adding a
secondary alkaline phosphatase-conjugated anti-human Fc antibody to
the wells. Alkaline phosphatase substrate was subsequently added to
the wells and optical density measured. Figure 7 shows the results of
this assay. Like the irrelevant control protein rTie2-Fc, step-
acetylated FIt1(1-3)-Fc (20 and 30 fold molar excess samples) did not
exhibit any significant binding to the Matrigel coated plate, whereas
the non-acetylated FIt1(1-3)-Fc protein exhibited significant binding.
The binding is saturable, indicating that the FIt1(1-3)-Fc protein may
be binding to specific sites, rather than a more general charge-
mediated interaction that might not be saturable. The 10 fold molar
excess sample showed reduced binding, but the degree of acetylation
was not enough to completely block binding to extracellular matrix
components. The 20 fold molar excess and higher samples displayed no
detectable binding, despite the fact that by IEF analysis (Figure 6A and
6B) the lower molar excess samples still had a large net positive
charge. This result demonstrates that it is not necessary to completely
acetylate all available basic amino acids in order to eliminate binding

to extracellular matrix components.
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(c.) Binding of step-acetylated FIt1(1-3)-Fc in a Biacore-

based assay.

Unmodified and step-acetylated FIt1(1-3)-Fc proteins where tested in
a Biacore-based assay to evaluate their ability to bind to the Flt1
ligand, VEGF. In this assay, unmodified FIt1(1-3)-Fc protein (0.5, 1.0,
or 5.0 ug/ml) was immobilized on the surface of a Biacore chip (see
Biacore Instruction Manual, Pharmacia, Inc., Piscataway, NJ, for
standard procedures) and a solution containing 0.2 ng/ml VEGF and
either unmodified FIt1(1-3)-Fc (at either 0.5, 1.0, or 5.0 pug/ml) or 10
different step-acetylated FIt1(1-3)-Fc samples (at 0.5, 1.0, or 5.0
ug/ml each) were passed over the Flt1(1-3)-Fc-coated chip. As shown
in Figure 8, at a sub-stoichiometric ratio (0.5 pg/ml of either
unmodified FIt1(1-3) or step-acetylated FIt1(1-3)-Fc vs. 0.2 pg/ml
VEGF), there is not enough FIt1(1-3)-Fc (either unmodified or step-
acetylated) in the solution to completely bind the VEGF. At 1.0 pg/ml,
which approximates a 1:1 stoichiometric ratio, both unmodified and
step-acetylated Flt1(1-3)-Fc are better able to compete for VEGF
binding, but there is still insufficient FIt1(1-3)-Fc protein (either
unmodified or step-acetylated) to completely bind the available VEGF.
However, at 5.0 pug/ml, which is several times greater than a 1:1
stoichiometric ratio, both the FIt1(1-3)-Fc and the step-acetylated
Fit1(1-3)-Fc proteins are able to bind the VEGF, regardless of the
degree of acetylation. This clearly demonstrates that acetylation does
not alter FIt1(1-3)-Fc’s ability to bind VEGF.
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(d.) Pharmacokinetic analysis of step-acetylated FIt1(1-3)-Fc

In vivo experiments were designed to assess the pharmacokinetic
profiles of unmodified FIt1(1-3)-Fc and step-acetylated FIt1(1-3)-Fc
protein. Balb/c mice (23-28g) were injected subcutaneously with
4mg/kg of unmodified or 10, 20, 40, 60 and 100 fold molar excess
samples of step-acetylated Fit1(1-3)-Fc (3 mice for unmodified, 10, 20
and 40 fold molar excess samples and 2 mice for 60 and 100 fold molar
excess samples). The mice were tail bled at 1, 2, 4, 6, 24 hours, 2 days
and 3 days after injection. The sera were assayed in an ELISA-based
assay designed to detect FIt1(1-3)-Fc (described supra). Figure 9
details the results of this study. The Tmax for all of the FIt1(1-3)-Fc
proteins tested was at the 6 hour time point but the Cmax was as
follows: Unmodified FIt1(1-3)-Fc: 0.06ug/ml; 10 fold molar excess
sample: - 0.7pug/ml, 20 fold molar excess sample - 2ug/ml, 40 fold
molar excess sample - 4ug/ml, 60 fold molar excess sample - 2ug/ml,
100 fold molar excess sample - 1ug/ml. This results demonstrates
that acetylation or pegylation of Fit1(1-3)-Fc significantly improves

its pharmacokinetic profile.

Example 11: Construction of FIt1(1-3)-F¢c basic region

deletion mutant designated Mut1: Flt1(1-3&)-Fc.

Based on the observation that acetylated FIt1(1-3)-Fc, which has a pl
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below 6, has much better pharmacokinetics than the highly positive
unmodified FIt1(1-3)-Fc (pl > 9.3), it was asked whether the difference
in pharmacokinetics could be attributed to the net charge of the

protein, which made it stick to negatively charged extracellular matrix
components, or whether there were perhaps specific locations on the
surface of the FIt1(1-3)-Fc protein that constituted specific binding
sites for extracellular matrix components. For example, many proteins
are known to have heparin binding sites, often consisting of a cluster of
basic residues. Sometimes these residues are found in a cluster on the
primary sequence of the protein; some of the literature has identified
“‘consensus sequences” for such heparin binding sites (see for example
Hileman, et al., 1998, Bioessays 20(2):156-67). In other cases, the
known crystal structure of a protein reveals a cluster of positively
charged residues on the surface of a protein, but the residues come
from different regions of the primary sequence and are only brought
together when the protein folds into its tertiary structure. Thus it is
difficult to deduce whether an isolated amino acid residue forms part
of a cluster of basic residues on the surface of the protein. However, if
there is a cluster of positively charged amino acid residues in the
primary sequence, it is not unreasonable to surmise that the residues
are spatially close to one another and might therefore be part of an
extracellular matrix component binding site. Flt1 receptor has been
studied extensively and various domains have been described (see for
example Tanaka et al.,, 1997, Jpn. J. Cancer Res 88:867-876). Referring
to the nucleic acid and amino acid sequence set forth in Figure 10A-10D
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of this application, one can identify the signal sequence for secretion
which is located at the beginning of the sequence and extends to the
glycine coded for by nucleotides 76-78. The mature protein begins with
Ser-Lys-Leu-Lys, starting at nucleotide 79 of the nucleic acid
sequence. Flt1 Ig domain 1 extends from nucleotide 79 to 393, ending
with the amino acids Ser-Asp-Thr. Fit1 Ig domain 2 extends from
nucleotide 394 to 687 (encoding Gly-Arg-Pro to Asn-Thr-lle), and Fit1
fg domain 3 extends from nucleotides 688 to 996 (encoding lle-Asp-Val
to Asp-Lys-Ala). There is a bridging amino acid sequence, Gly-Pro-Gly,
encoded by nucleotides 997-1005, followed by the nucleotide sequence
encoding human Fc (nucleotides 1006-1701 or amino acids Glu-Pro-Lys

to Pro-Gly-Lys-stop).

A more detailed analysis of the FIt1 amino acid sequence reveals that
there is a cluster, namely, amino acid residues 272-281 (KNKRASVRR)
of Figure 10A-10D, in which 6 out of 10 amino acid residues are basic.
This sequence is located in Flt1 Ig domain 3 of the receptor (see Figure
11), which is not itself essential for binding of VEGF ligand, but which
confers a higher affinity binding to ligand. An alignment of the
sequence of Ig domain 3 with that of Ig domain 2 reveals that in this
region, there is very poor alignment between the two Ig domains, and
that there are about 10 additional amino acids in Ig domain 3. An
analysis of the hydrophilicity profiles (MacVector computer software)
of these two domains clearly indicates the presence of a hydrophilic
region in the protein (Figure 12A-12B). These observations raised the
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possibility that the actual three dimensional conformation of Flt1 Ig
domain 3 allowed for some type of protrusion that is not in Flt1 Ig
domain 2. To test this hypothesis, the 10 additional amino acids were
deleted and the resulting protein was tested to see whether the
deletion would affect the pharmacokinetics favorably without seriously
compromising the affinity of the receptor for VEGF. This DNA
construct, which was constructed using standard molecular biology
techniques (see e.g., Molecular Cloning, A Laboratory Manual (Sambrook,
et al.,, Cold Spring Harbor Laboratory), Current Protocols in Molecular
Biology (Eds. Ausubel, et al., Greene Publ. Assoc., Wiley-Interscience,
NY) in the mammalian expression vector pMT21 (Genetics Institute, Inc.,
Cambridge, MA), is referred to as Mut1: FIt1(1-3,5)-Fc. The Muti:
Flt1(1-3,g)-Fc construct was derived from FIt1(1-3)-Fc by deletion of
nucleotides 814-843 (set forth in Figure 10A-10D), which deletes the
highly basic 10-amino acid residue sequence Lys-Asn-Lys-Arg-Ala-

Ser-Val-Arg-Arg-Arg from FIt1 Ig domain 3.

The final DNA construct was sequence-verified using an ABI 373A DNA
sequencer and Taq Dideoxy Terminator Cycle Sequencing Kit (Applied
Biosystems, Inc., Foster City, CA). The sequence of Mut1: FIt1(1-3,5)-
Fc is set forth in Figure 13A-13D.

52

0115



10

15

20

25

WO 00/75319 PCT/US00/14142

Example 12: Construction of FIt1(1-3)-Fc basic region

deletion mutant designated Mut2: Fit1(2-3 &)-Fc.

A second deletion mutant construct, designated Mut2: FIt1(2-3,5)-Fc,
was derived from the Muti: FIt1(1-3,5)-Fc construct by deletion of FIt1
lg domain 1 encoded by nucleotides 79-393 (see Figure 10A-10D); for
convenience, nucleotides 73-78 (TCA GGT) were changed to TCC GGA.
This introduced a restriction site (BspE1) without altering the
associated amino acid sequence, Ser-Gly. This DNA construct, which
was constructed using standard molecular biology techniques (see e.g.,
Molecular Cloning, A Laboratory Manual (Sambrook, et al., Cold Spring
Harbor Laboratory), Current Protocols in Molecular Biology (Eds.
Ausubel, et al., Greene Publ. Assoc., Wiley-Interscience, NY) in the
mammalian expression vector pMT21 (Genetics Institute, Inc.,
Cambridge, MA), was also sequence-\}erified using an ABI 373A DNA
sequencer and Taq Dideoxy Terminator Cycle Sequencing Kit (Applied
Biosystems, Inc., Foster City, CA). The sequence of Mut2: FIt1(2-3,5)-

Fc is set forth in Figure 14A-14C.

Example 13: Construction of FIt1(1-3)-Fc deletion mutant

designated Mut3: FIt1(2-3)-Fc.

A third deletion mutate construct, designated Mut3: FIt1(2-3)-Fc, was
constructed the same way as the Mut2: FIt1(2-3,5)-Fc construct,
except that Flt1 Ig domain 3 was left intact (the basic region amino
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acids were not deleted). The construct was constructed using standard
molecular biology techniques and the final construct was sequence-
verified as described supra. The sequence of Mut3: FIt1(2-3)-Fc is set

forth in Figure 15A-15C.

Example 14: Construction of FIt(1-3)-Fc basic region N-

glycosylation mutant designated Mut4: Fit1(1-3 5 _,)-Fc.

A final construct was made in which a N-glycosylation site was
introduced into the middle of the basic region of FIt1 Ig domain 3. This
construct was designated Mut4: FIt1(1-3z_,\)-Fc and was made by
changing nucleotides 824-825 from GA to AC, consequently changing
the coded Arg residue (AGA) into an Asn residue (AAC) (see Figure 10A-
10D). The resulting amino acid sequence is therefore changed from
Arg-Ala-Ser to Asn-Ala-Ser, which matches the canonical signal (Asn-
Xxx-Ser/Thr) for the addition of a N-glycosylation site at the Asn
residue. The sequence of Mut4: FIt1(1-3gz.,y)-Fc is set forth in Figure

16A-16D.

Example 15: Characterization of acetylated Fit1(1-3)-Fc,
Mut1: FIt1(1-3,5)-Fc, and Mut4: Fit1(1-3;_ y)-Fc mutants.

(a.) Binding to extracellular matrix components

To determine whether the three modified proteins were more or less
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likely to have improved pharmacokinetic properties, Matrigel coated
96-well dishes (as described supra ) were incubated with varying
concentrations of the mutant proteins and detected with anti-human
Fc/alkaline-phosphatase conjugated antibodies. As shown in Figure 18,
this experiment showed that while the unmodified FIt1(1-3)-Fc protein
could bind avidly to these wells, the Mut3: Flt1(2-3)-Fc protein bound
somewhat more weakly, the Muti: FIt1(1-3,5)-Fc protein bound more
weakly still, and the Mut2: FIt1(2-3,5)-Fc protein showed the best
profile, binding more weakly than any of the other mutant proteins. The
Mut4: FIt1(1-35_,5)-FC glycosylation mutant protein showed only
marginal benefit on the Matrigel assay. These results confirm the
hypothesis that a linear sequence of positive amino acids can be
deleted from the primary sequence resuiting in a decrease in charge

interaction with extracellular matrix components.

(b.) Binding of Muti: FIt1(1-3,5)-Fc and Mut4: FIt1(1-3g_,)-

Ec in a Biacore-based assay.

Unmodified and acetylated FIt1(1-3)-Fc and genetically modified Mut1:
Flt1(1-3,g)-Fc and Mut4: FIt1(1-35_,\)-Fc proteins where tested in a
Biacore-based assay to evaluate their ability to bind to the FIt1 ligand,
VEGF. In this assay, unmodified FIt1(1-3)-Fc protein (0.25, 0.5, or 1.0
pug/ml) was immobilized on the surface of a Biacore chip (see Biacore
Instruction Manual, Pharmacia, Inc., Piscataway, NJ, for standard
procedures) and a solution containing 0.1 pg/ml VEGF and either
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purified or COS cell supernatant containing unmodified FIt1(1-3)-Fc (at
approximately (0.25, 0.5, or 1.0 pg/ml), purified acetylated FIt1(1-3)-
Fc (at (0.25, 0.5, or 1.0 ug/ml), COS cell supernatant containing Mut1:
Flt1'(1-3AB)-Fc (at approximately (0.25, 0.5, or 1.0 ug/ml), or COS cell
supernatant containing Mut4: Flt1(1-35_,\)-Fc (at approximately (0.25,
0.5, or 1.0 ug/ml) were passed over the Fit1(1-3)-Fc-coated chip. As
shown in Figure 17, at the sub-stoichiometric ratio (0.25 pg/ml
Fit1(1-3)-Fc of unmodified, acetylated or genetically modified samples
vs. 01. pg/ml VEGF), there is insufficient FIt1(1-3)-Fc protein to block
binding of VEGF to the Flt1(1-3)-Fc immobilized on the Biacore chip.
At 0.5 ug/ml of unmodified, acetylated or genetically modified Flt1(1-
3)-Fc proteins, the stoichiometric ratio approximates 1:1 and there is
an increased ability to block VEGF binding to the Biacore chip. At 1.0
ug/ml of unmodified, acetylated or genetically modified FIt1(1-3)-Fc
proteins, which is approximately a 10:1 stoichiometric ratio, the
Flt1(1-3)-Fc proteins are able to block binding of VEGF to the Biacore
chip, but they are not equivalent. Unmodified, acetylated, and Mut1:
FIt1(1-3,g)-Fc are essentially equal in their ability to block VEGF
binding, whereas Mut4: Fit1(1-3g_,,)-Fc is somewhat less efficient at
blocking binding. These results confirm the hypothesis that it is
possible to reduce the non-specific binding of a positively charged
molecule by genetically removing a linear sequence of predominantly

negatively charged amino acids.
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(c.) Binding of Mut1: F|t1(1-3i)-Fc. Mut2: Fit1 (2-3&)-Fc.
Mut3: FIt1(2-3)-Fc, and in an ELISA-based assay.

To determine whether the three mutant proteins could bind the FIt1
ligand VEGF, binding experiments were done in which 96-well plates
coated with VEGF were incubated with varying concentrations of the
respective mutant protein, and after washing, the amount bound was
detected by incubating with an alkaline phosphatase conjugated anti-
human Fc antibody and quantitated colorimetrically by the addition of
an appropriate alkaline phosphatase substrate. As shown in Figure 19,
this experiment showed that all the mutant proteins could bind VEGF

similarly, at the concentrations tested.

Example 16: Pharmacokinetic analysis of acetylated FIt1(1-

3)-Fc, Mut1t: FIt1(1-3&)-Fc4and unmodified Fit1(1-3)-Fc.

In vivo experiments were designed to assess the pharmacokinetic
profiles of unmodified FIt1(1-3)-Fc, Muti: FIt1(1-3,5)-Fc, and 40 fold
molar excess acetylated FIt1(1-3)-Fc protein. Balb/c mice (25-30g)
were injected subcutaneously with 4mg/kg of unmodified FIt1(1-3)-Fc,
40 fold molar excess acetylated Flt1(1-3)-Fc, and Muti: Flt1(1-3,5)-Fc
proteins (4 mice each). These mice were tail bled at 1, 2, 4, 6, 24
hours, 2 days, 3 days, and 5 days after injection. The sera were
assayed ih an ELISA designed to detect Fit1(1-3)-Fc protein which
involves coating an ELISA plate with VEGF, binding the Fit1(1-3)-Fc and
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reporting with an anti-Fc antibody linked to alkaline phosphatase. As
shown in Figure 20, the Cmax for these reagents was as follows:
Unmodified Fit1(1-3)-Fc - 0.15pg/ml; 40 fold molar excess acetylated
Fit1(1-3)-Fc - 1.5ug/ml; and Mutl: FIt1(1-3,g)-Fc - 0.7pg/ml.

Example 17: Modified Fit1 receptor vector construction

The rationale for constructing modified versions of the FIt1 receptor
(also known as VEGFR1) was based on the observation that the protein
sequence of FIt1 was highly basic, and was therefore likely to stick to
extracellular matrix (ECM). The highly basic nature of Flt1 probably
explains why unmodified FIt1(1-3)-Fc (described supra) has poor
pharmacokinetics that make it difficult to use as a therapeutic agent.
As described supra, the chemically modified form of 40 fold molar
excess acetylated FIt1(1-3)-Fc, hereinafter termed A40, exhibited a
greatly improved pharmacokinetic (PK) profile over the non-acetylated
Flt1(1-3)-Fc. Therefore, attempts were made to engineer DNA
molecules that could be used to recombinantly express modified forms
of a Flt1 receptor molecule that would possess the improved PK profile

exhibited by A40 and still maintain the ability to bind tightly to VEGF.

It is known in the literature that the first Ig domain of Flt1 (which has
a net charge of +5 at neutral pH) is not essential for tight binding to
VEGF, so this domain was deleted. The third Ig domain (having a net
charge of +11) is not essential for binding, but confers higher affinity
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for VEGF than the second Ig domain, so instead of deleting it entirely, it

was replaced with the equivalent domains of the FIt1 receptor

relatives FIk1 (also known as VEGFR2) and Flt4 (also known as VEGFRS3).

These chimeric molecules (denoted R1R2 (Fit1.D2.Flk1D3.FcAC1(a) and
VEGFR1R2-FcAC1(a) and R1R3 (FIt1D2.VEGFR3D3-FcAC1(a) and
VEGFR1R3-FcAC1(a) respectively, wherein R1 and Fit1D2 = Ig domain 2

of Flt1 (VEGFR1); R2 and FIk1iD3 = Ig domain 3 of Flk1 (VEGFR2); and R3
and VEGFR3D3 = Ig domain 3 of Fit4 (VEGFR3)) were much less sticky to

ECM, as judged by an in vitro ECM binding assay as described infra , had
greatly improved PK as described infra. In addition, these molecules
were able to bind VEGF tightly as described infra and block
phosphorylation of the native Flk1 receptor expressed in endothelial

cells as described infra.

(a) Construction of the expression plasmid

pFIt1D2.FIk1D3.FcAC1(a)

Expression plasmids pMT21.FIt1(1-3).Fc (6519bp) and pMT21.Flk-1(1-
3).Fc (5230bp) are plasmids that encode ampicillin resistance and Fc-
tagged versions of Ig domains 1-3 of human Flt1 and human Flk1,
respectively. These plasmids were used to covnstruct a DNA fragment
consisting of a fusion of Ig domain 2 of FIt1 with |g domain 3 of Flk1,
using PCR ampilification of the respective |g domains followed by

further rounds of PCR to achieve fusion of the two domains into a
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single fragment. For Ig domain 2 of Flt1, the 5' and 3' amplification

primers were as follows:

5' bsp/fit1D2 (5'-GACTAGCAGTCCGGAGGTAGACCTTTCGTAGAGATG-3")

3" FIt1D2-FIk1D3.as (5-CGGACTCAGAACCACATCTATGATTGTATTGGT-3")

The 5' amplification primer encodes a BspE1 restriction enzyme site
upstream of 1g domain 2 of Fit1, defined by the amino acid sequence
GRPFVEM (corresponding to amino acids 27-33 of Figure 21A-21C). The
3' primer encodes the reverse complement of the 3’ end of Flt1 Ig
domain 2 fused directly to the 5’ beginning of Flk1 Ig domain 3, with
the fusion point defined as THD of Flt1 (corresponding to amino acids
123-126 of Figure 21A-21C) and continuing into VVLS (corresponding

to amino acids 127-130 of Figure 21A-21C) of Flk1.

For Ig domain 3 of Flk1, the 5' and 3' amplification primers were as

follows:

5 FIt1D2-FIk1D3.s (5'-ACAATCATAGATGTGGTTCTGAGTCCGTCTCATG
G-3)

3. Flk1D3/apa/sr.as (5-GATAATGCCCGGGCCCTTTTCATGGACCCTGAC
AAATG-3')
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The 5" amplification primer encodes the end of Flt1 Ig domain 2 fused
directly to the beginning of Flk1 Ig domain 3, as described above. The
3’ amplification primer encodes the end of Flk1 Ig domain 3, defined by
the amino acids VRVHEK (corresponding to amino acids 223-228 of
Figure 21A-21C), followed by a bridging sequence that includes a
recognition sequence for the restriction enzyme Srf1, and encodes the
amino acids GPG. The bridging sequence corresponds to amino acids

229-231 of Figure 21A-21C.

After a round of PCR amplification to produce the individual domains,
the products were combined in a tube and subjected to a further round
of PCR with the primers bsp/fltiD2 and Flk1D3/apa/srf.as (described
supra) to produce the fusion product. This PCR product was
subsequently digested with the restriction enzymes BspEl and Smal and
the resulting 614bp fragment was subcloned into the BspEl to Srfl
restriction sites of the vector pMT21/AB2.Fc, to create the plasmid
pMT21/FIt1D2.FIk1D3.Fc. The nucleotide sequence of the FIt1D2-FIk1D3
gene fusion insert was verified by standard sequence analysis. This
plasmid was then digested with the restriction enzymes EcoRI and Srfl
and the resulting 702bp fragment was transferred into the EcoRIl to Srfl
restriction sites of the plasmid pFlt1(1-3)B2-FcAC1(a) to produce the
plasmid pFIt1D2.FIk1D3.FcAC1(a). The complete DNA and de'duced amino
acid sequences of the FIt1D2.FIk1D3.FcAC1(a) chimeric molecule is set

forth in Figure 21A-21C.
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(b) _Construction of the expression plasmid

pFIt1D2VEGFR3D3FcAC1(a)

The expression plasmid pMT21.Flt1(1-3).Fc (6519bp) encodes ampicillin
resistance and an Fc-tagged version of Ig domains 1-3 of human Flt1
receptor. This plasmid was used to produce a DNA fragment containing
Ig domain 2 of FIt1 by PCR. RNA from the cell line HEL921.7 was used
to produce Ig domain 3 of FIk1, using staﬁdard RT-PCR methodology. A
further round of PCR amplification was used to achieve fusion of the
two Ig domains into a single fused fragment. For Ig domain 2 of Fit1,

the 5' and 3' amplification primers were as follows:
5" bsp/flt1D2 (5'-GACTAGCAGTCCGGAGGTAGACCTTTCGTAGAGATG-3")

3': FIt1 D2.VEGFR3D3.as(TTCCTGGGCAACAGCTGGATATCTATGATTGTA
TTGGT)

The 5' amplification primer encodes a BspE1 restriction site upstream
of Ig domain 2 of Flt1, defined by the amino acid sequence GRPFVEM
(corresponding to amino acids 27-33 of Figure 22A-22C). The 3
amplification primer encodes the reverse complement of the end of Fit1
Ig domain 2 fused directly to the beginning of VEGFR3 Ig domain 3, with
the fusion point defined as TIID of FIt1 (corresponding to amino acids
123-126 of Figure 22A-22C) and continuing into IQLL of VEGFR3
(corresponding to amino acids 127-130 of Figure 22A-22C).
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For Ig domain 3 of VEGFRS3, the 5' and 3' primers used for RT-PCR were

as follows:

5" R3D3.s (ATCCAGCTGTTGCCCAGGAAGTCGCTGGAGCTGCTGGTA)

3 R3D3.as (ATTTTCATGCACAATGACCTCGGTGCTCTCCCGAAATCG)

Both the 5’ and 3’ amplification primers match the sequence of VEGFRS3.
The 296bp amplification product of this RT-PCR reaction was isolated
by standard techniques and subjecteq to a second round of PCR to add
suitable sequences to allow for fusion of the FIt1D2 with the FIk1D3
domains and fusion of the FIk1D3 and Fc domains via a GPG bridge (see

below). The amplification primers were as follows:

5"FIt1D2.VEGFR3D3.s
(TCATAGATATCCAGCTGTTGCCCAGGAAGTCGCTGGAG)

3': VEGFR3D3/srf.as
(GATAATGCCCGGGCCATTTTCATGCACAATGACCTCGGT)

The 5’ amplification primer encodes the 3’ end of Flt1 Ig domain 2

fused directly to the beginning (5’ end) of VEGFRS3 Ig domain 3, as

described above. The 3’ amplification primer encodes the 3’ end of

VEGFRS3 Ig domain 3, defined by the amino acids VIVHEN (corresponding
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to amino acids 221-226 of Figure 22A-22C), followed by a bridging

sequence that includes a recognition sequence for Srf1, and encodes the

amino acids GPG. The bridging sequence corresponds to amino acids

227-229 of Figure 22A-22C.

After one round (for Flt1 Ig domain 2) or two rounds (for Flt4 Ig domain
3) of PCR to produce the individual Ig domains, the PCR products were
combined in a tube and subjected to a further round of PCR
amplification with the amplification primers bsp/fit1D2 and
VEGFR3D3/srf.as described supra, to produce the fusion product. This
PCR product was subsequently digested with the restriction enzymes
BspEl and Smal and the resulting 625bp fragment was subcloned into
the BspEl to Srfl restriction sites of the vector pMT21/FIt1AB2.Fc
(described supra), to create the plasmid pMT21/FIt1D2.VEGFR3D3.Fc.
The sequence of the Fit1D2-VEGFR3D3 gene fusion insert was verified
by standard sequence analysis. This plasmid was then digested with
the restriction enzymes EcoRIl and Srfl and the resulting 693bp
fragment was subcloned into the EcoRIl to Sril restriction sites of the
plasmid pFlt1(1-3)AB2-FcAC1(a) to produce the plasmid designated
pFlt1D2.VEGFR3D3.FcAC1(a). The complete DNA deduced amino acid
sequence of the FIt1D2.VEGFR3D3.FcAC1(a) chimeric molecule is set

forth in Figure 22A-22C.
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Example 18: Extracellular Matrix Binding (ECM) Binding Assay

ECM-coated plates (Becton Dickinson catalog # 35-4607) were
rehydrated with warm DME supplemented with glutamine (2mM), 100U
penicillin, 100U streptomycin, and 10% BCS for at least 1 hr. before
adding samples. The plates were then incubated for 1 hr. at room
temperature with varying concentrations of Fit1D2.FIk1D3.FcAC1(a) and
FIt1D2.VEGFR3D3.FcAC1(a) starting at 10nM with subsequent 2-fold
dilutions in PBS plus 10% BCS. The plates were then washed 3 times
with PBS plus 0.1% Triton-X and incubated with alkaline phosphatase-
conjugated anti-human Fc antibody (Promega, 1:4000 in PBS plus 10%
BCS) for 1 hr. at room temperature. The plates were then washed 4
times with PBS 0.1% Triton-X and alkaline phosphatase buffer/pNPP
solution (Sigma) was added for color development. Plates were read at
| = 405-570nm. The results of this experiment are shown in Figure 23
and demonstrate that the FIt1D2.FIk1D3.FcAC1(a) and
FIt1D2.VEGFR3D3.FcAC1(a) proteins are considerably less sticky to the

ECM as compared to the Flt1(1-3)-Fc protein.

Example 19: Transient expression of pFIt1D2.FIk1D3.FcAC1(a)

in CHO-K1 (E1A) cells

A large scale (2L) culture of E. coli DH10B cells carrying the

pFIt1D2.FIk1D3.FcAC1(a) plasmid described supra in Example 17(a) was

grown overnight in Terrific Broth (TB) plus 100pg/ml ampicillin.  The
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next day, the plasmid DNA was extracted using a QlAgen Endofree
Megaprep kit following the manufacturer's protocol. The concentration
of the purified plasmid DNA was determined by standard techniques
using a UV spectrophotometer and fluorometer. The plasmid DNA was
verified by standard restriction enzyme digestion of aliquots using the
restriction enzymes EcoORI plus Notl and Asel. All restriction enzyme
digest fragments corresponded to the predicted sizes when analyzed on

a 1% agarose gel.

Forty 15 cm petri plates were seeded with CHO-K1/E1A cells at a
density of 4 x 106 cells/plate. Plating media was Gibco Ham’s F-12
supplemented with 10% Hyclone Fetal Bovine Serum (FBS), 100U
penicillin/100U streptomycin and glutamine (2mM). The following day
each plate of cells was transfected with 6 ug of the
pFit1D2.Flk1D3.FcAC1(a) plasmid DNA using Gibco Optimem and Gibco
Lipofectamine in 12 ml volume, following the manufacturer’s protocol.
Four hours after adding the transfection mix to the cells, 12 ml/plate
of Optimem supplemented with 10% FBS was added. Plates were
incubated at 37°C in a 5% CO, incubator overnight. The following day
the media was rémoved from each plate and 25 ml expression media
(Gibco CHO-S-SFM Il supplemented with glutamine (2mM) and 1mM
sodium butyrate) was added. The plates were incubated at 37°C for 3
days. After 3 days of incubation, the media was aspirated from each

plate and centrifuged at 400 rpm in a swinging bucket rotor to pellet
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cells. The supernatant was decanted into sterile 1L bottles and

purification of the expressed protein was performed as described infra.

Example 20: Construction pVEGFR1R2-FcAC1(a) expression

vector

The pVEGFR1R2.FcAC1(a) expression plasmid was constructed by
insertion of DNA encoding amino acids SDT (corresponding to amino
acids 27-29 of Figure 24A-24C) between Flit1d2-Flk1d3-FcAC1(a)
amino acids 26 and 27 of Figure 21A-21C (GG) and removal of DNA
encoding amino acids GPG corresponding to amino acids 229-231 of
Figure. The SDT amino acid sequence is native to the FIt1 receptor and
was added back in to decrease the likelihood of heterogeneous N-
terminal processing. The GPG (bridging sequence) was removed so that
the Fit1 and FlIk1 Ig domains were fused directly to one another. The
complete DNA and deduced amino acid sequences of the

pVEGFR1R2.FcAC1(a) chimeric molecule is set forth in Figure 24A-24C.

Example 21: Cell Culture Process Used to Produce Modified

Fit1 Receptors

(a)_Cell Culture Process Used to Produce

FIt1D2.FIk1D3.FcAC1(a)

‘The process for production of Fit1D2.FIk1D3.FcAC1(a) protein using the
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expression plasmid pFIt1D2.FIk1D3.FcAC1(a) described supra in.Example
1 involves suspension culture of recombinant Chinese hamster ovary
(CHO K1/E1A) cells which constitutively express the protein product.
The cells are grown in bioreactors and the protein product is isolated
and purified by affinity and size exclusion chromatography. The

process is provided in greater detail below..

Cell Expansion

Two confluent T-225 cm? flasks containing the Fit1D2.FIk1D3.FcAC1(a)
expressing cell line were expanded by passaging cells into eight T-225
cm? flasks in medium (GMEM + 10% serum, GIBCO) and incubated at 37°C
and 5% CO,. When the flasks approached confluence (approximately 3 to
4 days) the cells were detached using trypsin. Fresh medium was added
to protéct the cells from further exposure to the trypsin. The cells

were centrifuged and resuspended in fresh medium then transferred to
eight 850 cm? roller bottles and incubated at 37°C and 5% CO, until

confluent.

" Suspension_ Culture in_Bioreactors

Cells grown in roller bottles were trypsinized to detach them from the
surface and washed with suspension culture medium. The cells are
aseptically transferred to a 5L bioreactor (New Brunswick Celligen
Plus) where the cells are grown in 3.5L of suspension culture. The
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suspension culture medium was a glutamine-free low glucose
modification of IS-CHO (Irvine Scientific) to which 5% fetal bovine
serum (Hyclone), GS supplement (Life Technologies) and 25 uM
methionine sulfoximine (Sigma) was added. The pH was controlled at
7.2 by addition of carbon dioxide to the inlet gas or by addition of a
liquid solution of sodium carbonate to the bioreactor. Dissolved oxygen
level was maintained at 30% of saturation by addition of oxygen or
nitrogen to the inlet gas and temperature controlled at 37°C. When a
density of 4 x108 cells/mL was reached the cells were transferred to a
40L bioreactor containing the same medium and setpoints for
controlling the bioreactor. The temperature setpoint was reduced to
34°C to slow cell growth and increase the relative rate of protein

expression.

(b) Cell Culture Process Used to Produce

FIt1D2.VEGFR3D3.FcAC1(a)

The same methodologies as described supra for FIt1D2.Flk1D3.FcAC1(a)

were used to produce FIit1D2.VEGFR3D3.FcAC1(a).

Example 22: Harvest and Purification of Modified Fit1

Receptors
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(a) Harvest and Purification of FIt1D2.FIk1D3.FcAC1(a)

The product protein was aseptically harvested from the bioreactor
while retaining cells using Millipore Prostak tangential-flow filtration
modules and a low-shear mechanical pump (Fristam). Fresh medium
was added to the bioreactor to replace that removed during the harvest
filtration. Approximately 40L of harvest filtrate was then loaded onto
a 400 mL column containing Protein A Sepharose resin (Amersham
Pharmacia). After loading the resin was washed with buffer containing
10 mM sodium phosphate, 500 mM sodium chloride, pH 7.2 to remove any
unbound contaminating proteins. FIt1D2.FIk1D3.FcAC1(a) protein was
eluted with a pH 3.0 citrate buffer. The eluted protein was neutralized

by addition of Tris base and frozen at -20°C.

Several frozen lots of Flt1D2.FIk1D3.FcAC1(a) protein from the Protein
A step above were thawed, pooled and concentrated using a Millipore
30kD nominal molecular weight cutoff (NMWCOQO) tangential flow
filtration membrane. The protein was transferred to a stirred cell
concentrator (Millipore) and further concentrated to 30 mg/mL using a
30kD NMWCO membrane. The concentrated protein was loaded onto a
size exclusion column packed with Superdex 200 resin (Amersham
Pharmacia) that was equilibrated with phosphate buffered saline plus
5% glycerol. The same buffer was used to run the column. The
fractions corresponding to FIt1D2.FIk1D3.FcAC1(a) dimer were pooled,
sterile filtered through a 0.22 micron filter, aliquoted and frozen.
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(b) Harvest and Purification of FIt1D2.VEGFR3D3.FcAC1(a)

The same methodologies as described supra for Flt1D2.Flk1D3.FcAC1(a)

were used to harvest and purify FIt1D2.VEGFR3D3.FcAC1(a).

Example 23: Phosphorylation Assay for Transiently Expressed

VEGFR2

Primary human umbilical vein endothelial cells (HUVECs), passage 4-6,
were starved for 2 hrs in serum-free DME high glucose media. Samples
containing 40 ng/ml (1nM) human VEGF165, which is a ligand for the
VEGF receptors Fit1, FIk1 and FIt4(VEGFR3) were prepared and were
preincubated for 1 hr. at room temperature with varying amounts of the
modified FIt1 receptors FIt1(1-3)-Fc, FIt1(1-3)-Fc (A40),
Fit1D2FIk1D3.FcAC1(a) and FIt1D2VEGFR3D3.FcAC1(a) in serum-free
DME-high glucose media containing 0.1% BSA. Cells were challenged for
5 minutes with the samples prepared above +/- VEGF165, followed by
whole cell lysis using complete lysis buffer. Cell lysates were
immunoprecipitated with an antibody directed against the C-terminus
of VEGFR2 receptor. The immunoprecipitated lysates were loaded onto
4-12% SDS-PAGE Novex gel and then transferred to PVDF membrane
using standard transfer methodologies. Detection of phosphorylated
VEGFR2 was done by immunoblotting with the anti-phospho Tyrosine
mAb called 4G10 (UBI) and developed using ECL-reagent (Amersham).
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Figures 25A-25C and 26A-26B show the results of this experiment.
Figure 25A-25C reveals that detection by Western blot of tyrosine
phosphorylated VEGFR2(Flk1) by VEGF165 ligand stimulation shows that
cell-surface receptors are phosphorylated to varying levels depending
on which modified FIt1 receptor is used during the preincubations with
VEGF. As is seen in Figure 25A, at a 1.5 molar excess of either Flt1(1-
3)-Fc , FIt1(1-3)-Fc (A40) or transient FIt1D2FIk1D3.FcAC1(a) there is
complete blockage of receptor stimulation by these three modified

Fit1 receptors as compared to control media challenge. In contrast,
transient FIt1D2VEGFR3D3.FcAC1(a) does not show significant blockage
at this molar excess, as compared with VEGF positive control challenge.
Similar results are seen in Figure 25B, where the modified Flt
receptors are in a 3-fold molar excess to VEGF165 ligand. In Figure
25C, where the modified FIt1 receptors are in a 6-fold molar excess to
VEGF165 ligand, transient Fit1D2VEGFR3D3.FcAC1(a) can now be shown
to be partially blocking VEGF165-induced stimulation of cell-surface

receptors.

In Figure 26A-26B, detection by Western blot of tyrosine
phosphorylated VEGFR2(FIk1) by VEGF165 ligand stimulation shows that
cell-surface receptors are not phosphorylated by challenge samples
which have VEGF165 preincubated with 1 and 2 fold molar excess
(Figure 26A) or 3 and 4 fold molar excess (Figure 26B) of either
transient FIt1D2Flk1D3.FcAC1(a), stable FIt1D2FIk1D3.FcAC1(a), or
transient VEGFR1R2-FcAC1(a). At all modified Fit1 receptor
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concentrations tested there is complete binding of VEGF165 ligand
during the preincubation, resulting in no detectable stimulation of cell-
surface receptors by unbound VEGF165 as compared to control media

challenge.

Example 24: Cell Proliferation Bioassay

The test cell population is MG87 cells that have been stably transfected
with a expression plasmid that contains a DNA insert encoding the
VEGFR2(Flk1) extracellular domain fused to the TrkB intracellular
kinase domain, thus producing a ohiméric molecule. The reason the
TrkB intracellular kinase domain was used rather than the native
VEGFR2(Fik1) intracellular kinase domain is that the intracellular
kinase domain of VEGFR2(FIk1) does not cause a strong proliferative
response when siimulated by VEGF165 in these cells. It is known that
MG87 cells containing full length TrkB receptor give a robust
proliferative response when stimulated with BDNF, so the TrkB
intracellular kinase domain was engineered to replace the intracellular
kinase domain of VEGFR2(FIk1) to take advantage of this proliferative

response capability.

5 x 103 cells/well were plated in a 96 well plate and allowed to settle
for 2 hrs at 37°C. The following modified Flt receptors Flt1(1-3)-Fc,
FIt1D2.FIk1D3.FcAC1(a) and Fit1D2.VEGFR3D3.FcAC1(a), plus an
irrelevant receptor termed Tie2-Fc as a negative control, were titrated
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from 40nM to 20pM and incubated on the cells for 1hr at 37°C. Human
recombinant VEGF165 in defined media was then added to all the wells
at a concentration of 1.56nM. The plates were incubated for 72 hrs at
37°C and then MTS (Owen’s reagent, Promega) added and the plates were
incubated for an additional for 4 hrs. Finally, the plates were read on a
spectrophotometer at 450/570nm. The results of this experiment are
shown in Figure 27. The control receptor Tie2-Fc does not block
VEGF165-induced cell proliferation at any concentration whereas
Flt1D2.FIk1D3.FcAC1(a) blocks 1.56nM VEGF165 with a half maximal
dose of 0.8nM. FIt1(1-3)-Fc and FIt1D2.VEGFR3D3.FcAC1(a) are less
effective in blocking VEGF165 in this assay with a half maximal dose
of ~ 2nM. VEGF165 alone gives a reading of 1.2 absorbance units and

the background is 0.38 absorbance units.

Example 25: Binding Stoichiometry of Modified FIt Receptors
to VEGF165

(a) BlAcore Analysis

The stoichiometry of FIt1D2FIk1D3.FcAC1(a) and VEGFR1R2-FcAC1(a)
interaction with human VEGF165 was determined by measuring either
the level of VEGF saturation binding to the Fit1D2FIk1D3.FcAC1(a) or
VEGFR1R2-FcAC1(a) surfaces or measuring concentration of VEGF165
needed to completely prevent binding of Fit1D2FIk1D3.FcAC1(a) or
VEGFR1R2-FcAC1(a) to VEGF BlAcore chip surface.
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Modified Flt receptors FIt1D2FIk1D3.FcAC1(a) and VEGFR1R2-FcAC1(a),
were captured with an anti-Fc specific antibody that was first
immobilized on a Biacore chip (BIACORE) using amine-coupling
chemistry. A blank antibody surface was used as a negative control.
VEGF165 was injected at a concentration of 1 nM, 10 nM, and 50 nM over
the Fit1D2FIk1D3.FcAC1(a) and VEGFR1R2-FcAC1(a) surfaces at 10
ul/min for one hour. A real-time binding signal was recorded and
saturation binding was achieved at the end of each injection. Binding
stoichiometry was calculated as a molar ratio of bound VEGF165 to the
immobilized Fit1D2FIk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a), using the
conversion factor of 1000 RU equivalent to 1 ng/ml. The results
indicated binding stoichiometry of one VEGF165 dimeric molecule per
one FIt1D2FIk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a) molecule (Figure
28).

In solution, FIt1D2Flk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a) at a
concentration of 1nM (estimated to be 1000 times higher than the KD of
the Fit1D2FIk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a)/VEGF165
interaction) were mixed with varied concentrations of VEGF165. After
one hour incubation, concentrations of the free FIt1D2Flk1D3.FcAC1(a)
in solution were measured as a binding signal to an amine-coupled
VEGF165 surface. A calibration curve was used to convert the
FIt1D2FIk1D3.FcAC1(a) BlAcore binding signal to its molar
concentration. The data showed that the addition of 1 nM VEGF165 into
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the FIt1D2FIk1D3.FcAC1(a) solution completely blocked
FIt1D2FIk1D3.FcAC1(a) binding to the VEGF165 surface. This result
suggested the binding stoichiometry of one VEGF165 molecule per one
FIt1D2FIk1D3.FcAC1(a) molecule (Figure 29 and Figure 30). When the
concentration of FIt1D2FIk1D3.FcAC1(a) was plotted as a function of
added concentration of VEGF165, the slope of the linear portion was -
1.06 for FIt1D2FIk1D3.FcAC1(a) and -1,07 for VEGFR1R2-FcAC1(a). The
magnitude of the slope, very close to negative one, was indicative that
one molecule of VEGF165 bound to one molecule of either

FIt1D2FIk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a).

(b) Size Exclusion Chromatography

FIt1D2FIk1D3.FcAC1(a) was mixed with a 3-fold excess of VEGF165 and
the receptor-ligand complex was purified using a Pharmacia Superose 6
size exclusion chromatography column. The receptor-ligand complex
was then incubated in a buffer containing 6M guanidine hydrochloride in
order to dissociate it into its component proteins.
FIt1D2FIk1D3.FcAC1(a) was separated from VEGF165 using Superose 6
size exclusion chromatography column run in 6M guanidium chloride. In
order to determine complex stoichiometry, several injections of
FIt1D2Flk1D3.FcAC1(a) and VEGF165 were made and peak height or peak
integrated intensity was plotted as a function of the concentration of
injected protein. The calibration was done under condition identical to
one used in separating components of FIt1D2FIk1D3.FcAC1(a)/VEGF
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‘complex. Quantification of the FIt1D2FIk1D3.FcAC1(a)/VEGF complex

composition was based on the calibration curves. The results of this
experiment are set forth in Figure 28, which shows the ratio of

VEGF165 to FIt1D2FiIk1D3.FcAC1(a) in a complex to be 1:1.

Example 26: Determination of the Binding Stoichiometry of

FIt11D2Flk1D3.FcAC1(a)/VEGF165 Complex by Size Exclusion

Chromatography

FIt1D2FIk1D3.FcAC1(a)/VEGF165 Complex Preparation

VEGF165 (concentration = 3.61 mg/ml) was mixed with CHO cell
transiently expressed FIt1D2.FIk1D3.FcAC1(a) (concentration = 0.9
mg/ml) in molar ratio of 3:1 (VEGF165:FIt1D2.FIk1D3.FcAaC1(a)) and

incubated overnight at 4°C.

a) Size Exclusion Chromatograph SEC) under native

conditions

To separate the complex from excess of unbound VEGF165, 50 ul of the
complex was loaded on a Pharmacia Superose 12 PC 3.2/30 which was
equilibrated in PBS buffer. The sample was eluted with the same
buffer at flow rate 40ul/min. at room temperature. The results of this
SEC are shown in Figure 31. Peak #1 represents the complex and peak
#2 represents unbound VEGF165. Fractions eluted between 1.1 and 1.2
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ml were combined and guanidinium hydrochloride (GuHCl)was added to a

final concentration 4.5M to dissociate the complex.

(b) Size Exclusion Chromatoqraphy (SEC) under_dissociative

conditions

To separate the components of the receptor-ligand complex and to
determine their molar ratio, 50ul of dissociated complex as described
supra was loaded onto a Superose 12 PC 3.2/30 equilibrated in 6M
GUuHCI and eluted with the same solution at a flow rate 40ul/min. at
room temperature. The results of this SEC are shown in Figure 32.
Peak #1 represents FIt1D2FIk1D3.FcAC1(a) and peak #2 represents

VEGF165.

(c_) Calculation of FIt1D2FIk1D3.FcAC1(a):VEGF165 Complex
Stoichiometry

The stoichiometry of the receptor-ligand complex was determined from
the peak area or the peak height of the components. Concentrations of
VEGF165 and FIt1D2Flk1D3.FcAC1(a) corresponding to the peak height
or peak area, respectively, were obtained from the standard curves for
VEGF165 and FIt1D2FIk1D3.FcAC1(a). To obtain a standard curve, four
different concentrations (0.04 mg/ml -0.3mg/ml) of either component
were injected onto a Pharmacia Superose 12 PC 3.2/30 column
equilibrated in 6M guanidinium chloride and eluted with the same
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solution at flow rate 40ul/min. at room temperature. The standard
curve was obtained by plotting peak area or peak height vs protein
concentration. The molar ratio of VEGF165:FIt1D2FIk1D3.FcAC1(a)
determined from the peak area of the components was 1.16. The molar
ratio of VEGF165:FIt1D2FIk1D3.FcAC1(a) determined from the peak

height of the components was 1.10.

Example 27: Determination of the Stoichiometry of the

FIt1D2FIk1D3.FcAC1(a)/VEGF165 Complex by Size Exclusion

Chromatography with On-Line Light Scattering

Complex preparation

VEGF165 was mixed with CHO transiently expressed
Flt1D2.FIkiD3.FcAC1(a) protein in molar ratio of 3:1

(VEGF165:FIt1D2Flk1D3.FcAC1(a)) and incubated overnight at 4°C.

(a)_Size Exclusion Chromatography (SEC) with On-Line Light
Scattering

Size exclusion chromatography column with a MiniDawn on-line light
scattering detector (Wyatt Technology, Santa Barbara, California) and
refractive index (RI) detectors (Shimadzu, Kyoto, Japan) was used to
determine the molecular weight (MW) of the receptor-ligand complex.
Samples were injected onto a Superose 12 HR 10/30 column
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(Pharmacia) equilibrated in PBS buffer and eluted with the same buffer
at flow rate 0.5 mi/min. at room temperature. As shown in Figure 33,

the elution profile shows two peaks. Peak #1 represents the receptor-

‘ligand complex and peak #2 represents the unbound VEGF165. MW was

calculated from LS and RI signals. The same procedure was used to
determine MW of the individual components of the receptor-ligand
complex. The results of these determinations are as follows: MW of
the FIt1D2FIk1D3.FcAC1(a)/VEGF165 complex at the peak position is
157 300 (Figure 33), the MW of VEGF165 at the peak position is 44 390
(Figure 34) and the MW of R1R2 at the peak is 113 300 (Figure 35).

These data indicated that the stoichiometry of the
FIt1D2Flk1D3.FcAC1(a)/VEGF complex is 1:1 as its corresponds to the
sum of molecular weights for FIt1D2FIk1D3.FcAC1(a) and VEGF165.
Importantly, this method conclusively proved that the
FIt1D2FIk1D3.FcAC1(a)/VEGF165 complex was indeed composed of only
one molecule of VEGF165 ligand and only one molecule of the

FIt1D2FIk1D3.FcAaC1(a).

Example 28: Peptide Mapping_ of FIt1D2.FIk1D3.FcAC1(a)

The disulfide structures and glycosylation sites in
FIt1D2.Flk1D3.FcAC1(a) were determined by a peptide mapping method.
In this method, the protein was first cleaved with trypsin. Tryptic
fragments were analyzed and identified by HPLC coupled with mass
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spectrometry, in addition to an N-terminal sequencing technique.
Reduction of the tryptic digest was employed to help identify
disulfide-bond-containing fragments. Treatment of the tryptic digest
with PNGase F (Glyko, Novato, CA) was employed to help identify
fragments with N-linked glycosylation sites. The results are

summarized in the accompanying Figure 36.

There are a total of ten cysteines in Flt1D2.FIk1D3.FcAC1(a); six of
them belong to the Fc region. Cys27 has been confirmed to be disulfide
bonded to Cys76. Cys121 is confirmed to be disulfide bonded to Cys
182. The first two cysteines in the Fc region (Cys211 and Cys214)
form an intermolecular disulfide bond with the same two cysteines in
another Fc chain. However, because these two cysteines can not be
separated enzymatically from each other, it can not be determined
whether disulfide bonding is occurring between same cysteines
(Cys211 to Cys211, for example) or between Cys211 and Cys214.
Cys216 is confirmed to be disulfide bonded to Cys306. Cys 352 is

confirmed to be disulfide bonded to Cys410.

There are five possible N-linked glycosylation sites in
FIt1D2.FIk1D3.FcAC1(a). All five of them are found to be glycosylated
to varying degrees. Complete glycosylation was observed at Asn33
(amino acid sequence NIT), Asn193 (amino acid sequence NST), and

Asn282 (amino acid sequence NST). In addition, partial glycosylation is
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observed on Asn65 and Asni120. Sites of glycosylation are highlighted

by underline in the Figure 36.

Example 29: Pharmacokinetic Analysis of Modified FIt
BReceptors

(a) Pharmacokinetic analysis of FIt1(1-3)-Fc_(A40),

Flt1D2.Flk1D3.FcAC1(a) and VEGFR1R2-FcACi(a)

Balb/c mice (25-30g) were injected subcutaneously with 4mg/kg of
FIt1(1-3)-Fc (A40), CHO transiently expressed FIt1D2.FIk1D3.FcAC1(a),
CHO stably expressed FIt1D2.FIk1D3.FcAC1(a), and CHO transiently
expressed VEGFR1R2-FcAC1(a). The mice were tail bled at 1, 2, 4, 6,
24hrs, 2 days, 3 days and 6 days after injection. The sera were assayed
in an ELISA designed to detect FIt1(1-3)-Fc (A40),
Flt1D2.Fik1D3.FcAC1(a) or VEGFR1R2-FcAC1(a). The ELISA involves
coating an ELISA plate with VEGF165, binding the detect FIt1(1-3)-Fc
(A40), FIt1D2.FIk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a) and reporting
with an anti-Fc antibody linked to horse radish peroxidase. The results
of this experiments are shown in Figure 37. The T, for Flt1(1-3)-Fc
(A40) was at 6 hrs while the T, for the transient and stable
FIt1D2.FIk1D3.FcAC1(a) and the transient VEGFR1R2-FcAC1(a) was
24hrs. The C, ., for FIt1(1-3)-Fc (A40) was 8ug/ml. For both
transients (Fit1D2.FIk1D3.FcaC1(a) and VEGFR1R2-FcAC1(a)) the C_,,
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was 18ug/ml and the C, ., for the stable VEGFR1R2-FcAC1(a) was

30pg/ml.

b) Pharmacokinetic__analysis of FIlt1(1-3)-F¢c  (A40

FIt1D2.FIk1D3.FcAC1(a) and FIt1D2.VEGFR3D3.FcAC1(a

Balb/c mice (25-30g) were injected subcutaneously with 4mg/kg of
Fit1(1-3)-Fc (A40), CHO transiently expressed FIt1D2.FIk1D3.FcAC1(a)
and CHO transiently expressed FIt1D2.VEGFR3D3.FcAC1(a). The mice
were tail bled at 1,'2, 5,6, 7, 8 12, 15 and 20 days after injection.
The sera were assayed in an ELISA designed to detect FIt1(1-3)-Fc,
FIt1D2.FIk1D3.FcAC1(a) and FIt1D2.VEGFR3D3.FcAC1(a). The ELISA
involves coating an ELISA plate with 165, binding the FIt1(1-3)-Fc,
FIt1D2.FIk1D3.FcAG1(a) or FIt1D2.VEGFR3D3.FcAC1(a) and reporting
with an anti-Fc antibody linked to horse radish peroxidase. FIt1(1-3)-
Fc (A40) could no longer be detected in the serum after day 5 whereas ,
FIt1D2.FIk1D3.FcAC1(a) and FIt1D2.VEGFR3D3.FcAC1(a) were detectable
for 15 days or more. The results of this experiment are shown in Figure

38.

Example 30: Evaluation of the Ability of
FIt1D2.FIk1D3.FcAC1(a) to Inhibit Tumor Growth In_ Vivo

To evaluate the ability of FIt1D2.FIk1D3.FcAC1(a) to inhibit tumor
growth in vivo a model in which tumor cell suspensions are implanted
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subcutaneously on the right flank of male severe combined
immunodeficiency (SCID) mice was employed. Two cell lines, the
human HT-1080 fibrosarcoma cell line (ATCC accession no. CCL-121)
and the rat C6 glioma cell line (ATCC accession no. CCL-107), each of
which exhibit distinctly different morphologies and growth
characteristics, were used in the assay. The first dose of
FIt1D2.Flk1D3.FcAC1(a) (at 25mg/Kg or as indicated in Figures 39 and
40) was given on the day of tumor implantation. Animals subsequently
received subcutaneous injections of FIt1(1-3)-Fc (A40),
Flit1D2.FIk1D3.FcAC1(a) or vehicle either every other day (EOD) or two
times per week (2X/wk) for a period of 2 weeks. After 2 weeks,
animals were perfused with fixative, tumors were removed and
samples were blinded. Tumor volume was determined by measuring the
length and width of visible subcutaneous tumors. ‘Both of FIt1(1-3)-Fc
(A40) and FIt1D2.FIk1D3.FcAC1(a) significantly reduced the growth of
tumors formed by HT-1080 and C6 cells. The results of these

experiments are shown in Figure 39 and Figure 40.

Example 31: The Effect of VEGF165 and Modified FIt

Receptors in Female Reproductive System

The stereotypic pattern of vascular remodeling which occur in the
uterus and ovary over the course of the reproductive cycle has been
well characterized, making these tissues particularly well suited to

the study of mechanisms which regulate angiogenesis, vascular
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remodeling and vascular regression. Indeed, in situ hybridization
studies in the reproductive tissues provided the first clear evidence
that VEGF acts as a mediator of physiological angiogenesis in mature
rodents, as well as humans and non-human primates (Phillips et al,
1990; Ravindranath et al, 1992; Shweiki et al, 1993; Kamat et al,
1995). As cyclic angiogenesis and vascular remodeling are prominent
features of the normal ovary and uterus, it is not surprising that
abnormal blood vessel growth and/or vascular dysfunction have been
found to characterize many pathological conditions which affect these
organs. Furthermore, these pathogenic vascular abnormalities are
thought to be caused or perpetuated by the dysregulated expression of
one or more angiogenic or anti-angiogenic factors, most prominently
VEGF.

For example, abnormal angiogenesis is characteristic of polycystic
ovary disease, endometriosis and endometrial carcinoma, and in each
case VEGF is over expressed in the affected tissue (Kamat et al, 1995;
Shifren et al, 1996; Guidi et al, 1996; Donnez et al, 1998).
Overexpression of VEGF is also thought to play a pathogenic role in the
establishment of systemic vascular hyperpermeability in ovarian
hyperstimulation syndrome (McClure et al, 1994; Levin et al, 1998) and
preeclampsia (Baker et al, 1995; Sharkey et al, 1996). In addition,
VEGF has been implicated as the permeability factor responsible for the
production of ascites associated with ovarian carcinoma and other
tumors (Senger et al, 1983; Boocock et al, 1995). Agents which

effectively neutralize the biological actions of VEGF can reasonably be
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anticipated to be of therapeutic benefit in the above and related

conditions.

Angiogenesis and vascular remodeling are also hallmarks of blastocyst
implantation and placental development (Findlay, 1986). VEGF is
strongly expressed both in the maternal decidua and in embryonic
trophoblasts, where it is thought to first stimulate expansion and
hyperpermeability of the uterine vasculature during the peri-
implantation period and subsequently mediate formation of both the
maternal and embryonic components of the placental vasculature
(Shweiki et al, 1993; Cullinan-Bove and Koos, 1993; Chakraborty et al,
1995; Das et al, 1997). VEGF is also required for luteal angiogenesis
and associated progesterone secretion necessary to prepare the uterus
for implantation (Ferrara et al, 1998). Thus, agents which inhibit the
biological actions of VEGF may prove to be useful as contraceptive
agents (by preventing implantation), or as an abortifacients in the early
stages of gestation. The latter application might find particular use as

a non-surgical intervention for the termination of ectopic pregnancies.

While the expression of VEGF receptors is largely confined to the
vascular endothelium in normal reproductive tissues, Flt1 is also
expressed by trophoblasts in the placenta in both humans and animals
(Clark et al, 1996; He et al, 1999) where it has been proposed to play a
role in trophoblast invasion. Interestingly, both Fit1 and KDR (Flk1) are
expressed by choriocarcinoma cell line BeWo (Charnock-Jones et al,
1994), and VEGF has been shown to promote DNA synthesis and tyrosine

phosphorylation of MAP kinase in these cells. Furthermore, primary and
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metastatic ovarian carcinomas not only to express high levels of VEGF,
but - in addition to the vascular endothelium - the tumor cells
themselves express KDR and/ or Flt1 (Boocock et al, 1995). These
findings suggest that VEGF may not only be critically involved in the
generation and maintenance of tumor vasculature, but that at least in
some tumors of reproductive origin VEGF may subserve an autocrine
role, directly supporting the survival and proliferation of the tumor
cells. Thus agents which block the actions of VEGF may have
particularly beneficial applications to' the treatment of tumors of

reproductive origin.

Methods and Results

(a) Assessment of VEGF-Induced Uterine Hyperpermeability

Pregnant mare’s serum gonadotrophin (PMSG) was injected
subcutaneously (5 IU) to induce ovulation in prepubertal female rats.
This results in a surge of estradiol after 2 days which in turn causes an
induction of VEGF in the uterus. It is reported that this induction
results in hyperpermeability of the uterus and an increase in uterine
wet weight 6 hrs. later and, therefore, could potentially be blocked by
the modified FIt receptors FIt1(1-3)-Fc (A40), FIt1D2.FIk1D3.FcAC1(a)
and FIt1D2.VEGFR3D3.FcAC1(a). In this in vivo model, the normal
weight of the rat uterus is about 50 mg and this can be induced to 300-
350 mg by PMSG. Desiccation of the tissue reveals that this is all

water weight. Subcutaneous injection of Fit1(1-3)-Fc (A40),
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FIt1D2.FIk1D3.FcAC1(a) and FIt1D2.VEGFR3D3.FcaC1(a) at 25mg/kg at
thr. after PMSG injection results in about a 50% inhibition of the
increase in uterine wet weight. Increasing the dose of modified Fit
receptor does not further reduce the increase in wet weight suggesting
that there is a VEGF-independent component to this model. The results

of this experiment are shown in Figure 41.

(a) Assessment of corpus luteum angiogenesis using

progesterone as a readout

Pregnant mare’s serum gonadotrophin (PMSG) is injected
subcutaneously (5 IU) to induce ovulation in prepubertal female rats.
This results in a fully functioning corpus luteum containing a dense
network of blood vessels after 4 days that allows for the secretion of
progesterone into the blood stream in order to prepare the uterus for
implantation. The induction of angiogenesis in the corpus luteum
requires VEGF; therefore, blocking VEGF would result in a lack of new
blood vessels and thus a lack of progesterone secreted into the blood
stream. In this in vivo model, resting levels of progesterone are about
5ng/ml and this can be induced to a level of 25-40ng/ml after PMSG.
Subcutaneous injection of FIt1(1-3)-Fc (A40) or
FIt1D2.FIk1D3.FcAC1(a) at 26mg/kg or 5mg/kg at t1hr. after PMSG
injection results in a complete inhibition of the progesterone induction

on day 4. The results of this experiment are shown in Figure 42A-42B.
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Example 33: Pharmacokinetic_Analysis of Fit1(1-3)-Fc (A40)
and Pegylated FIt1(1-3)-Fc

FIt1(1-3)-Fc was PEGylated with either 10kD PEG or 20kD PEG and
tested in balb/c mice for their pharmacokinetic profile. Both PEGylated
forms of FIt1(1-3)-Fc were found to have much better PK profiles than
Fit1(1-3)-Fc (A40), with the Tmax occurring at 24 hrs. for the

PEGylated molecules as opposed to 6 hrs. for Flt1(1-3)-Fc (A40).

Example 34: VEGF165 ELISA to Test Affinity of Modified Flt1

Receptor Variants

10pM of VEGF165 was incubated overnight at room temperature with
modified Flt1 receptor variants ranging from 160pM to 0.1pM. The
modified FIt1 receptor variants used in this experiment were Fit1(1-
3)-Fc, Fit1(1-3)-Fc (A40), transiently expressed
Fit1D2Flk1D3.FcAC1(a), transiently expressed Flt1D2VEFGFR3D3-
FcAC1(a), Flt1-(1-3yag)-Fc, Flt1(1-35_c)-Fc and Tie2-Fc. Flt1(1-3
nas)-Fc is a modified version of FIt1(1-3)-Fc in which the highly basic
amino acid sequence KNKRASVRRR is replaced by NASVNGSR, resulting
in the incorporation of two new glycosylation sites and a net reduction
of five positive charges, both with the purpose of reducing the
unfavorable effects of this sequence on PK. FIt1(1-3 g_,-)-Fc is a
modification in which a single arginine (R) residue within the same
basic amino acid sequence is changed to a cysteine (C) (KNKRASVRRR ->
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KNKCASVRRR) to allow for pegylation at that residue, which could then
shield the basic region from exerting its unfavorable effects on PK.
After incubation the solution was transferred to a plate containing a
capture antibody for VEGF165 (R&D). The amount of free VEGF165 was
then determined using an antibody to report free VEGF165. This showed
that the modified FIt1 receptor variant with the highest affinity for
VEGF165 (determined as the lowest amount of free VEGF165) was
Fit1D2FIk1D3.FcAC1(a), followed by FIt1(1-3)-Fc and FIt1(1-3)-Fc
(A40) and then by Fit1(1-3g_,c)-Fc, FIt1(1-3yag)-Fc and

FIt1D2VEFGFR3D3-FcAC1(a). Tie2Fc has no affinity for VEGF165.
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WE CLAIM:

1. An isolated nucleic acid molecule encoding a fusion polypeptide
capable of binding a VEGF polypeptide comprising:

(a) a nucleotide sequence encoding a VEGF receptor component
operatively linked to

(b) a nucleotide sequence encoding a multimerizing component,
wherein the VEGF receptor component is the only VEGF receptor
component of the fusion polypeptide and wherein the nucleotide
sequence of (a) consists essentially of a nucleotide sequence encoding
the amino acid sequence of Ig domain 2 of the extracellular domain of a
first VEGF receptor and a nucleotide sequence encoding the amino acid
sequence of |g domain 3 of the extracellular domain of a second VEGF

receptor.

2. The isolated nucleic acid of claim 1 wherein the first VEGF receptor

is Flt1.

3. The isolated nucleic acid of claim 1 wherein the second VEGF

receptor is Flk1.

4. The isolated nucleic acid of claim 1 wherein the second VEGF

receptor is Flt4.
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5. The isolated nucleic acid molecule of claim 1, wherein the
nucleotide sequence encoding Ig domain 2 of the extracellular domain of
the first VEGF receptor is upstream of the nucleotide sequence
encoding |lg domain 3 of the extracellular domain of the second VEGF

receptor.

6. The isolated nucleic acid molecule of claim 1, wherein the
nucleotide sequence encoding Ig domain 2 of the extracellular domain of
the first VEGF receptor is downstream of the nucleotide sequence
encoding |Ig domain 3 of the extracellular domain of the second VEGF

receptor.

7. The isolated nucleic acid molecule of claim 1, wherein the

multimerizing component comprises an immunoglobulin domain.

8. The isolated nucleic acid molecule of claim 1, wherein the
immunoglobulin domain is selected from the group consisting of the Fc

domain of IgG, the heavy chain of IgG, and the light chain of IgG.

9. An isolated nucleic acid molecule comprising a nucleotide sequence
encoding a modified FIt1 receptor fusion polypeptide, wherein the
coding region of the nucleic acid molecule consists of a nucleotide
sequence selected from the group consisting of:

(a) the nucleotide sequence set forth in Figure 13A-13D;

(b) the nucleotide sequence set forth in Figure 14A-14C;
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(c) the nucleotide sequence set forth in Figure 15A-15C;

(d) the nucleotide sequence set forth in Figure 16A-16D;

(e) the nucleotide sequence set forth in Figure 21A-21C

(f) the nucleotide sequence set forth in Figure 22A-22C;

(g) the nucleotide sequence set forth in Figure 24A-24C; and

(h) a nucleotide sequence which, as a result of the degeneracy of
the genetic code, differs from the nucleotide sequence of (a), (b), (¢ ),
(d), (e), (f), or (g) and which encodes a fusion polypeptide molecule
having the biological activity of the modified Fit1 receptor fusion

polypeptide.

10. A fusion polypeptide encoded by the isolated nucleic acid molecule

of claim 1, 2, 3, 4 or 9.

11. A cbmposition capable of binding a VEGF molecule to form a
nonfunctional complex comprising a multimer of the fusion polypeptide
of claim 10.

12. The composition of claim 11, wherein the multimer is a dimer.

13. The composition of claim 12 and a carrier.

14. A vector which comprises the nucleic acid molecule of claim 1, 2,

3, 4 or9.
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15. An expression vector comprising a nucleic acid molecule of claim
1, 2, 3, 4 or 9 wherein the nucleic acid molecule is operatively linked

to an expression control sequence.

16. A host-vector system for the production of a fusion polypeptide
which comprises the expression vector of claim 15, in a suitable host

cell.

17. The host-vector system of claim 16, wherein the suitable host cell

is a bacterial cell, yeast cell, insect cell, or mammalian cell.

18. The host-vector system of claim 16, wherein the suitable host cell

is E. coli.

19. The host-vector system of claim 16, wherein the suitable host cell

is a COS cell.

20. The host-vector system of claim 14, wherein the suitable host cell

is a CHO cell.

21. A method of producing a fusion polypeptide which comprises
growing cells of the host-vector system of claim 16, under conditions
permitting production of the fusion polypeptide and recovering the

fusion polypeptide so produced.
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22. A fusion polypeptide encoded by the nucleic acid sequence set forth
in Figure 10A-10D or Figure 24A-24C, which has been modified by

acetylation or pegylation.

23. The fusion polypeptide of claim 22 wherein the modification is

acetylation.

24. The fusion polypeptide of claim 22 wherein the modification is

pegylation.

25. The fusion polypeptide of claim 23 wherein the acetylation is
accomplished with at least about a 100 fold molar excess of

acetylation reagent.
26. The fusion polypeptide of claim 23 wherein acetylation is
accomplished with a molar excess of acetylation reagent ranging from

at least about a 10 fold molar excess to about a 100 fold molar excess.

27. The fusion polypeptide of claim 24 wherein the pegylation is 10K
or 20K PEG.

28. A method of decreasing or inhibiting plasma leakage in a mammal
comprising administering to the mammal fusion polypeptide of claim

10.
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29. The method of claim 28, wherein the mammal is a human.

30. The method of claim 29, wherein the fusion polypeptide is

acetylated.

31. The method of claim 29, wherein the fusion polypeptide is

pegylated.

32. The fusion polypeptide of claims 10 which specifically binds the
VEGF receptor ligand VEGF.

33. A method of blocking blood vessel growth in a human comprising
administering an effective amount of the fusion polypeptide of claim

10.
34. A method of inhibiting VEGF receptor ligand activity in a mammal
comprising administering to the mammal an effective amount of the

fusion polypeptide of claim 10.

35. The method of claim 34, wherein the mammal is a human.

36. The method of claim 34, used to attenuate or prevent tumor growth

in a human.
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37. The method of claim 34, used to attenuate or prevent edema in a

human.

38. The method of claim 34, used to attenuate or prevent ascites

formation in a human.
39. The method of claim 37, wherein the edema is brain edema.

40. The method of claim 38, wherein the ascites is ovarian cancer

associated ascites.

41. A fusion polypeptide capable of binding a VEGF polypeptide
comprising:

(a a VEGF receptor component operatively linked to

(b) a multimerizing component,
wherein the VEGF receptor component is the only VEGF receptor
component in the fusion polypeptide and consists essentially of the
amino acid sequence of Ig domain 2 of the extracellular domain of a
first VEGF receptor and the arrﬁno acid sequence of Ig domain 3 of the

extracellular domain of a second VEGF receptor.
42. The fusion polypeptide of claim 41 wherein the first VEGF receptor

is FIt1.
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43. The fusion polypeptide of claim 41 wherein the second VEGF

receptor is Flk1.

44. The fusion polypeptide of claim 41 wherein the second VEGF

receptor is FIt4.

45. The fusion polypeptide claim 41, wherein amino acid sequence of Ig
domain 2 of the extracellular domain of the first VEGF receptor is
upstream of the amino acid sequence of Ig domain 3 of the extracellular

domain of the second VEGF receptor.

46. The fusion polypeptide of claim 41, wherein the amino acid
sequence of Ig domain 2 of the extracellular domain of the first VEGF
receptor is downstream of the amino acid sequence of Ig domain 3 of

the extracellular domain of the second VEGF receptor.

47. The fusion polypeptide of claim 41, wherein the multimerizing

component comprises an immunoglobulin domain.

48. The fusion polypeptide of claim 41, wherein the immunoglobulin
domain is selected from the group consisting of the Fc domain of IgG,

the heavy chain of 1gG, and the light chain of IgG.

49. An fusion polypeptide comprising an amino acid sequence of a

modified FIt1 receptor, wherein the amino acid sequence selected from
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the group consisting of:
(a) the amino acid sequence set forth in Figure 13A-13D;
(b) the amino acid sequence set forth in Figure 14A-14C;
(c) the amino acid sequence set forth in Figure 15A-15C;
(d) the amino acid sequence set forth in Figure 16A-16D;
(e) the amino acid sequence set forth in Figure 21A-21C
(f) the amino acid sequence set forth in Figure 22A-22C; and

(g) the amino acid sequence set forth in Figure 24A-24C.

50. A method of decreasing or inhibiting plasma leakage in a mammal
comprising administering to the mammal fusion polypeptide of claim

41, 42, 43, 44 or 49.

51. A method of inhibiting VEGF receptor ligand activity in a mammal

comprising administering to the mammal an effective amount of the

fusion polypeptide of claim 41, 42, 43, 44 or 49,
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*
AGA AAT
TCT TTA
Arg Asn

310

*
GGC TTC
CCG AAG
Gly Phe

370

*
GCA ATC
CGT TAG
Ala Ile

430

*
CCC GAA
GGG CTT
Pro Glu

490

*
CCT AAC
GGA TTIG
Pro Asn

*

TGG
ACC
Trp

AGT
Ser

CIT
Glu

CCG
Gly

TAC
ATG
Tyx

TAT
ATA

ATT
TAA
Ile

ATC
TAG
Ile

*

GAC ACC
CTG TGG
Asp Thr

80

*
GGT TCA
CCA AGT
Gly Ser

140

*
GGC CAG
CCG GTC
Gly Gln

200

*
ATG GTG
TAC CAC
Met Val

260

*
AAA CAA
TTT GTT
Lys Gln

320

*
AGC TGC
TCG ACG
Ser Cys

380

*
ATA TTT
TAT AAA
Ile Phe

440

*
ATA CAC
TAT GTG
Ile His

500

*
ACT GTT
TGA CAA
Thr val

Fig.13A.

GGG
ccc
Gly

Lys

ACA
TGT

AGT

Ser

AAG
Phe

Lys

ATT
TAA
Ile

ATG
TAC
Met

ACT
TGA
Thr

15/55

GTC
CAG
Val

TTA
AAT
Leu

CTG
GAC

AAG

Lys

ACG
Cys

TAT
ATA

AGT

Ser

ACT

*

TTA
AAT
Leu

30
CTG

GAC
Leu

90

Lys
150
CAT
GTA
His

210
CTT
Glu
270
AGT
Ser
330
CTA
GAT
Leu
390
GAT
CTA
Asp
450
CTT
Glu
510

*

AAA
TTT
Lys

C1G
GAC
Leu

GAT
CTA
Asp

GAG
Leu

TCG
Ser

ACT

GCT

Ala

ACA
TGT

GGA
CCT
Gly

AANG
TTC
Lys

ACG
Cys

CCT
GGA
Pro

CAA
GTT
Gln

GAA
CTT
Glu

TTA
AAT
Leu

GTA
CAT
val

GGT
CCA
Gly

*

AGG
TCC
Arg

*

TTT
AAN
Phe

40

*
GCG CTG
CGC GAC
Ala Leu

100

*
GAA CTG
CTT GAC
Glu Leu

160

*
TGC AGG
ACG TCC
Cys Arg

220

*
AGG CTG
TCC GAC
Arg Leu

280

*
ACC TTG
TGG AAC
Thr Leu

340

*
CCT ACT
GGA TGA
Pro Thr

400

*
AGA CCT
TCT GGA
Arg Pro

460

*
GAG CTC
CTC GAG
Glu Leu

520

*
CCA CTT
GGT GAA
Pro Leu

SUBSTITUTE SHEET (RULE 26)

CTC
GAG
Leu

AGT

Ser

ccc
Gly

AGC

Ser

AAC

Asn

AGT
Ser

ARG
Phe

GTC
CAG
Val

GAC
CTG
Asp

PCT/US00/14142

50

®
AGC TGT
TCG ACA
Ser Cys

110

*
TTA AAA
AAT TTT
Leu Lys

170

*
GAA GCA
CTT CGT
Glu Ala

230

*
ATA ACT
TAT TGA
Ile Thr

290

*
ACA GCT
TGT CGA
Thr Ala

350

*
AAMG AAG
TTC TTC
Lys Lys

410

*
GTA GAG
CAT CTC
Val Glu

470

*
ATT CCC
TAA GGG
Ile Pro

530

*
ACT TG
TGA AAC
Thr Leu

CTG
GAC
Leu

CCG
Gly

GCC

Ala

ARA

Lys

GTT
Gln

Lys

ATG
TAC
Met

ACG
Cys

ATC
TAG
Ile

60

CTT CTC
GAA GAG
Leu Leu>
120

ACC CAG
Thr Gln>
180

CAT AAA
GTA TITT
His Lys>
240

TCT GCC
AGA CGG
Ser Ala>
300

GCA AAC
CGT TTG

Ala Asn>

360

GCC CAA
Arg Val>

540
CCT GAT

GGA CTA
Pro Asp>

0177



WO 00/75319

cCcT
Gly

Glu

Lys

ATA
. TAT
Ile

ACA
Cys

*
ARA
TTT

Lys

ATA
TAT
Ile

ACA
TGT

TTA

Leu

GTT

val

AAG
Phe

CGT

Axrg

CGT
Ala

cCcT
GGA
Pro

550

*
CGC ATA
GCG TAT
Arg Ile

610

*
GGG CTT
CCC GAA
Gly Leu

670

*
CAT CGA
GTA GCT
His Arg

730

*
CTT AGA
GRA TCT
Leu Arg

790

*
CAA ATG
GTT TAC
Gln Met

850

*
TAC AGT
ATG TCA
Tyr Ser

910

*
GTA AGG
CAT TCC
Val Arg

970

*
GGC CCG
CCG GGC
Gly Pro

1030
*
GAA CTC
CTT GAG
Glu Leu

Fig.13B.

ATC
TAG
Ile

CTG
GAC
Leu

GTT
Gln

CcCG
Gly

ACC

CCG
Gly

CTG
GAC
Leu

560

*
TGG GAC
ACC CTG
Trp Asp

620

*
ACC TGT
TGG ACA
Thr Cys

680

*
ACC AAT
TGG TTA
Thr Asn

740

*
CAT ACT
GTA TGA
His Thr

800

*
TGG AGT
ACC TCA
Trxp Ser

860

*
CTT ACT
GAA TGA
Leu Thr

920

*
GGA CcCa
CCT GGT
Gly Pro

980

*
GAG CCC
CTC GGG
Glu Pro

1040

*
GGG GGA
ccc cCT
Gly Gly

AGT

Ser

GAA
CTT
Glu

ACA
TGT

CTT

Leu

TAC
ATG

ATT
TAA
Ile

AGT
Ser

AAR
TIT

AGA
CcT
Arg

CGT
Ala

ATC
TAG
Ile

CAG
val

CCT
GGA

GAC

Asp

TCT
AGA

16/55

570
ARG
Lys
630
ACA
TGT
Thr
690
ATA
TAT
Ile
750
CTC
GAG
Leu
810
GAT
CTA

Asp

870

Lys

930

Lys

990

*
TGT
ACA

Lys Ser Cys

*

1050

*

CCG TCA GTC
GGC AGT CAG
Pro Ser Val

SUBSTITUTE SHEET (RULE 26)

CCG
Gly

GTC
CAG
val

GAT
CTA
Asp

AAT
TTA
Asn

CTT
Glu

ATG
TAC
Met

TCT
AGA
Ser

GAC
CTG
Asp

TTC
AAG
Phe

ARG
Phe

AAT
TTA
Asn

GTC
CAG
Val

TGT
ACA
Cys

ATT
TAA
Ile

GTC
Gln

GTT
CAA
val

CTC
GAG
Leu

580

*
ATC ATA
TAG TAT
Ile Ile

640

*
GGG CAT
CCC GTA
Gly His

700

*
CAA ATA
GTT TAT
Gln Ile

760

*
ACT GCT
TGA CGA
Thr Ala

820

*
GAC CAA
CTG GTIT
Asp Gln

880

*
AAC ARA
TG TTT
Asn Lys

940

*
AAC ACC
TG TGG
Asn Thr

1000
*
ACT CAC
TGA GTG
Thr His

1060
*
TTC CCC
AAG GGG
Phe Pro

AGT
Ser

AAC
Leu

ACC

Thr

AGC

Ser

GAC
CTG
Asp

AGT
Ser

ACA
TGT

CCA
GGT
Pro

PCT/US00/14142

590

*
AAT GCA
TTA CGT
Asn Ala

650
*
TAT AAG
ATA TTC
Tyr Lys

710

*
ACA CCA
TGT GGT
Thr Pro

770

*

ACT CCC
TGA GGG
Thr Pro

830

*
AAT TCC
TTA AGG
Asn Ser

890

*
AAA GGA
TTT CCT
Lys Gly

950

*
GTG CAT
CAC GTA
Val His

1010

*
TGC CCA
ACG GGT
Cys Pro

1070

*
AADA CCC
TTT GGG
Lys Pro

ACG

Thr

ACA
TGT
Thr

GCG
Axg

TTG
AAC
Leu

CAT
GTA
His

CTT
GAA
Leu

ATA
TAT
Ile

CCG

Pro

ARG

Lys

600

TAC AAA
ATG TTT
Tyr Lys>

660

AAC TAT
TTG ATA

Asn Tyr>
720
CCA GIC
Pro Val>
780
AAC ACG
Asn Thr>
840
GCC AAC
Ala Asn>
900

TAT ACT
ATA TGA
Tyr Thr>

960
* *
TAT GAT
ATA CTA
Tyr Asp>

1020
* *
TGC CCA
ACG GGT
Cys Pro>

1080
* *
GAC ACC
CTG TGG
Asp Thr>
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WO 00/75319

CCT

Pro

CCG

Pro

Pro

CTG

Leu

CCG
Gly

TAC
ATG

ATG
TAC
Met

GAG
CTC
Glu

CGG
GCC
Axrg

GAC
CTG
Asp

ATC
TAG
Ile

ccc

Pro

AAG
Phe

ARG

Lys

GTG
CAC
val

Fig.13C.

1090

*

ATC TCC

1150
*
GTC AAG
CAG TTC
Val Lys

1210
*
GAG GAG
CTC CTC
Glu Glu

1270
*
GG CTG
ACC GAC
Trp Leu

1330
*
GAG AAA
CTC TTT
Glu Lys

1390
*
CCA TCC
GGT AGG
Pro Ser

1450
*
TAT CCC
ATA GGG
Tyr Pro

1510
*
ACC ACG
TGG TGC
Thr Thr

1570
*
GAC AAG
CTG TTC
Asp Lys

*

1100

*

CGG ACC CCT GAG
TAG AGG GCC TGG GGA
Ile Ser Arg Thr Pro

ANG
Phe

*

CAG
GTC
Gln

AAT
TTA
Asn

*

ACC
TGG
Thr

CGG

Arg

AGC

Ser

ccT

Pro

AGC

Ser

1160

*
AAC TGG
TTG ACC
Asn Trp

1220

*
TAC AAC
ATG TTG
Tyr Asn

1280

*
GGC AAG
CCG TTC
Gly Lys

1340

*
ATC TCC
TAG AGG
Ile Ser

1400

*
GAT GAG
CTA CTC
Asp Glu

1460

*
GAC ATC
CTG TAG
Asp Ile

1520

*
CCC GTG
GGG CAC
Pro Val

1580

*
AGG TGG
TCC ACC
Arg Trp

CTC
Glu

TAC
ATG

AGC

Ser

GAG
CTC
Glu

Lys

CTG
GAC
Leu

GCC

Ala

CTG
GAC
Leu

CAG
GTC
Gln

17/55

1110
* *
GTC ACA
CAG TGT
Val Thr

1170
* *
GTG GAC
CAC CTG
val Asp

1230
* *
ACG TAC
TGC ATG
Thr Tyr

1290
* *
TAC AAG
ATG TIC

Tyr Lys

1350
* *
GCC AAA
GG TTT
Ala Lys

1410
* *
ACC AAG
TGG TTC
Thr Lys

1470
* *
GTG GAG
CAC CTC
vVal Glu

1530
* *
GAC TCC
CTG AGG
Asp Ser

1590
* *
CAG GGG
GTC CCC
Gln Gly

ACG
Cys

Gly

CGT
GCA
Arg

ACG
Cys

cCcC
Gly

AAC

Asn

ACC
Trp

Asp

AMC
TG
Asn

GTG
CAC
val

GTG
CAC
val

GTIG
CAC
val

GTC
Gln

CAG
GTC
Gln

GAG
CTC
Glu

GTC
CAG
val

1120
*
GTIG GTG
CAC CAC
val val

1180
*
GAG GTG
CTC CAC
Glu val

1240
*
GTC AGC
CAG TCG
Val Ser

1300
*
GTC TCC
CAG AGG
Val Ser

1360
*
CCC CGAa
GGG GCT
Pro Arg

1420
*
GTC AGC
CAG TCG
Val Ser

1480
*
AGC AAT
TCG TTA
Ser Asn

1540
*
AGG ARG
Ser Phe

1600
*
TTC TCA
AAG AGT
Phe Ser

SUBSTITUTE SHEET (RULE 26)

GAC
CTG
Asp

CAT
GTA
His

GTC

val

AAC

Asn

CTT
Glu

CTG

Leu

cce
Gly

ACG
cys

PCT/US00/14142

1130

*
GTG AGC
CAC TCG
Val Ser

1190

*
AAT GCC
TTA CGG
Asn Ala

1250

*
CTC ACC
GAG TGG
Leu Thr

1310

*
ARA GCC
TTT CGG
Lys Ala

1370

*
CCA CAG
GGT GTC
Pro Gln

1430

*
ACC TGC
TGG ACG
Thr Cys

1490

*
CAG CCG
GTC GGC
Gln Pro

1550

*
CTC TAC
GAG ATG
Leu Tyr

1610

*
TCC GTG
AGG CAC
Ser val

CAC
GTG
His

ARG

Lys

GTC

val

CTC
GAG
Leu

GTG
CAC
Vval

CTG
GAC
Leu

CTC
Glu

AGC

Ser

ATG
TAC
Met

1140
* *
GAA GAC
CTT CTG
Glu Asp>

1200
* *
ACA ARG
TGT TTIC
Thr Lys>

1260
* *
CTG CAC
GAC GTG
Leu His>

1320
* *
CCA GCC
GGT CGG
Pro Ala>

1380
* *
TAC ACC
ATG TGG
Tyr Thr>

1440
* *
GTC AAA
CAG TTT
Val Lys>

1500
* *
AAC AAC
Asn Asn>

1560
* *
AAG CTC
TTC GAG
Lys Leu>

1620
* *
CAT GAG
GTA CTC
His Glu>
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18/55
Fig.13D.
1630 1640 1650 1660 1670
* * * * * * * * * *

GCT CTG CAC AAC CAC TAC ACG CAG AAG AGC CTC TCC CTG TCT CCG GGT ABDA TGA
CGA GAC GTG TTG GTG ATG TGC GTC TTC TCG GAG AGG GAC AGA GGC CCA TTT ACT
Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys ***>

SUBSTITUTE SHEET (RULE 26)
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WO 00/75319

ATG
TAC
Met

ACA

ATA
TAT
Ile

ACT

Thr

ACC
Trp

ACC

Thr

GTA
His

ACC
Trp

GTC
CAG
val

GGA
cCcT
Gly

CAC
GTG
His

GTT
CAA
val

GAC
CTG
Asp

TGT
ACA
Cys

AAT
TTA
Asn

ACT
TGA
Thr

AGT
TCA
Ser

Fig.14A.

*

AGC TAC
TCG ATG
Ser Tyr

70

*
TCT AGT
AGA TCA
Ser Ser

130

*
ATG ACT
TAC TGA
Met Thr

190

*
ACT TTA
TGA AAT
Thr Leu

250

*
AGT AGA
TCA TCT
Ser Arg

310

*
GAA GCA
CTT CGT
Glu Ala

370

*
ACA ATC
TGT TAG
Thr Ile

430

*
CTT GTC
GAA CAG
Leu Val

490

*
TAC CCT
ATG GGA
Tyr Pro

* *

TGG GAC ACC
ACC CTG TGG
Trp Asp Thr

80

* *
TCC GGA GGT
AGG CCT CCa
Ser Gly Gly

140

* *
GAA GGA AGG
CTT CCT TCC
Glu Gly Arg

200
AAA AAG TTT
Lys Lys Phe

260

* *
AAG GGC TIC
TTC CCG ARG
Lys Gly Phe

320

* *
ACA GTC AAT
TGT CAG TTA
Thr Vval Asn

380

* *
ATA GAT GTC
TAT CTA CAG
Ile Asp Val

440

* *
CTC AAT TGT
GAG TTA ACA
Leu Asn Cys

500

* *
GAT GAA ATT
CTA CTT TAA
Asp Glu Ile

SUBSTITUTE SHEET (RULE 26)

cce
Gly

TCT
Arg

CTC
Glu

CCA
GGT
Pro

ATC
TAG
Ile

GGG
ccc
Gly

CARA
GTT
Gln

ACT

Thr

GAC
CTG
Asp

19/55

GTC
CAG
Val

CCT
GGA
Pro

CTC

Leu

GTA
His

ATA
TAT
Ile

GCT

Ala

*

CAA
GTT
Gln

30

CTG

GAC

Leu

90

AAG

Phe

150

GTC

val

210

GAC

Asp

270

AGT

Ser

330

AAC

Leu

390

AGC

Ser

450

ACC

Thr

510

*

AGC
TCG
Ser

GAC
Leu

GTA
CAT
Val

ATT
TAA
Ile

ACT
TGA

AAT
TTA
Asn

TAT
ATA
Tyx

ACA
TGT

ACT
TGA
Thr

AAT
TTA
Asn

ACG
Cys

GAG
CTC
Glu

CCC

Pro

TTG
ARC
Leu

Lys

CCA
GGT
Pro

ccc

Pro

*
TCC
AGG
Ser

40

*
GCG CTG
CGC GAC
Ala Leu

100

*
ATG TAC
TAC ATG
Met Tyrxr

160

*
TGC CGG
ACG GCC
Cys Arg

220

*
ATC CCT
TAG GGA
Ile Pro

280

*
ACG TAC
TGC ATG
Thr Tyr

340

*
ACA AAC
TGT TIG
Thr Asn

400

*
CGC CCA
GCG GGT
Arg Pro

460

*
TTG AAC
ARC TTG
Leu Asn

520

*
CAT GCC
GTA CGG
His Ala

CTC
GAG
Leu

AGT

Ser

GTT

val

GAT
CTA
Asp

GTC

val

ACG

Thr

AAC

Asn

PCT/US00/14142

50

*
AGC TGT
TCG ACA
Ser Cys

110

*
GAA ATC
CTT TAG
Glu Ile

170

*
ACG TCA
TGC AGT
Thr Ser

230

*
GGA AAA
CCT TTT
Gly Lys

290

*
GAA ATA
CTT TAT
Glu 1Ile

350

*
CTC ACA
GAG TGT
Leu Thr

410

*
AAA TTA
TTT AAT
Lys Leu

470

*
AGA GTT
TCT CAA
Arg Val

530

*
ATA TTC
TAT AAG
Ile Phe

CTG
GAC
Leu

ccec

Pro

CCT

Pro

Arg

CcCC
Gly

CAT
GTA
His

CTT
GAA
Leu

CAA
GTT
Gln

TAC
ATG
Tyr

CTT

Leu

ATA
TAT
Ile

GCT
Arg

AGA
TCT
Arg

ATG
TAC
Met

AGT

Ser

60

CTC
GAG
Leu>

120
ATT
TAA
Ile>
180
ATC
TAG
Ile>
240
ATC
TAG
Ile>
300
CTG

GAC
Leu>

540

GTT
CAA
Val>
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WO 00/75319

CTT ACT
GAA TGA
Leu Thr

GGA CCA
CCT GGT
Gly Pro

GAG CCC

Glu Pro

CCC CCT
Gly Gly

ACC CCT

Thx Pro

TTG ACC
Asn Trp

TAC AAC
ATG TTIG
Tyr Asn

Gly Lys

ATC TCC
TAG AGG
Ile Ser

Fig.14B.

550

*
ATT GAC
TAA CTG
Ile Asp

610

*
TCA TTC
AGT AAG
Ser Phe

670

*
AAA TCT
TTT AGA
Lys Ser

730

*
CCG TCA
GGC AGT
Pro Ser

790

*
GAG GTC
CTC CAG
Glu Val

850

*
TAC GTG
ATG CAC
Tyr Val

910

*
AGC ACG
TCG TGC
Ser Thr

970

*
GAG TAC
CTC ATG
Glu Tyr

1030
*
AAA GCC
TTT CGG
Lys Ala

560

* *
AAA ATG CAG
TTT TAC GTC
Lys Met Gln

620
*
AAA TCT GTT
TTT AGA CaA
Lys Ser Val

*

680

* *
TGT GAC AAA
ACA CTG TTT
Cys Asp Lys

740

* *
GTC TTC CTC
CAG AAG GAG
Val Phe Leu

800

* *
ACA TGC GTG
TGT ACG CAC
Thr Cys Val

860

* *
GAC GGC GTG
CTG CCG CAC
Asp Gly Val

920

* *
TAC CGT GTG
ATG GCA CAC
Tyr Arg Val

980

* *
AAG TGC AAG
TTC ACG TTC

Lys Cys Lys

1040

* *
AAA GGG CAG
TTT CCC GTC
Lys Gly Gln

AAC

Asn

AAC

Asn

ACT

AAG
Phe

GTG
CAC
Val

GAG
CTC
Glu

GTC
CAG
Val

GTC
CAG
val

cCcC
GGG
Pro

20/55

CAC

His

Cccc

Pro

GIG
CAC
Val

GTG
cac
Val

TCG
Ser

TCC
BAGG
Ser

570
GAC
Asp
630
TCA
AGT

Ser

690

AAA

Lys

GTG
CAC
Val

ACA TGC

TGT

750
CCA
Pro
810
GAC
Asp
870
CAT
GTA
His
930
GTC
CAG
val
990

*

AAC
TTG
Asn

1050

*

CGA
GCT
Arg

*

GAA
CTT
Glu

ACG
Cys

Lys

GTG
CcaC
Val

AAT
TTA
Asn

CTC
GAG
Leu

Lys

CCa
GGT
Pro

*
GGA
CcCT
Gly

*

CAT
GTA
His

*

580

*
CTT TAT
GAA ATA
Leu Tyr

640

*
ATA TAT
TAT ATA
Ile Tyr

700

*

CCA CCG TGC

GGT
Pro

ccc

Pro

AGC
TCG
Ser

GCC

Ala

ACC

Thx

GTC
Gln

GGC ACG
Pro Cys

760

*
AAG GAC
TTC CTG
Lys Asp

820

*
CAC GAA
GTG CTT
His Glu

880

*
AAG ACA
TTC TGT
Lys Thr

940

*
GTIC CTG
CAG GAC
val Leu

1000
*
CTC CCA
GAG GGT
Leu Pro

1060
*
GTG TAC
CAC ATG
val Tyr

SUBSTITUTE SHEET (RULE 26)

ACT

GAT
CTA
Asp

CCca
GGT
Pro

ACC

Thr

GAC
CTG
Asp

His

GCC
CGG
Ala

ACC

Thr

PCT/US00/14142

590

*
TGT CGT
ACA GCA
Cys Axg

650

*
AAA GCA
TTT CGT
Lys Ala

710

*
GCA CCT
CGT GGA
Ala Pro

770

x*
CTC ATG
GAG TAC
Leu Met

830

*
CCT GAG
GGA CTC
Pro Glu

890

*
CCG CGG
GGC GCC
Pro Arg

950

*
CAG GAC
GTC CTG
Gln Asp

1010

*
CCC ATC
GGG TAG
Pro Ile

1070

*
CTG CCC
GAC GGG
Leu Pro

GTA
CAT
Val

CCG
Gly

CTT
Glu

ATC
TAG
Ile

GTC
CAG
val

CTC
Glu

ACC
Trp

GAG
CTC
Glu

CCA
GGT
Pro

AGG
TCC
Arg

CCG

Pro

GAG
Leu

TCC

Ser

AAG

Lys

CTC
Glu

CTG
GAC
Leu

600
AGT
Ser>
660
CCG
Gly>

720

Leu>

780

Arg>

840

Phe>
900
CAG
GTC
Gln>
960

TTA
Asn>

1020

AAA ACC
TTT TGG

Lys

TCC

Thr>

1080

CGG

AGG GCC
Ser Arg>
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cccC

Pro

TAC
ATG
Tyr

GAG
CTC
Glu

ATC
TAG
Ile

GTG

val

ACC
Trp

ACG

Thr

Fig.14C.

1090
*
CTG ACC
GAC TGG
Leu Thr

1150
*
GCC GIG
CGG CAC
Ala Vval

1210
*
CTG GAC
GAC CTG
Leu Asp

1270
*
CAG CAG
GTC GTC
Gln Gln

1330
*
CAG AAG
GTC TTC
Gln Lys

AAG

Lys

GAG
CTC
Glu

*
TCC

AGG
Ser

ccC
Gly

TCG
Ser

1100

*
AAC CAG
TTG GTC
Asn Gln

1160

*
TGG GAG
ACC CTC
Trp Glu

1220

*
GAC GGC
CTG CCG
Asp Gly

1280

*
AAC GTC
TTG CAG
Asn Val

1340

*
CTC TCC
GAG AGG
Leu Ser

GTC
CAG
val

AGC
TCG
Ser

TCC
AGG
Ser

TTC
ANG
Phe

CTG
GAC
Leu

21/55

1110
* *
AGC CTG
TCG GAC
Ser Leu

1170
* *
RAT GGG
TTA CCC
Asn Gly

1230
* *
TTC TIC
AAG ARG
Phe Phe

1290
* *
TCA TGC
AGT ACG
Sexr Cys

1350
* *
TCT CCG
AGA GGC
Ser Pro

1120

* *
ACC TGC CTG GTC
TGG ACG GAC CAG
Thr Cys Leu Val

1180

* *
CAG CCG GAG AAC
GTC GGC CTC TTG
Gln Pro Glu Asn

1240

* *
CTC TAC AGC AAG
GAG ATG TCG TTC
Leu Tyr Ser Lys

1300

* *
TCC GTG ATG CAT
AGG CAC TAC GTA
Ser Val Met His

GGT AAA TGA
CCA TTT ACT
Gly Lys ***>

SUBSTITUTE SHEET (RULE 26)
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1130

* *
AAA GGC TTC
TTT CCG AAG
Lys Gly Phe

1190

* *
AAC TAC ARG
TTG ATG TTC
Asn Tyr Lys

1250

* *
CTC ACC GTG
GAG TGG CAC
Leu Thr val

1310

* *
GAG GCT CTG
CTC CGA GAC
Glu Ala Leu

TAT
ATA

ACC

GAC
CTG
Asp

CAC
GTG
His

1140
* *
CCC AGC
GGG TCG
Pro Ser>

1200
* *
ACG CCT
TGC GGA
Thr Pro>

1260
+* *
AAG AGC
TTC TCG
Lys Ser>

1320
* *
AAC CAC
TTG GTG
Asn His>
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ATG
TAC
Met

ACA

Thr

ATA
TAT
Ile

ACC

ACC

ACC

GTA
His

ACC
Trp

GTC
CAG
vVal

cCcT
Gly

CAC
GTG
His

GTT

val

GAC
CTG
Asp

TGT
ACA

Cys

ACT
TGA

AGT

Ser

10

AGC TAC
TCG ATG
Ser Tyr

70

*
TCT AGT
AGA TCA
Ser Ser

130

*
ATG ACT
TAC TGA
Met Thr

190

*
ACT TTA
TGA AAT
Thr Leu

250

*
AGT AGA
TCA TCT
Ser Arg

310

*
GAA GCA
CTT CGT
Glu Ala

370

*
ACA ATC
TGT TAG
Thr Ile

430

*
CTT GTC
GAA CAG
Leu Val

490

*
TAC CCT
ATG GGA
Tyr Pro

Fig.15A.

ACC
Txp

TCC

Ser

CTT
Glu

»

Lys

ATA
TAT
Ile

CIC

Leu

GAT
CTA
Asp

20

GAC ACC
CTG TGG
Asp Thr

80

*
GGA GGT
CCT CCA
Gly Gly

140

*
GGA AGG
CCT TCC
Gly Arg

200

*
AAG TTT
TTC AAA
Lys Phe

260

*
GGC TTC
CCG AAG
Gly Phe

320

*
GTC AAT
CAG TTA
Val Asn

380

*
GAT GTC
CTA CAG
Asp Val

440

*
AAT TGT
TTA ACA
Asn Cys

500

*
GAA AAA
CTT TTT

CcCccC
Gly

AGA
TCT
Arg

CcTC
Glu

CCA
GGT
Pro

ATC
TAG
Ile

ccc
Gly

GTT
Gln

ACT

AAT
TTA

GTC
CAG
Val

CCT

Pro

GTA
His

ATA
TAT
Ile

GCT

Ala

*

ARG
TTC

Glu Lys Asn Lys
SUBSTITUTE SHEET (RULE 26)
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30

CTG

GAC

Leu

g0

ARG

Phe

150

GTC

val

210

GAC

Asp

270

AGT

Ser.

330

Leu

390

AGC

Ser

450

ACC

Thr

510

*

AGA
CT
Arg

CTG
GAC
Leu

GTA
CAT
val

ATT
TAA
Ile

ACT

Thr

TTA
Asn

TAT
ATA

ACA
TGT

ACT
TGA
Thr

GCT
cGAa
Ala

ACG
Cys

GAG
CTC
Glu

AAC
Leu

GCA
CGT
Ala

AMG

Lys

CCA
GGT
Pro

cce

Pro

*

TCC
AGG
Ser

40

*
GCG CTG
CGC GAC
Ala Leu

100

*
ATG TAC
TAC ATG
Met Tyxr

160

*
TGC CGG
ACG GCC
Cys Arg

220

*
ATC CCT
TAG GGA
Ile Pro

280
*
ACG TAC
TGC ATG
Thr Tyr

340

*
ACA AAC
TGT TTG
Thr Asn

400

*
CGC cca
GCG GGT
Arg Pro

460

*
TTG AAC
AAC TTG
Leu Asn

520

*
GTA AGG
CAT TCC
Val Arg

CTC
GAG
Leu

AGT

Ser

GTT

Val

GAT
CTA
Asp

TAT
ATA

GTC

val

ACG

Thr

GCT
Axg

PCT/US00/14142

50

*
AGC TGT
TCG ACA
Ser Cys

110

*
GAA ATC
CTT TAG
Glu Ile

170

*
ACG TCA
TGC AGT
Thr Ser

230

*
GGA AAA
CCT TTT
Gly Lys

290

*
GAA ATA
CTT TAT
Glu Ile

350

*
CTC ACA
GAG TGT
Leu Thr

410

*
AAA TTA
TTT AAT
Lys Leu

470

*
AGA GTT
TCT CAA
Arg Val

530

*
CGA ATT
GCT TAA
Arg Ile

CTG
GAC
Leu

CCc

Pro

cct

Pro

GCG
Arg

CCcC
Gly

CAT
GTA
His

CTT
GAA
Leu

CAA
GTT
Gln

GAC
CTG
Asp

CTT

Leu

CTT
Glu

ATA
TAT
Ile

CTT

Leu

GCT
Arg

CcT
Arg

ATG
TAC
Met

*

CAA
GTT
Gln

60
CTC
GAG
Leu>
120
ATT
TAA
Ile>
180
ATC
TAG
Ile>
240
ATC
TAG

Ile>

300

Leu>

360

GTT
Gln>

420

CCG
Gly>

480

540
*
AGC
TCG
Ser>
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Lys

GIG

val

Lys

GTG

val

CTC
GAG
Leu

Lys

TCC
AGG
Ser

GGA
CCT
Gly

CAT
GTA
His

GGT
Pro

CcCcC

Pro

AGC

Ser

GCC
CGG
Ala

ACC

Thr

CGG
Ala

550

*
CAT GCC
GTA CGG
His Ala

610

*
CTT TAT
GAA ATA
Leu Tyr

670

*
ATA TAT
TAT ATA

Ile Tyr

730

*
CCG TGC
GGC ACG
Pro Cys

790

*
ARG GAC
TIC CTG
Lys Asp

850

*
CAC GAA
GTG CTT
His Glu

910

*
AAG ACA
TTC TGT
Lys Thr

970

*
GTC CTG
CAG GAC
Val Leu

1030
*
CTC CCA
GAG GGT
Leu Pro

Fig.15B.

ARC

Asn

ACT

GAT
CTA
Asp

CCA
GGT
Pro

ACC

Thr

GAC
CTG
Asp

GTG
His

GCC
CGG
Ala

560

*

ATA TIC
TAT AAG
Ile Phe

620

*
TGT CGT
ACA GCa
Cys Arg

680

*
AAA GCA
TTT CGT
Lys Ala

740

*
GCA CCT
CGT GGA
Ala Pro

800

*
CTC ATG
GAG TAC
Leu Met

860

*
CCT GAG
GGA CTC
Pro Glu

920

*
CCG CGG
GGC GCC
Pro Arg

980

*
CAG GAC
GIC CTG
Gln Asp

1040

*
CCC ATC
GGG TAG

TAC
ATG

GTA
CAT
val

CcCG
Gly

GAA
CTT
Glu

ATC
TAG
Ile

GTC

val

GAG
CTC
Glu

ACC
Trp

GAG
CTC

AGT
TCA
Ser

TCC
Arg

GAG
Leu

TCC

Ser

Glu

GAC
Leu
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570
GTT
CAA
Val
630
AGT
Ser
690
cCG
Gly
750
GAC
Leu
810
CGG
Arg

870

Phe

930

GTC
Gln

990

*
AAT
TTA
Asn

1050

*

AAA
TTT

*

ACC
TGG

Leu

GGA
CCT
Gly

Glu

ccc
Gly

ACC

Thr

Asn

TAC
ATG

CCG
Gly

ATC
TAG

ACT
TGA

cca
GGT
Pro

ccc

Pro

GGA
CCT
Gly

CCT
GGA
Pro

ACC
Trp

ARG

Lys

*

TCC
AGG

580

*
ATT GAC
TAA CTG
Ile Asp

640

*
TCA TTC
AGT AAG
Ser Phe

700

*
AAA TCT
Lys Ser

760

*
CCG TCA
GGC AGT
Pro Ser

820

*
GAG GTC
CTC CAG
Glu Val

880

*
TAC GTG
ATG CAC
Tyr Val

940

*
AGC ACG
Ser Thr

1000
*
GAG TAC
CTC ATG
Glu Tyr

1060
*
AAA GCC
TTT CGG

Pro Ile Glu Lys Thr Ile Ser Lys Ala
SUBSTITUTE SHEET (RULE 26)

*»

Lys

GTC
CAG
Val

ACA
TGT
Thr

GAC
CIG
Asp

TAC
ATG

Lys

PCT/US00/14142

5980

*
ATG CAG
TAC GTC
Met Gln

650

*
TCT GTT
AGA CAA
Ser val

710

*
GAC AAA
CTG TTT
Asp Lys

770

*
TTC CTC
ARG GAG
Phe Leu

830

*
TGC GTG
ACG CAC
Cys Val

890

*
GGC GTG
CCG CAC
Gly val

950

*
CGT GTG
GCA CAC
Arg Val

1010

*
TGC ARG
ACG TTC
Cys Lys

1070

*
GGG CAG
CCC GTIC
Gly Gln

600

AAC AAA GAC
TTG TTT CTG
Asn Lys Asp>

660

AAC ACC TCA
TG TGG AGT
Asn Thr Ser>

720
ACT CAC ACA
Thr His Thr>

780

Phe Pro Pro>
840

GTG GTG GAC
CAC CAC CTG
Val val Asp>

900

CTC CAC GTA
Glu val His>

960

* *
GTC AGC GTC
CAG TCG CAG
val Ser Val>

1020

* *
GTC TCC AAC
CAG AGG TIG
Val Ser Asn>

1080

* *
CCC CGA GAA
GGG GCT CTT
Pro Arg Glu>

0185



WO 00/75319

CCA CAG

Pro Gln

ACC TGC

Thr Cys

CAG CCG

Gln Pro

CTC TAC

AGG CAC

Ser Val

CCA TTT
Gly Lys

1090
&
GTG TAC
CAC ATG
Val Tyr

1150
*
CTG GTC
GAC CAG
Leu Val

1210
*
GAG AAC
CTC TTG
Glu Asn

1270
*
AGC AAG
TCG TTC
Ser Lys

1330
*
ATG CAT
TAC GTA
Met His

ACT

LA L2

ACC

Thy

CTC
GAG
Leu

GAG
CTC
Glu

1100

*
CTG CCC
GAC GGG
Leu Pro

1160

*
GGC TIC
CCG AAG
Gly Phe

1220

*
TAC AAG
ATG TTC

Tyr Lys

1280

*
ACC GTG
TGG CAC
Thr vVal

1340

*
GCT CTG
CGA GAC
Ala Leu

cCca
GGT
Pro

TAT
ATA

ACC

Thr

GAC
CTG
Asp

CAC
GTG
His

24/55

Fig.15C.

1110
* *
TCC CGG
AGG GCC
Ser Arg

1170
* *
CCC AGC
GGG TCG
Pro Ser

1230
* *
ACG CCT
TGC GGA
Thr Pro

1290
* *
AAG AGC
TTC TCG
Lys Ser

1350
* *
AAC CAC
TTG GTIG

GAT
CTA
Asp

GAC
CTG
Asp

cce

Pro

TCC
Axg

TAC
ATG

GAG
CTC
Glu

ATC
TAG
Ile

GTG
CAC
Val

*
TGG
ACC
Trp

*

ACG
TGC

Asn His Tyr Thr

1120
*
CTG ACC
GAC TGG
Leu Thr

1180
*
GCC GTG
CGG CAC
Ala Val

1240
*
CTG GAC
GAC CTG
Leu Asp

1300
*
CAG CAG
GTC GTC
Gln Gln

1360
*
CAG ARG
GTC TTC
Gln Lys

SUBSTITUTE SHEET (RULE 26)

CTC
Glu

TCC

Ser

cCcc
Gly

AGC

Ser

PCT/US00/14142

1130

*
AAC CAG
TTG GTC
Asn Gln

1190

*
TGG GAG
ACC CTC
Trp Glu

1250

*
GAC GGC
CTG CCG
Asp Gly

1310

*
AAC GTC
TTG CAG
Asn Val

1370

*
CTC TCC
GAG AGG
Leu Ser

GTC
CAG
Val

AGC
TCG
Ser

TCC
AGG
Ser

Phe

CTG
GAC
Leu

1140
* *
AGC CTG
TCG GAC
Ser Leu>

1200
* *
AAT GGG
TTA CCC
Asn Gly>

1260
* *
TTC TTC
AAG AAG
Phe Phe>

1320
* *
AGT ACG
Ser Cys>

1380
* *
TCT CCG
AGA GGC
Ser Pro>

0186



WO 00/75319

ATG
TAC
Met

GTG
His

ACC
Trp

ACA
Cys

GTG
His

Glu

CTT
Glu

ACG

Thr

GTC
CAG
val

GGA
cCcT
Gly

ATC
TAG
Ile

CcT
AGA
Ser

GGA
CcCT
Gly

ACT
TGA
Thr

AGA
Ser

ATC
TAG
Ile

TCA
AGT
Ser

10

AGC TAC
TCG ATG
Sexr Tyr

70

*
TCT AGT
AGA TCA
Ser Ser

130
*
ATG CAA
TAC GTT
Met Gln

190

*
TTG CCT
AAC GGA
Leu Pro

250

*
AGA AAT
TCT TTA
Arg Asn

310

*
GGC TTC
CCG AAG
Gly Phe

370

*
GCA ATC
CGT TAG
Ala Ile

430

*
CCC GAA
GGG CTT
Pro Glu

490

*
CCT AAC
GGA TTG
Pro Asn

ACC
Trp

TCA
AGT
Ser

CGT
Ala

GAA
CTT
Glu

CcCcG
Gly

TAC
ATG

TAT
ATA

ATT
TAA
Ile

ATC
TAG
Ile

20

GAC ACC
CTG TGG
Asp Thr

80

*
GGT TCA
CCA AGT
Gly Ser

140

*
GGC CaG
CCG GTC
Gly Gln

200

*®
ATG GTG
TAC CAC
Met Vval

260

*
AAA CAA
TTT GTT
Lys Gln

320

*
AGC TGC
TCG ACG
Ser Cys

380

*
ATA TTT
TAT AARD
Ile Phe

440

*
ATA CAC
TAT GTG
Ile His

500

*
ACT GTT
TGA CAA
Thr Val

cce
Gly

TTT
Lys

ACA
TGT

AGT

Ser

AAG
Phe

Lys

ATT
TAA
Ile

ATG
TAC
Met

ACT
TGA
Thr

Fig.16A.

GTC
CAG
val

TTA
AAT
Leu

CTG
GAC
Leu

AAG

Lys

ACG
Cys

TAT
ATA

AGT

Ser

ACT
TGA

*
TTA
AAT
Leu
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30

CIG
GAC
Leu

90

Lys
150

CAT
GTA
His

210

GAA
CTT
Glu

270
AGT
Ser
330

CTA
GAT
Leu

390

GAT
CTA
Asp

450

GAA
CTT
Glu

510

*
ARA
TTT
Lys

GAC
Leu

GAT
CTA
Asp

CTC
GAG
Leu

Ser

ACT
TGA

GCT
CGA
Ala

TGT
Thr

GGA
CCT
Gly

AAG
TTC
Lys

ACG
Cys

cCcT
GGA
Pro

CAA
GTT
Gln

GAA
CTT
Glu

TTA
AAT
Leu

GTA
CAT
val

CCA
Gly

Phe

40

*
GCG CTG
CGC GAC
Ala Leu

100

*
GAA CTG
CTT GAC
Glu Leu

160

*
TGC AGG
ACG TCC
Cys Arg

220

*
AGG CTG
TCC GAC
Arg Leu

280

*
ACC TTG
TGG AAC
Thr Leu

340

*
CCT ACT
GGA TGA
Pro Thr

400

*
AGA CCT
TCT GGA
Arg Pro

460

*
GAG CTC
CTC GAG
Glu Leu

520

*
CCA CTT
GGT GAA
Pro Leu

SUBSTITUTE SHEET (RULE 26)

CTC
GAG
Leu

AGT

Ser

ccc
Gly

AGC

Ser

AAC

Asn

AGT
Ser

Val

GAC
CTG
Asp

PCT/US00/14142

50

*
AGC TGT
TCG ACA
Ser Cys

110

*
TTA ARA
AAT TTT
Leu Lys

170

*
GAA GCA
CTT CGT
Glu Ala

230

*
ATA ACT
TAT TGA
Ile Thr

290

*
ACA GCT
TGT CGA
Thr Ala

350

*
ARG AAG
TTC TTC
Lys Lys

410

*
GTA GAG
CAT CTC
val Glu

470

. *
ATT CCC
TAA GGG
Ile Pro

530

*
ACT TTG
TGA AAC
Thr Leu

CTG
GAC
Leu

CCG
Gly

GCC
CGG
Ala

Lys

GTT
Gln

ARG

Lys

ATG
TAC
Met

ACG
Cys

ATC
TAG
Ile

CTT

Leu

ACC

Thr

CAT
GTA
His

TCT

Ser

GCC
Arg

CCT
GGA
Pro

60
CTC
GAG
Leu>
120
CAG
GTC
Gln>

180

Lys>
240
GCC
Ala>
300
AAC
Asn>
360
ACA
Thr>
420
AGT
Ser>
480
GTT
CAA
Val>
540
GAT

CTA
Asp>
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CCT
Gly

Glu

Lys

ATG
TAC
Met

AAT
Leu

GTT

val

ATT
TAA
Ile

GTC
Gln

GTT

val

g -

550

*
CGC ATA
GCG TAT
Arg Ile

610

*
GGG CTT
CCC GaAa
Gly Leu

670

*
CAT CGA
GTA GCT
His Arg

730

*
CTT AGA
GAA TCT
Leu Arg

790

*
CRA ATG
GTT TAC
Gln Met

850

*
GAC CAA
CTG GTT
Asp Gln

910

*
AAC AAA
TTG TTT
Asn Lys

970

*
AAC ACC
TG TGG
Asn Thr

1030
*
ACT CAC
TGA GTG
Thr His

Fig.16B.

ATC
TAG
Ile

CTG
GAC
Leu

GTT
Gln

CCG
Gly

ACC

Thr

AGT
Ser

ACA
TGT
Thr

560

*
TGG GAC
ACC CTG
Trp Asp

620

*
ACC TGT
TGG ACA
Thr Cys

680

*
ACC AAT
TGG TTA
Thr Asn

740

.-

CAT ACT
GTA TGA
His Thr

800

*
TGG AGT
ACC TCA

Trp Ser

860

*
AAT TCC
TTA AGG
Asn Ser

920

*
AAA GGA
TTT CCT
Lys Gly

980

-
GTG CAT
CAC GTA
val His

1040

*
TGC CCA
ACG GGT
Cys Pro

AGT

Ser

GAA
CTT
Glu

ACA

CTT
GAA
Leu

TAC
ATG

CAT
GTA
His

CTT
GAA
Leu

ATA
TAT
Ile

CCG
GGC
Pro

AGA
TCT
Arg

GCA
CGT
Ala

ATC
TAG
Ile

GTC

val

ccr
GGA
Pro

GCC

Ala

TAT
ATA
Tyx

TAT
ATA

Tyr
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570
ARG
Lys
630
ACA
TGT
690
ATA
TAT
Ile
750
CcTC
GAG
Leu
810
GAT
CTA
870
AARC
Asn

930

ACT

990

*
GAT
CTA
Asp

1050

*

TGC
ACG
Cys

*

cca
GGT
Pro

CCG
Gly

GTC
CAG
val

GAT
CTA
Asp

TTA
Asn

CTT
Glu

ATA
TAT
Ile

TGT
ACA
Cys

Lys

GCA
CGT
Ala

TTA
Asn

CAG
Val

TGT
ACA
Cys

GCA
CGT
Ala

*

CCT
GGA
Pro

580

*
ATC ATA
TAG TAT
Ile Ile

640

*
GGG CAT
CcC GTA
Gly His

700

*
CAA ATA
GTT TAT
Gln Ile

760

*
ACT GCT
TGA CGA
Thr Ala

820

*
AAT AAG
TTA TTC
Asn Lys

880

*
TAC AGT
ATG TCA

Tyr Ser

940

*
GTA AGG
CAT TCC
Val Arg

1000

*
GGC CCG
CCG GGC
Gly Pro

1060
*
GAA CTC
CTT GAG
Glu Leu

SUBSTITUTE SHEET (RULE 26)

AGT
Ser

ARC
Leu

AAC

Asn

GTT

val

AGT

Ser

CcCG
Gly

CTG
GAC
Leu

PCT/US00/14142

590

*
AAT GCA
TTA CGT
Asn Ala

650

*
TAT AAG
ATA TTC
Tyr Lys

710

*
ACA CCA
TGT GGT
Thr Pro

770

*
ACT CCC
TGA GGG
Thr Pro

830

*
GCT TCC
CGA AGG
Ala Ser

890

*
CTT ACT
GAA TGA
Leu Thr

950

*
GGA CCA
CCT GGT
Gly Pro

1010

*
GAG CCC
CTC GGG
Glu Pro

1070

*
GGG GGA
CCC cCT
Gly Gly

600

ACG TAC AAA
TGC ATG TIT
Thr Tyr Lys>

660

ACA AAC TAT
TGT TIG ATA
Thr Asn Tyr>

720

CGC CCA GTC
GCG GGT CAG
Arg Pro Val>

780

TIG AAC ACG
ARC TTG TGC
Leu Asn Thr>

840

GTA AGG CGA
CAT TCC GCT
Val Arg Arg>

900

ATT GAC AAA
TAA CTG TTT
Ile Asp Lys>

960

* *

TCA TTC AAA
AGT AAG TTT
Ser Phe Lys>

1020

* *

AAA TCT TGT
TTT AGA ACA
Lys Ser Cys>

1080

* *

CCG TCA GTC
GGC AGT CAG
Pro Ser Val>
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ACG
Cys

ACG

ACC
Trp

CTC
GAG
Leu

GTG
CAC
val

GTG
CAC
val

GTG
CAC
val

AAG

Lys

GTC
Gln

CAG
GTC
Gln

GAG
CTC
Glu

CCG
Gly

1090
*
TTC CCC
ARG GGG
Phe Pro

1150
*
GTG GTG
CAC CAC
val val

1210
*
GAG GTG
CTC CaC
Glu Vval

1270
*
GTC AGC
CAG TCG
val Ser

1330
*
GTC TCC
CAG AGG
Val Ser

1390
*
CCC CGA
GGG GCT
Pro Arg

1450
*
GTC AGC
CAG TCG
val Ser

1510
*
AGC AAT
TCG TTA
Ser Asn

1570
*
TCC TTC
AGG AAG
Sex Phe

CCA

Pro

GAC
CTG
Asp

CAT
GTA
His

GTC
CAG
val

GAA
CTT
Glu

CTG
GAC
Leu

cce
Gly

AAG
Phe

1100

*
ARA CCC
TTT GGG
Lys Pro

1160

. *
GTG AGC
CAC TCG
Val Ser

1220

*
AAT GCC
TTA CGG
Asn Ala

1280

*

CTC ACC
GAG TGG
Leu Thr

1340

*
AAA GCC
TTT CGG
Lys Ala

1400

*
CCA CAG
GGT GTC
Pro Gln

1460

*
ACC TGC
TGG ACG
Thr Cys

1520

*
CAG CCG
GTC GGC
Gln Pro

1580

*
CTC TAC
GAG ATG
Leu Tyr

ARG

Lys

CAC
GTG
His

Lys

GTC

val

CTC
GAG
Leu

GTG
CAC
val

CTG
GAC
Leu

GAG
CTC
Glu

AGC
TCG
Ser
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Fig.16C.

1110
* *
GAC ACC
CTG TGG
Asp Thr

1170
* *
GAA GAC
CTT CTG
Glu Asp

1230
* *
ACA AAG
TGT TTC
Thr Lys

1290
* *
CTG CAC
GAC GTG
Leu His

1350
* *
CCA GCC
GGT CGG
Pro Ala

1410
* *
TAC ACC
ATG TGG

Tyr Thr

1470
* *
GTC ARA
CAG TIT
val Lys

1530
* *
ARC ARC
TTG TTG
Asn Asn

1590
* *
ARG CTC
TTC GAG

Lys Leu

CTC
GAG
Leu

CCT
GGA
Pro

Pro

CAG
GTC
Gln

Cccc

Pro

CTG
GAC
Leu

CcCcG
Gly

TAC
ATG
Tyr

ACC
TGG
Thr

ATG
TAC
Met

GAG
CTC
Glu

CGG
GCC
Arg

GAC

Asp

ATC
TAG
Ile

ccc

Pro

AAG
Phe

GTG
CAC
val

1120
*
ATC TCC
TAG AGG
Ile Ser

1180
*
GTC AAG
CAG TTC
val Lys

1240
*
GAG GAG
CTC CIC
Glu Glu

1300
*
TGG CTG
ACC GAC
Trp Leu

1360
*
GAG ARA
CTC TTT
Glu Lys

1420
*
CCA TCC
GGT AGG
Pro Ser

1480
*
TAT CCC
ATA GGG
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Fig.16D.
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* * * * * * * * * * * *

AAC GTC TTC TCA TGC TCC GTG ATG CAT GAG GCT CTG CAC AAC CAC TAC ACG CAG AAG AGC
TTG CAG AAG AGT ACG AGG CAC TAC GTA CTC CGA GAC GTG TTG GTG ATG TGC GTC TTC TCG
Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser>

1690 1700

* * * *

CTC TCC CTG TCT CCG GGT AAA TGA
GAG AGG GAC AGA GGC CCA TTT ACT
Leu Ser Leu Ser Pro Gly Lys ***>
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Fig . 2 1 A. >EcoRI_site

10 20 30 40 50 | 60 70 80
AAGCTTGGGCTGCAGGTCGATCGACTCTAGAGGATCGATCCCCGGGCGAGCTCGAATTCGCAACCACCATGGTCAGCTAC
TTCGAACCCGACGTCCAGCTAGC TGAGATCTCCTAGC TAGGGGCCCGCTCGAGC TTAAGCGTTGGTGGTACCAGTCGATG

M V S Y>>
1 4

>BspEI_bridge
|
90 100 110 120 130 140| 150 160
TGGGACACCGGGGTCCTGCTGTGCGCGCTGCTCAGCTGTC TGC TTC TCACAGGATCTAGTTCCGGAGGTAGACCTTTCGT
ACCCTGTGGCCCCAGGACGACACGCGCGACGAGTCGACAGACGARGAGTGTCCTAGATCAAGGCC TCCATCTGGAAAGCA
WDTOGVLULCALTLS ST CLULLTG S S

FLT1 SS >
S G>
>
G R P F V>
31
>
170 180 190 200 210 220 230 240

AGAGATGTACAGTGAAATCCCCGAAATTATACACATGACTGAAGGAAGGGAGCTCGTCATTCCCTGCCGGGTTACGTCAC
TCTCTACATGTCACTTTAGGGGCTTTAATATGTGTACTGACTTCCTTCCCTCGAGCAGTAAGGGACGGCCCAATGCAGTG
EM Y S E I P ETITIHMTEUGRETLWVTIUPTC CIRUV T S
57

HFLT1 D2 >

250 260 270 280 290 300 310 320
CTAACATCACTGTTACTTTAAAAAAGTTTCCACTTGACACTTTGATCCCTGATGGAAAACGCATAATCTGGGACAGTAGA
GATTGTAGTGACAATGAAATTTTTTCAAAGGTGAACTGTGAAACTAGGGACTACCTTITGCGTATTAGACCCTGTCATCT
P NI TVTLI KU KV FPLUDTULTIU®PDSUGI K RTITIMWDS R

84
HFLT1 D2 >

330 340 350 360 370 380 390 400
AAGGGCTTCATCATATCAAATGCAACGTACARAGAAATAGGGCTTCTGACCTGTGAAGCARCAGTCAATGGGCATTTGTA
TTCCCGAAGTAGTATAGTTTACGTTGCATGTTTCTTTATCCCGAAGACTGGACACTTCGTTGTCAGTTACCCGTAAACAT
K G F I I S NATJVYUZ KETIGTLULTTZ CEA ATV VNSGEHIL Y

111

HFLT1 D2 >

410 420 430 440 450 460 470 480
TAAGACAAACTATCTCACACATCGACAAACCAATACAATCATAGATGTGGTTC TGAGTCCGTCTCATGGAATTGAACTAT
ATTCTGTTTGATAGAGTGTGTAGCTGTTTGGTTATGTTAGTATCTACACCAAGACTCAGGCAGAGTACCTTAACTTGATA

K TN YL THRGQTNTTI I D
HFLT1 D2 >
V VL SU?PSHGTIE L>
137
HFLK1 D3______ >
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Fig.21B.

490 500 510 520 530 540 550 560
CTGTTGGAGAAAAGCTTGTCTTAAATTGTACAGCAAGAACTGAACTAAATGTGGGGATTGACTTCAACTGGGAATACCCT
GACAACCTCTTTTCGAACAGAATTTAACATGTCGTTCTTGACTTGATTTACACCCCTAACTGAAGTTGACCCTTATGGGA
S vV EKXKLVLNCTARTETLNUVGIDUFNWE Y P>

164
HFLK1 D3 >

570 580 5390 600 610 620 630 640
TCTTCGAAGCATCAGCATAAGAAACTTGTAAACCGAGACCTAAAAACCCAGTCTGGGAGTGAGATGAAGAAATTTTTGAG
AGAAGCTTCGTAGTCGTATTCTTTGAACATTTGGCTCTGGATTTTTGGGTCAGACCCTCACTCTACTTCTTTAAAAACTC
S §S K HQ HK KL VNIZ RUDILI KTQS G S EMIEKI KT FIL S

191
HFLK1 D3 >

650 660 670 680 690 700 710 720
CACCTTAACTATAGATGGTGTAACCCGGAGTGACCAAGGATTGTACACCTGTGCAGCATCCAGTGGGCTGATGACCAAGA
GTGGAATTGATATCTACCACATTGGGCCTCACTGGTTCCTAACATGTGGACACGTCGTAGGTCACCCGACTACTGGTTCT

T L TI DGV TRSDQGULYTT CA AW AZS S GUL MT K

217
HFLK1 D3 >
>Srf Bridge_
I
730 740 750 | 760 770 780 790 800

AGAACAGCACATTTGTCAGGGTCCATGAAAAGGGCCCGGGCGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAA
TCTTGTCGTGTAAACAGTCCCAGGTACT T TTCCCGGGCCCGCTGTTTTGAGTGTGTACGGGTGGCACGGGTCGTGGACTT
K NS TVF V R V H E K>

HFLK1 D3___ >
G P G>
>
D KT H T CU?P P C P A P BE>
244
FCAC1 (A7) >
810 820 830 840 850 860 870 880

CTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCARRACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCAC
GAGGACCCCCCTGGCAGTCAGAAGGAGAAGGGGGGTTTTGGGTTCCTGTGGGAGTACTAGAGGGCCTGGGGACTCCAGTG
L LGG?P SV FLF PP KU?PI KD T LMTIS S RTU?PEV T

271

FCAC1 (A7) >

890 900 910 920 930 940 950 960
ATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATG
TACGCACCACCACCTGCACTCGGTGCTTCTGGGACTCCAGTTCAAGTTGACCATGCACCTGCCGCACCTCCACGTATTAC

c vvVvvVDVS SHEUDU®PEV KV FNWY VDGV E V H N>
297

FCAC1 (A) >

970 980 990 1000 1010 1020 1030 1040
CCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGG
GGTTCTGTTTCGGCGCCCTCCTCGTCATGTTGTCGTGCATGGCACACCAGTCGCAGGAGTGGCAGGACGTGGTCCTGACC
A XK T K PR REEQYNS T YRV YV S VL T VL HQ D W

324
FCAC1 (A) >
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Fig.21C.

1050 1060 1070 1080 1090 1100 1110 1120
CTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAA
GACTTACCGTTCCTCATGTTCACGTTCCAGAGGTTGTTTCGGGAGGGTCGGGGGTAGCTCTTTTGGTAGAGGTTTCGGTT

L NGKE EYI XK CIKUVSNI KALUPAZPTIEIZ KTTISI KAZK

351
FCAC1(a) >
>A>C_A_allotype
>G>T_A_allolype
1130 1140 1150 1160 1170 1 11g0 1190 1200

AGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCT
TCCCGTCGGGGCTCTTGGTGTCCACATGTGGGACGGGGGTAGGGCCCTACTCGACTGGTTCTTGGTCCAGTCGGACTGGA
G Q PR EPQV Y TULUPZPSURDETLTIEXKNU GOV S L T

377
FCAC1 () >

1210 1220 1230 1240 1250 1260 1270 1280
GCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACC
CGGACCAGTTTCCGAAGATAGGGTCGCTGTAGCGGCACCTCACCCTCTCGTTACCCGTCGGCCTCTTGTTGATGTTCTGG
¢cC L VKG FYU?PSDIAVEWES SN NGO QUPENNYZEK T

404
FCAC1(Aa) >

>T>C
|

12590 1300 1310 1320 1330 1340 1350 1360

ACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTATAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGG

TGCGGAGGGCACGACCTGAGGCTGCCGAGGAAGAAGGAGATATCGTTCGAGTGGCACCTGTTCTCGTCCACCGTCGTCCC
T P P VLD S DG S F FUL Y S KL TV DI K S RWQ Q G
431
FCAC1 (n) >

1370 1380 1390 1400 1410 1420 1430 1440
GAACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTA
CTTGCAGAAGAGTACGAGGCACTACGTACTCCGAGACGTGTTGGTGATGTGCGTCTTCTCGGAGAGGGACAGAGGCCCAT

NV F S CSVMHEA ALUHNIHYTGQI K SUL SUL S P G
457
FCAC1 (3) >

>NotI_site
l
|1450
AATGAGCGGCCGC
TTACTCGCCGGCG
K *>
458
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Flg . 22A' >EcoRI_site
l
10 20 30 40 50 | 60 70 80
AAGCTTGGGCTGCAGGTCGATCGACTCTAGAGGATCGATCCCCGGGCGAGCTCGAATTCGCAACCACCATGGTCAGCTAC
TTCGAACCCGACGTCCAGCTAGCTGAGATCTCCTAGCTAGGGGCCCGCTCGAGCTTAAGCGTTGGTGGTACCAGTCGATG
M V S Y>
1 4

>BspEI_bridge
|
90 100 110 120 130 140] 150 160
TGGGACACCGGGGTCCTGCTGTGCGCGCTGC TCAGCTGTCTGCTTCTCACAGGATC TAGTTCCGGAGGTAGACCTTTCGT
ACCCTGTGGCCCCAGGACGACACGCGCGACGAGTCGACAGACGAAGAGTGTCCTAGATCAAGGCCTCCATCTGGAAAGCA
wWbDTGVL L CAL L SCULULUL TG S S

FLT1 SIGNAL SEQUENCE >
S G>
>
G R P F V>
31
>
170 180 1590 200 210 220 230 240

AGAGATGTACAGTGAAATCCCCGAAATTATACACATGACTGAAGGAAGGGAGCTCGTCATTCCCTGCCGGGTTACGTCAC
TCTCTACATGTCACTTTAGGGGCTTTAATATGTGTACTGACTTCCTTCCCTCGAGCAGTAAGGGACGGCCCAATGCAGTG
EMY S EI PEITIHMTEGRETLUVIU®PTCIRUWVT S

57
FLT1 IG DOMAIN 2 >

250 260 270 280 290 300 310 320
CTAACATCACTGTTACTTTAAAAAAGTTTCCACTTGACACTTTGATCCCTGATGGAAAACGCATAATCTGGGACAGTAGA
GATTGTAGTGACAATGAAATTTTTTCAAAGCTGAACTGTGAAACTAGGGACTACCTTTTGCGTATTAGACCCTGTCATCT
P N ITVTUL XKIZ KV FZPULUDTTULTIU®P®PDSGI K T RTITIUWDS R

84
FLT1 IG DOMAIN 2 ) >

330 340 350 360 370 380 390 400
AAGGGCTTCATCATATCAAATGCAACGTACAAAGAAATAGGGCTTC TGACCTGTGAAGCAACAGTCAATGGGCATTTGTA
TTCCCGAAGTAGTATAGTTTACGTTGCATGTTTCTTTATCCCGAAGACTGGACACTTCGTTGTCAGTTACCCGTAAACAT
K G F I I S NATYUI XKUETIGTLULTT CEW ATUVNUGHTL Y>

111
FLT1 IG DOMAIN 2 >

410 420 430 440 450 460 470 480
TAAGACAAACTATCTCACACATCGACAAACCAATACAATCATAGATATCCAGCTGTTGCCCAGGAAGTCGCTGGAGCTGC
ATTCTGTTTGATAGAGTGTGTAGCTGTTTGGTTATGTTAGTATCTATAGGTCGACAACGGGTCCTTCAGCGACCTCGACG
K TN Y L T HUROQTNTTI I D>
FLT1 IG DOMAIN 2 >

I QL L PRK S L E L>

137

_____VEGFR3 (FLT4) IG DOMAIN 3 >
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Fig.22B.

490 500 510 520 530 540 550 560
TGGTAGGGGAGAAGCTGGTCCTCAACTGCACCGTGTGGGCTGAGTTTAACTCAGGTGTCACCTTTGACTGGGACTACCCA
ACCATCCCCTCTTCGACCAGGAGTTGACGTGGCACACCCGACTCAAATTGAGTCCACAGTGGAAACTGACCCTGATGGGT
L vV G EKULVLNCTVWAZETFNSSGUV TV FUDWDY B>

164
VEGFR3 (FLT4) IG DOMAIN 3 >

570 580 590 600 610 620 630 640
GGGAAGCAGGCAGAGCGGGGTAAGTGGGTGCCCGAGCGACGCTCCCAACAGACCCACACAGAACTCTCCAGCATCCTGAC
CCCTTCGTCCGTCTCGCCCCATTCACCCACGGGCTCGCTGCGAGGGTTGTCTGGGTGTGTCTTGAGAGGTCGTAGGACTG
G K QA EURGI KWV P EIRIRSQQTHTETLZSSTIUL T

191
VEGFR3 (FLT4) IG DOMAIN 3 >

650 660 670 680 690 700 710 720
CATCCACAACGTCAGCCAGCACGACCTGGGCTCGTATGTGTGCAAGGCCAACAACGGCATCCAGCGATTTCGGGAGAGCA
GTAGGTGTTGCAGTCGGTCGTGCTGGACCCGAGCATACACACGTTCCGGTTGTTGCCGTAGGTCGCTAAAGCCCTCTCGT

I H NV S Q HDU LGS YV CK KA ANNGTIUOQIRVFRE S
217
VEGFR3 (FLT4) IG DOMAIN 3 >

730 740 750 760 770 780 790 800
CCGAGGTCATTGTGCATGAAAATGGCCCGGGCGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGARCTCCTGGGG
GGCTCCAGTAACACGTACTTTTACCGGGCCCGCTGTTTTGAGTGTGTACGGGTGGCACGGGTCGTGGACTTGAGGACCCC
T E V I V H E N>
___VEGFR3 (FLT4) IG__ >

G P G>
>

DK THTTOCUPUPOCUPAPETLTUL G

244

FCAC1 - A ALLOTYPE >

810 820 830 840 850 860 870 880
GGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGT
CCTGGCAGTCAGAAGGAGAAGGGGGETTTTGGGTTCCTGTCGGAGTACTAGAGGGCCTGGGGACTCCAGTGTACGCACCA
G PSVFLFPUPIXKUPI KDTTLMTIS ST RTU®PEUWVTTCYV V>

271

FCAC1 - A ALLOTYPE >

890 900 910 920 930 940 950 960
GGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAA
CCACCTGCACTCGGTGCTTCTGGGACTCCAGTTCAAGTTGACCATGCACCTGCCGCACCTCCACGTATTACGGTTCTGTT

V DV S HEUDU©PEV K FNWYV DGV EVHNA AT K T
297
FCAC1 - A ALLOTYPE >

970 980 990 1000 1010 1020 1030 1040
AGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGC
TCGGCGCCCTCCTCGTCATGTTGTCGTGCATGGCACACCAGTCGCAGGAGTGGCAGGACGTGGTCCTGACCGACTTACCG
K PR EEQY NS TY RV V S VL TVULHOQTIDWILN G

324

FCAC1 - A ALLOTYPE >
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Fig.22C.

1050 1060 1070 1080 1090 1100 1110 1120
AAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCC
TTCCTCATGTTCACGTTCCAGAGGTTGTTTCGGGAGGGTCCGGCGTAGCTC TTTTGGTAGAGGTTTCGGTTTCCCGTCGG
K EY KC K VS NI KA ALUPAZPTIEIZ KTTISI KA AI KSGZ Q P

351
FCAC1l -~ A ALLOTYPE >
>A>C_A_allotype
>G>T_A_allolype
1130 1140 1150 1160 :ll'?(l) 1180 1190 1200

CCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCA
GGCTCTTGGTGTCCACATGTGGGACGGGEGTAGGGCCCTACTCGACTGGTTC TTGGTCCAGTCGGACTGGACGGACCAGT
R EPQ VY TUL P PSS RDETLTI XN GQV S L TTCTUL V>
377

FCAC1 - A ALLOTYPE >

1210 1220 1230 1240 1250 1260 1270 1280
ARGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
TTCCGAAGATAGGGTCGCTGTAGCGGCACCTCACCCTCTCGTTACCCGTCGGCCTCTTGTTGATGTTCTGGTGCGGAGGG
K G FYPSDTIAVE EWESNGU QZ®PENNYZ KTT P P>

404
FCAC1 - A ALLOTYPE >
>T>C
l
1290 1300 1310 1320 1330 1340 1350 1360

GTGCTGGACTCCGACGGCTCCTTCTTCCTCTATAGCAAGC TCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTT
CACGACCTGAGGCTGCCGAGGAAGAAGGAGATATCGTTCGAGTGGCACCTGTTCTCGTCCACCGTCGTCCCCTTGCAGAA
V1L DSDGS ST F FFTLZYSZ KTLTUVDJZ KT SZ RWOQQGNUV F>

431
FCACl1 - A ALLOTYPE >
>NotI_site
|
1370 1380 1390 1400 1410 1420 1430 1440

CTCATGCTCCGTGATGCATGAGGCTC TGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAATGAGCGG
GAGTACGAGGCACTACGTACTCCGAGACGTGTTGGTGATGTGCGTCTTC TCGGAGAGGGACAGAGGCCCATTTACTCGCC
S ¢ S VMHEA ATLUHNU HTYTA QI KSL SL S P G K *»

455
FCAC1 - A ALLOTYPE >

CCGC
GGCG
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Fig.24A.
10 20 30 40 50 60

ATG GTC AGC TAC TGG GAC ACC GGG GIC CIG CIG TGC GOG CTIG CTC AGC TGT CTG CIT CIC
TAC CAG TCG ATG ACC CTG TGG CCC CAG GAC GAC ACG OGC GAC GAG TCG ACA GAC GAA GAG
M v s Yy w b T 6 VvV L L € A L L S C L L L»

1 5 hFLT1 SIGNAL SEQUENCE, 15 20>
70 80 90 100 110 120
* * * * * *

ACA GGA TCT AGT TCC GGA AGT GAT ACC GGT AGA CCT TTC GTA GAG ATG TAC AGT GAA ATC
TGT CCT AGA TCA AGG CCT TCA CTA TGG CCA TCT GGA AAG CAT CTC TAC ATG TCA CIT TAG
T G S8 s s G
21_hFLT1 SIGNAL SEQ 26>

s D T G R P F V E M Y S E I

_27 30___hFLT1 IG DOMAIN 2 40>
130 140 150 160 170 180
* * * * * *

CCC GAA ATIT ATA CAC ATG ACT GAA GGA AGG GAG CTC GTC ATT CCC TGC COGG GTT ACG TCA
GGG CTT TAA TAT GTG TAC TGA CIT CCT TCC CTC GAG CAG TAA GGG ACG GCC CAA TGC AGT
P E I I H M T E G R E L Vv I P C R V T s>

41 45 hFLT]1 IG DOMAIN 2 55, 60>
150 200 210 220 230 240
* * * * * *

CCT AAC ATC ACT GTT ACT TTA AAA AAG TTT CCA CTT GAC ACT TTG ATC CCT GAT GGA AAA
GGA TTG TAG TGA CAA TGA AAT TTT TIC AAA GGT GAA CTG TGA AAC TAG GGA CTA CCT TIT
p N I T V T L K K F P L D T L I P D G K

61 65 hFLT1 IG DOMAIN 2 75 80>
250 260 270 280 290 300
* * * * * *

CGC ATA ATC TGG GAC AGT AGA AAG GGC TIC ATC ATA TCA AAT GCA ACG TAC AAA GAA ATA
GCG TAT TAG ACC CTG TCA TCT TTC COG AAG TAG TAT AGT TTA CGT TGC ATG TIT CIT TAT
R I I WwW D S R K G F I I S N A T Y K E I>

81 85 hFLT1 IG DOMAIN 2 95 100>
310 320 330 340 350 360
* * * * * *

GGG CIT CTG ACC TGT GAA GCA ACA GIC AAT GGG CAT TTG TAT AAG ACA AAC TAT CTC ACA
CCC GAA GAC TGG ACA CTT CGT TGT CAG TTA CCC GTA AAC ATA TTC TGT TIG ATA GAG TGT
G L L T C E A T V N G H L ¥ K T N Y L T

101 105 hFLT1 IG DOMAIN 2 115 120>
370 380 390 400 410 420
* * * * * *

CAT CGA CAA ACC AAT ACA ATC ATA GAT GIG GTT CTG AGT CCG TCT CAT GGA ATT GAA CTA
GTA GCT GTT TGG TTA TGT TAG TAT CTA CAC CAA GAC TCA GGC AGA GTA CCT TAA CTT GAT
H R Q T N T I I D>
121 hFLT1 IG DOMAIN 2 129_>
v v L § P S H G I E L»
130 hFLK1 IG DOMAIN 3 140>
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Fig.24B.
430 440 450

PCT/US00/14142
460 470 480
* * *

TCT GTT GGA GRA AAG CTT GTC TTA AAT TGT ACA GCA AGA ACT GAA CTA AAT GIG GGG ATT
AGA CAA CCT CTT TTC GAA CAG AAT TTA ACA TGT CGT TCT TGA CTT GAT TTA CAC CCC TAA

s v 6 E X L v L N C T A R T E L N V G I»
141 145 hFLK1 IG DOMAIN 3 155 160>
490 500 510 520 530 540

* * * * * *

GAC TTC AAC TGG GAA TAC CCT TCT TCG AAG CAT CAG CAT AAG AAA CTT GTA AAC CGA GAC
CTG AAG TTG ACC CTIT ATG GGA AGA AGC TTC GTA GIC GTA TTC TTT GAA CAT TIG GCT CTG

D F N W E Y P 8§ S K H Q H K K L V N R D
161 165 hFLK1 IG DOMAIN 3 175 180>

550 560 570 580 590 600

* * * * * *

CTA ARA ACC CAG TCT GGG AGT GAG ATG AAG AAA TIT TTG AGC ACC TTA ACT ATA GAT GGT
GAT TTT TGG GTC AGA CCC TCA CIC TAC TTC TTT AAA AAC TCG TGG AAT TGA TAT CTA CCA

L XK T @ 8§ 6 8§ E M K K F L s T L T I D G
181 185 hFIK1 IG DOMAIN 3 195 200>
610 620 630 640 650 660

* * * * * *

GTA ACC CGG AGT GAC CAA GGA TTG TAC ACC TGT GCA GCA TCC AGT GGG CIG ATG ACC AAG
CAT TGG GCC TCA CTG GTT CCT AAC ATG TGG ACA CGT CGT AGG TCA CCC GAC TAC TGG TTIC

v T R 8§ D Q 6 L Y T™ C A A S S G L M T K
201 205 hFLK1 IG DOMAIN 3 215 220>
670 680 690 700 710 720
* * * * * *
AAG AAC AGC ACA TTT GTC AGG GIC CAT GAA AAG GAC AAA ACT CAC ACA TGC CCA CCG TGC
TTC TIG TCG TGT ARA CAG TCC CAG GTA CTT TIC CIG TIT TGA GTG TGT ACG GGT GGC ACG
K N 8§ T F V R V H E K
221 hFLK1 IG DOMAIN 3 231>
D K T H T Cc P P C>
232 hFCACL A 240>
730 740 750 760 770 780
* * * * * *

CCA GCA CCT GRA CTC CTG GGG GGA CCG TCA GIC TIC CTC TTC CCC CCA AAA CCC AAG GAC
GGT CGT GGA CTT GAG GAC CCC CCT GGC AGT CAG AAG GAG AAG GGG GGT TTT GGG TIC CTG

P A P E L L G G P S V F L F P P K P K D
241 245 hFCAC1 A 255 260>
790 800 810 820 830 840

* * * * * *

ACC CTC ATG ATC TCC CGG ACC CCT GAG GTC ACA TGC GTG GTG GIG GAC GIG AGC CAC GAA
TGG GAG TAC TAG AGG GCC TGG GGA CIC CAG TGT ACG CAC CAC CAC CTG CAC TCG GIG CTT
T L M I s R T P E V T C V VvV VvV D V S§ H EBE
261 265, hFCAC1 A 275 280>
850 860 870 880 890 900

* * * * * *

GAC CCT GAG GTC AAG TTC AAC TGG TAC GTIG GAC GGC GIG GAG GTIG CAT AAT GCC AAG ACA
CTG GGA CTC CAG TTC AAG TTG ACC ATG CAC CTG CCG CAC CTC CAC GTA TTA CGG TTC TGT
D p E V K F N W Y V D 66 V E V H N A K T
281 285 hFCAC1 A 295 300>
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960

*

GTC CTC ACC GTC CTG

TTC GGC GCC CIC CTC GIC ATG TIG TCG TGC ATG GCA CAC CAG TCG CAG GAG TGG CAG GAC
K P R E E Q ¥ N S T Y R V V § T V >
301 305 hFCACL A 315 320>
970 980 990 1000 1020
* * * * *
CAC CAG GAC TGG CTG AAT GGC AAG GAG TAC AAG TGC AAG GTC TCC AAC AAA GCC CTC cca
GTG GTC CTG ACC GAC TTA CCG TTC CTC ATG TTC ACG TIC CAG AGG TTG TTT CGG GAG GGT
H Q D W L N G K E Y K C€C K V s A L P>
321 325 hFCACL A 335 340>
1030 1040 1050 1060 1080
* * * * *
GCC CCC ATC GAG AAA ACC ATC TCC AAA GCC AAA GGG CAG CCC CGA GAA CCA CAG GIG TAC
CGG GGG TAG CTC TIT TGG TAG AGG TTT CGG TTT CCC GTC GGG GCT CTT GGT GTC CAC ATG
A p I E K T I 8§ K A K G Q P R Q vV Y
341 345 hFCAC1 A 355 360>
1090 1100 1110 1120 1140
* * * * *
ACC CTG CCC CCA TCC CGG GAT GAG CTG ACC AAG AAC CAG GIC AGC CTG ACC TGC CIG GIC
TGG GAC GGG GGT AGG GCC CTA CTC GAC TGG TTIC TIG GTC CAG TCG GAC TGG ACG GAC CAG
T L P P S R D E L T K N Q V s cC L WV
361 365 hFCACL A 375, 380>
1150 1160 1170 1180 1200
* * * * *
AAA GGC TTC TAT CCC AGC GAC ATC GCC GTG GAG TGG GAG AGC AAT GGG CAG CCG GAG AAC
TTT CCG AAG ATA GGG TCG CTG TAG CGG CAC CTC ACC CTC TCG TTA CCC GTIC GGC CIC TTG
K 6 F Y P § D I A V E W E S N P E N>
381 385 hFCACL A 395 400>
1210 1220 1230 1240 1260
* * * * *
AAC TAC AAG ACC ACG CCT CCC GTG CTG GAC TCC GAC GGC TCC TTC TTC CIC TAC AGC AAG
TIG ATG TTC TGG TGC GGA GGG CAC GAC CIG AGG CTG COG AGG AAG AAG GAG ATG TCG TIC
N Y K  © Pp P V L D S$ D G s F Y S K
401 405 hFCACL A 415 420>
1270 1280 1290 1300 1320
* * * %* *
CTC ACC GTG GAC ARG AGC AGG TGG CAG CAG GGG AAC GIC TTC TCA TGC TCC GTG ATG CAT
GAG TGG CAC CTG TTIC TCG TCC ACC GIC GTC CCC TIG CAG AAG AGT ACG AGG CAC TAC GTA
L T vV D K S R W Q@ Q G N V F s vV M B
421 425 hFCAC1 A 435 440>
1330 1340 1350 1360
* * * *
GAG GCT CTG CAC AAC CAC TAC ACG CAG AAG AGC CIC TCC CTG TCT CCG GGT ARA TGA
CTC CGA GAC GTG TIG GIG ATG TGC GIC TIC TCG GAG AGG GAC AGA GGC CCA TTT ACT
E A L H N H Y T Q K S L S8 L S K *>
441 445 hFCAC1 A 455 458 >
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Fig.25A.
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Fig.25C.
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Fig.26A.
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Fig.29.
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Fig.30.
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Fig.34.
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Fig.37.
B L AL AL LA I B
—— Fit1(1-3)-Fc(A40) i
—— st FIt1D2FIk1D3.FcdeltaC1(a)

—— t FIt1D2FIk1D3.FcdeltaC1(a)
—— t VEGFR1R2-FcdeltaC1(a)

100

10

0.1}

Modified FIt Receptor [ug/ml]

0.01——

PN W N T "
0 1 2 3 4 5 6 7
Days
Fig.38.
100
= —— FIt1(1-3)-Fc(A40)
S 1ok —— FIt1D2VEGFR3D3 FedeltaC1(a) |
= —— FIt1D2FIk1D3.FcdeltaC1(a) :
o -
a 1
m e
3
e 1F .
i
O
Q0
S 0.1k E
= C
0.015——— — 10 _ 15 20 25

Days
SUBSTITUTE SHEET (RULE 26)

0214



PCT/US00/14142

WO 00/75319

53/55

Fig.39.

1
o
o 1o
—

150}

(gww) swn|op Jown|

;Jao3 bybwse

(e) LOeNSPOH

1 ‘€edPiideaiid

ao3
By/bwsg

1(0tv)o4-(e-1) LU

{Mwxe Bybuwse

(e) 1oeyepo4-
capii4zagiid

MMWX2
By/bwge

(ovv)od4-(e-1) Lud

ERIEI

300

o
o o
QA

(sww) swnjop lown|

1Q03 by/buwse
1(e) Loeyepo
3 eanlidearid

ao3
Byy/buige

1(0vv) o3-(e- 1) 14
IMMWXe By/bws g

(e) 1OBYBp

1o4'eaiideatid
IMMWXe By/busg

(e) LOeYepd

1 4°ediidedid

MMWXeS
By/bwse

(otv) o4-(-1)1u-

ST

SUBSTITUTE SHEET (RULE 26)

0215



PCT/US00/14142

WO 00/75319

54/55

(e) 1OVoq" (e) 1OVo4€d
caed4o3anzaid  »iidearid
-HSId

(ovv) o4
-(€-1) 14
-OSINd

Sdd

Sdd-S4ad

peleolsso( EE
o E

‘161

0g

00l

0S1

002

0G¢e

00g

0se

(Bw) wbBiam aunein

SUBSTITUTE SHEET (RULE 26)

0216



WO 00/75319

Serum Progesterone Levels (ng/ml)

Serum Progesterone Levels (ng/ml)

30

25

20

15

10

55/55

PCT/US00/14142

Fig.42A.
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1. Claims: 1-8, 41-48 and partly 9-40, 49-51

An isolated nuleic acid molecule encoding a fusion
polypeptide capable of binding a VEGF polypeptide comprising:

(a) a nucleotide sequence encoding a VEGF receptor component
operatively Tinked to

(b) a nucleotide sequence encoding a multimerizing component,

wherein the VEGF receptor component is the only VEGF
component of the fusion polypeptide and the nucleotide
sequence (a) encodes essentially an Ig domain 2 of the
extracellular domain of a first VEGF receptor and an Ig
domain 3 of a second VEGF receptor.

Corresponding polypeptides, vectors, recombinant host cells,
compositions, therapeutic applications. Where applicable,
acetylated or pegylated polypeptides.

2. Claims: partly 9-21, 28-40,49-51
An isolated nucleic acid molecule comprising a nucleotide
sequence encoding a modified F1tl receptor fusion
polypeptide, wherein the coding region of the nucleic acid
molecule consists of the nucleotide sequence depicted either
in Fig 13A-D (seq. ID 3) or in Fig. 14A-C (Seq. ID 5).

3. Claims: partly 9-21, 28-40,49-51
Idem as subject-matter 2, but limited to the sequence
depicted in Fig.15A-C (Seq. ID 7).

4, Claims: partly 9-21, 28-40,49-51
Idem as subject-matter 2, but limited to the sequence
depicted in Fig.16A-D (Seq. ID 9)

5. Clajms: partly 9-40,49-51
A fusion polypeptide encoded by the nucleic acid seguence

set forth in Fig. 10A-D (Seq. ID 1), which has been modified
by acetylation or pegylation.
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1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

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

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

New International Application Filed with the USPTO as a Receiving Office

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

INFORMATION
DISCLOSURE STATEMENT

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

Attorney Docket REGN-008CIP

First Named YANCOPOULOS, GEORGE D.
Application Number | 13/940,370

Confirmation No. 1055

Filing Date July 12,2013

Group Art Unit 1629

Examiner Name

Title: “Use of a VEGF Antagonist to Treat Angiogenic
Eye Disorders”

Sir:

Applicants submit herewith documents which may be material to the examination of this

application and in respect of which there may be a duty to disclose in accordance with 37 C.F.R. § 1.56.

This submission is not intended to constitute an admission that any document referred to therein is "prior

art" for this invention unless specifically designated as such. A listing of the documents is shown on

enclosed Form PTO-SB/08A and a copy of each document is also enclosed.

The Examiner is requested to make the documents listed on the enclosed PTO-SB/08A of record in
this application. Applicants would appreciate the Examiner initialing and returning the initialed copy of

form PTO-SB/08A, indicating the document cited therein have been considered and made of record herein.

Statements

XI  No statement

[] PTA Statement under 37 CFR § 1.704(d): Each item of information

contained in the information disclosure statement filed herewith was first cited

in any communication from a patent office in a counterpart foreign or

international application or from the Office and was not received by any

individual designated in § 1.56(c) more than thirty days prior to the filing of the

information disclosure statement.
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USSN: 13/940,370
Atty Docket No.: REGN-008CIP

IDS Statement under 37 CFR § 1.97(e)(I): Each item of information
contained in the information disclosure statement was first cited in any
communication from a foreign patent office in a counterpart foreign application
not more than three months prior to the filing of the information disclosure

statement; or

IDS Statement under 37 CFR § 1.97(e)(2): No item of information
contained in the information disclosure statement was cited in a
communication from a foreign patent office in a counterpart foreign
application, and, to the knowledge of the person signing the certification after
making reasonable inquiry, no item of information contained in the information
disclosure statement was known to any individual designated in § 1.56(c) more

than three months prior to the filing of the information disclosure statement.

=
@
®
n

I:IIEl

No fee is believed to be due.

The appropriate fee set forth in 37 C.ER. §1.17(p) accompanies this information disclosure

statement.
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USSN: 13/940,370
Atty Docket No.: REGN-008CIP

The Commissioner is hereby authorized to charge any underpayment of fees up to a strict limit of
$3,000.00 beyond that authorized on the credit card, but not more than $3,000.00 in additional fees due
with any communication for the above referenced patent application, including but not limited to any
necessary fees for extensions of time, or credit any overpayment of any amount to Deposit Account No.
50-0815, order number REGN-008CIP.

Respectfully submitted,
BOzZICEVIC, FIELD & FRANCIS, LLP

Date: October 18, 2013 By: __/Karl Bozicevic, Reg. No0.28.807/
Karl Bozicevic, Reg. No0.28,807

BOZICEVIC, FIELD & FRANCIS, LLP
1900 University Avenue, Suite 200
East Palo Alto, California 94303
Telephone: (650) 327-3400
Facsimile: (650) 327-3231
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/940,370 07/12/2013 George D. YANCOPOULOS REGN-008CIP (725A1-US)
CONFIRMATION NO. 1055
96387 PUBLICATION NOTICE
Regeneron

Bozicevic, Field & Francis 0 AU A

1900 University Ave 00000006
Suite 200
East Palo Alto, CA 94303

Title:USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS

Publication No.US-2013-0295094-A1
Publication Date:11/07/2013

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 USPTQO'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 Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, 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 http://pair.uspto.gov/. Prior to

publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

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

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

page 1 of 1
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PTO/AIABO (07-12)

Approved for use through 11/30/2014. ONB 0651-0035

US. Patent and Trademark Office; U.S DEPARTMENT OF COMIMERCE

Under (ke Papenvork Raduction Actaf 1995, no parsens are required ta respond to a collection of informat'on unless it displays a valid OMB control number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

i hereby revoke all previous powers of attorney given in the appiication identified in the attached statement
under 37 CFR 3.73(c).

| hereby appoint:

:;e:;:titioners associated with Customer Number: 96387

D Practitioner(s) named below (if more than fen patent praclitioners are o be named, then a customer nurnber must be used):

MName Registration Name Registration
Number Number

As attorney(s) or agent{s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with
any and ail patent applications assigned only to the undersigned according to the USPTO assignment records or assignments documents
attached to this form in accordance with 37 CFR 3.73(¢c).

Please change the correspondence address for the application identified in the aftached stalement under 37 CFR 3.73(c} to:

The address associated with Gusiomer Number: 9 6 3 87
OR

Firm or
Individual Name

Address

City Stale Zip

Couatry

Telephone Email

Assignee Name and Address: REGENERON PHARMACEUTICALS, INC.
777 Old Saw Mili River Road
Tareytown, New York 10591

A copy of this forim, together with a statement under 37 CFR 3.73(c} {Form PTOJAIAISS or equivalent) is required to be
Filed in each application in which this form is used. The statement under 37 CFR 3.73{c) may be completed by one of
The practitioners appointed in this form, and must tdentify the application in which this Power of Attorney is to be filed.

SIGNATURE of Assignee of Record
The individual whose signature and title is supplied below is authorized to act on behalf of the assignee

Signature '7 /M\\%::L_/L—'@% Date & 2/, A o Jo T
7 4

Name Vs Chesso Telephone G/ S YT JO¥ T
Title VMLQ@Q:JWL t and Hesocote Gepawe Conngal

Th's collection of information Is required by 37 CFR 1.31, 1.32 and 1.33. The informalio is requized to obtain or relain a benefit by tha public which is to fie {and
by the USPTO to process) an application. Confidentiality is governed by 35 11.5.C. 122 and 37 CFR 1.11 and 1.14. This colfection is estimated to take 3 minutes
to complete, including gathering, preparing, and subrmitting the compleled application form to the USPTO. Time will vary depanding upon the Individual case. Any
comments on the amount of lime you require to complete this form and/or suggestions for reducing this burden, should be sant {o the Chief Information Officer,
U.S. Patent and Trademark Office, U.5, Depariment of Commerce, P.O. Box 1450, Alexandiia, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, cal! 1-800-PT0-9199 and select option 2.
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Electronic Patent Application Fee Transmittal

Application Number: 13940370

Filing Date: 12-Jul-2013

Title of Invention: USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS
First Named Inventor/Applicant Name: George D. YANCOPOULOS

Filer: Karl Bozicevic

Attorney Docket Number: REGN-008CIP (725A1-US)

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Suz—;’;(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Late Filing Fee for Oath or Declaration 1051 1 140 140

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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o . Sub-Total in
Description Fee Code Quantity Amount UsD($)
Miscellaneous:
Total in USD ($) 140
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Electronic Acknowledgement Receipt

EFS ID: 17345138
Application Number: 13940370
International Application Number:
Confirmation Number: 1055

Title of Invention:

USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS

First Named Inventor/Applicant Name:

George D. YANCOPOULOS

Customer Number:

96387

Filer:

Karl Bozicevic

Filer Authorized By:

Attorney Docket Number:

REGN-008CIP (725A1-US)

Receipt Date: 08-NOV-2013
Filing Date: 12-JUL-2013
Time Stamp: 15:01:20

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type

Credit Card

Payment was successfully received in RAM

$140

RAM confirmation Number

1643

Deposit Account

Authorized User

File Listing:

Document

Number Document Description

File Size(Bytes)/

File Name Message Digest

Multi
Part /.zip

Pages
(ifappl.)
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173091
1 QOath or Declaration filed REGN-008CIP_declaration.pdf no 2

3a93479288a89f7 dab6eac0b7cd26602555
bfde6

Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

679921
REGN-008CIP_stmt_373_c_.pdf no 4

44385923bd127d6328a64f500e8ab2abaeg]
3afba

Assignee showing of ownership per 37
CFR3.73.

Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

108269
3 Power of Attorney REGN_genl_poa_AlA.pdf no 1

313a44c65d8b016a8be66db3015605716a
908ae0

Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

30239
4 Fee Worksheet (SB06) fee-info.pdf no 2
5d3f378028f67f63646f357f72d af629e7caf3]
63
Warnings:
Information:
Total Files Size (in bytes):i 991520

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIA/DS (06-12)

Approved for usa through 0173172014, OMB 0§51-0032

X LLS. Patent and Tradamark Office; U.S. BEPARYMENT OF COMMERCE

Under the Paperwork Reduction Acl of 1995, no persons aré requived 1o respond to a collection of Information unfess il displays a vafid OMB control numbsr.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of USE OF A VEGF ANTAGONIST TO TREAT ANGIOGENIC EYE DISORDERS
invention

As the below named inventor, | hereby declare that:

This declaration D The attached application, or
is directed to:
@ United States application or PCT International application number __ 13/940,370

filed on __July 12, 2013

The above-identified application was made or authorized to be made by me.

[ believe that 1 am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.5.C. 1001
by fine or imprisonment of not more than {5) years, or both.

WARNING:

Petitionerfapplicant is cautioned to avold stbmitting personal information in documents filed in a patent application thal may
icontribute to identity theft. Perscnal information such as social securily numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submilted for payment purposes) ks never required by the
USPTO to suppoit & petition or an application. i this type of personal information is included in documents submitted to the
USPTO, petitioners/applicants should consider redacting such personat information from the documents before submitling them
to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of
1he application {unless a non-publicalion request in compliance with 37 CFR 1.213(a) is made in the application} or issuance of a
oatent, Furthermore, the record from an abandoned application may also be available to the public if the application is referenced
in a published application or an issued patent {see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038
submitted for payment purposes are not retained in the application file and therefore are not publicly avallable.

LEGAL NAME OF INVENTOR

| / 0/ 2o / i
Inventor:__ YANCOPQULOS, GEQRGE D. Date {Opticnal) : y 3

Signature: \! L / ' o

Note: An application data sheet (PTO/SB/14 of equivalent), including naming the enlire inveniive enlity, must accompany this form,
Use an additional PTO/AIA/01 form for each additional inventor.

This collection of information is required by 35 U.8.C. 115 and 37 CFR 1.63. The infermation is required to obtain or retain a benefit by the public which is 1o file
{and by tha USPTO to process) an appiication. Confidentiality is govermed by 35 U.S.C, 122 and 37 CFR 1.11 and 1.14. This coliection i3 estimated to take 1 minute
to complete, including gathenng, preparing, and submitting the completed application form 1o the USPTO. Time will vary depending upon the individual case. Any
commenls on the amount of time you require lo'complets this form and/or suggestions far reducing this burden, should be sent to the Ghiet Infermalion Gificer, U.S.
Patent and Trademark Office, U.S. Depastment of Gommerce, P.O, Box 1450, Alexantiria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in compleling the forrn, call 1-800-PT0O-9182 and select option 2,
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related {o a patent application or patent. Accordingly,
pursvant to the requirements of the Act, please be advised that: (1) the general authority for the
collegtion of this informalion is 35 U.S.C. 2{b)(2); (2} iumnishing of the information soliciled is voluniary;
-and (3) the principat purpose for which the information is used by the U.S. Patent and Trademark

Offige is to process and/or examine your submission related 10 a patenl application or patent. If you do

not furnish the requested information, the U.S. Palent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceadings or
abandonment of the application or expiralion of the patent.

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

1.

10.

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.5.C 552a). Records from
this system of records may be disclosed to the Depariment of Justice to determine whether
disciosure of these records is required by the Freedom of Information Act.

A record from this system of records may be 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 sellfement negotiations.

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or histher designee, during an inspection of records conducted by GSA as
part of that agency's responsibilily to recommend improvements in records managsment
practices and programs, under authority of 44 U1.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant { i.e., GSA or Commerce) direclive, Such disclosure shalf not
be used to make determinations aboul individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
gither 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 recoid may be disclosed, subject to the imitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a vietation or potential
violation of law or regulation.
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PTO/AINSS (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

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

Under the Papenwork Reduction Act of 1895, no persons are required to respond to a cellection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: Regeneron Pharmaceuticals, Inc.
Application No./Patent No.: _13/940,370 Filed/issue Date: July 12, 2013
Titled: Use of a VEGF Antagonist to Treat Angiogenic Eye Disorders

REGENERON PHARMACEUTICALS, INC. ,a corporation
(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (chose one of options 1, 2, 3, 4 below):
1. @ The assignee of the entire right, title, and interest.

2. E] An assignee of less than the entire right, title and interest (check applicable box):

|:| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners holding the
halance of the interest must be submilted to account for 100% of the ownership interest. )

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additiona! Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4, |:| The recipient, via a court proceeding or the like (e.g. bankruptcy, probate), or an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2, or 3 above {not option 4) is evidenced by either {choose one of options A or B below):
A. @ An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in

the United States Patent and Trademark Office at Reél , Frame , or for which a copy
thereof is attached.

B. D A chain of titie from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:
The document was recorded in the United States Patent and Trademark Office at

Reel , Frame . or for which a copy thereof is attached.

2. From; To:
The document was recorded in the United States Patent and Trademark Office at

Reel . Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b}. Tha infesmation is required to obtain or retain a benefit by the public which is to file {(and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is eslimated to take 12 minutes to complete, including
gathering, preparing, and submittng the completed application form {o 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.0O. Box 1450, Alexandria, VA 22313-1450. DO NQT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND

TO: Commissioner for Patents, P.0O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/9B (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

1.5, 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.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame . or for which a copy thereof is attached.
4. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel __ ,Frame____, or for which a copy thereof is attached.
5. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel ., Frame , or for which a copy thereof is attached.

6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is altached.

[:I Additional documents in the chain of title are listed on a supplemental sheet.

X As required by 37 CFR 3.73(c)(1){}}, the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08)

The undersigned (whose lille is supplied below) is authorized to act on behalf of the assignee.

{Karl Bozicevic, Reg. No. 28,807/ November 8, 2013

Signature Date

Karl Bozicevic 28,807

Printed or Typed Name Title or Registration Number
[Page 2 of 2]
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ATTY DOOKET NO.: 725481
ASSIGNMENT
Pagae tof2

ASSIGNMENT
WHEREAS, |, George I YANCOPOQULOS, residing at 1518 Baptist Church Road,

Yorktown Heights, NY 10588, am nventor of fhe invention(s) disclosed andlor cleimed in the

following patent application:
SUSE OF & VEGF ANTAGONIST TO TREAT ANGIQGENIC EYE DISORDERS”

Serial No. 13/040,370; fled July 12, 2048,

WHEREAS, REGENERON PHARMACEUTICALS, INC., a corporation organized and
existing under the laws of the State of New York, with offices at 777 Old Saw Mill River Road,
Tarrytown, New York 10531-6707, US.A, (HEREINAFTER callad "ASSIGNEE" is desirous of
acquiring my {our) entire right, ile and interest in, o, and under said application(s};

NOW, THEREFORE, in consideration of the sum of One Dollar ($1.00} fo me {is) in
hand. paid, and other good and waluable consideration, the receipt of which is hereby
acknowledged, | (WE), said ASSIGNOR(S), have sold, assigned, transferred and set over, and
by these presents do hereby sell, assign, transfer and set over unlo said ASSIGNEE, is
successors, legal representatives, and assigns, my {our) entire right, title and interest for -all
countries in and o any and all inventions which are disclosed and slaimed, and any and all
inventions which are disclosed but not claimed, n the above-described United States
application(s), and in and o sald United States Application(s) and all divisions, renewals,
coptinustions, and continuations-in-part thereof, and all Patents of the United States which may
be granted thereon and all reissuss and extensions thereof, and all applications for industrial
property profection, Including, without limitation, all applications for patents utility models, and
designs which may hereafter be fleéd for said inventions i any country or countries foralgn to
the United States, togethar with the right to file such applications and the right to claim for the
same the priority rights derived frony sald United States application(s) under the Patent Laws of
the United States, the International Convention of 1883 and Iater modifications thereof, under
the Patent Cooperatinn Treaty, under the European Patent Convention, or under any other
available international agreement or under the domestic laws of the gountry i which any such
application is filed, as may be applicabla; and afl forme of industrial property protestion,
fricluding, without mitation, patents, ulifity modals, hvenlord’ cerdificales and designs which
may be granted for said i