IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Number: 7,374,758
(Application No. 11/016,503)
For: Modified Chimeric Polypeptides with

Improved Pharmacokinetic Properties
and Methods of Using Thereof

Inventors: Papadopoulos, Davis and Yancopoulos RECEIVED
Issued: May 20, 2008 DEC 22 20M

ATENT EXTENSION
Assignee: Regeneron Pharmaceuticals, Inc. l? OPOPLA

Office of Patent Legal Administration (via hand delivery)
Room MDW 7D55

600 Dulany Street (Madison Building)

Alexandria, VA 22314

APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. §156
Dear Sir,

Applicant, Regeneron Pharmaceuticals, Inc., hereby submits this application
for extension of the term of United States Letters Patent No. 7,374,758 (the “’758
patent”) under 35 U.S.C. §156 and 37 C.F.R §1.740.

Applicant represents that it is the assignee of the entire interest in and to the
'758 patent by virtue of assignment of all rights of inventors Nicholas ]. Papadopoulos,
Samuel Davis and George D. Yancopoulos (Papadopoulos et al.) to Regeneron
Pharmaceuticals, Inc., as recorded in the U.S. Patent and Trademark Office on
December 17, 2004, Reel 016103, Frame 0015 (a copy of which is attached in
Attachment A).
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This application is based on the approval by the United States Food and Drug
Administration (“FDA") of a Biologics License Application (BLA No. BL 125387/0) on
November 18, 2011, for EYLEA ™ (aflibercept intravitreal injection, also known as
aflibercept IVT, aflibercept ophthalmic injection and aflibercept ophthalmic solution).

1. Identification of the Approved Product under 37 C.F.R. §1.740 (a)(1)

The name of the approved product is EYLEA™. The name of the active
ingredient of EYLEA™ is aflibercept, also known as VEGF trap, VEGF-trap, VEGF Trap-
Eye and VEGF-TRAPrir2. Aflibercept is a fusion protein consisting of (a) a vascular
endothelial growth factor (VEGF) receptor component having immunoglobulin-like
(Ig) domains consisting of an Ig domain 2 of a first VEGF receptor that is human Flt1
and an Ig domain 3 of a second VEGF receptor that is human Flk1; and (b) an Fc
portion of human IgG1.

2.  Federal Statute Governing Regulatory Approval of the Approved Product
under 37 C.F.R. §1.740(a)(2)

The approved product was subject to regulatory review under, inter alia, the
Public Health Service Act (42 U.S.C. § 201 et seq. , including 42 U.S.C. §262(a)) and the
Federal Food, Drug and Cosmetic Act (21 U.S.C. § 355 et seq.).

3. Date of Approval for Commercial Marketing under 37 C.F.R. §1.740 (a)(3)

7 EYLEA™ was approved for commercial marketing or use under §351 of the
Public Health Service Act on November 18, 2011.

4. Identification of Active Ingredient and Certifications Related to
Commercial Marketing of Approved Product under 37 C.F.R. §1.740(a)(4)

(a) The active ingredient of EYLEA™ is aflibercept, which is a recombinant
fusion protein consisting of a VEGF receptor component having Ig domains
consisting of an Ig domain 2 of human Flt1 and an Ig domain 3 of human
Flk1, fused to the Fc domain of human IgG1.

(b) Applicant certifies that aflibercept has not been approved for commercial
marketing or use under the Federal Food, Drug and Cosmetic Act, the
Public Health Service Act or the Virus-Serum-Toxin Act prior to the
approval granted on November 18, 2011 to the present Applicant.
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(©

(d)

Aflibercept has been approved for the treatment of patients with
neovascular (wet) age-related macular degeneration. See EYLEA™ product
label, provided as Attachment B.

EYLEA™, whose active ingredient is aflibercept, was approved for
commercial marketing pursuant to § 351 of the Public Health Service Act
(42 U.S.C. §262) under Regeneron’s existing Department of Health and
Human Services (DHHS) U.S. License No. 1760. See EYLEA™ approval letter,
provided as Attachment C.

Statement Regarding Timeliness of Submission of Patent Term Extension
Request [§ 1.740(a)(5)]

Applicant certifies that this application for patent term extension is being
submitted within the sixty (60) day period permitted for submission specified
in 35 U.S.C. § 156(d)(1), (as amended on September 16, 2011), and 37 C.F.R. §
1.720(f). The amended provisions of the America Invents Act state that the
date on which a product receives permission is the next business day if
permission is “transmitted after 4:30 P.M., Eastern Time, on a business day
...." Permission was transmitted at 5:47 P.M., Eastern Time, on Friday,
November 18, 2011, a business day. The next business day is Monday,
November 21, 2011. Accordingly, the last date on which this application may
be submitted is January 19, 2012.

Complete Identification of the Patent for Which Extension Is Being Sought
[§ 1.740(a)(6)]

The complete identification of the patent for which an extension is being

sought is as follows:

(a) Names of the inventors: Nicholas ]. Papadopoulos, Samuel Davis and
George D. Yancopoulos

(b) Patent Number: U.S. Patent No. 7,374,758 (the “758
patent”)

(c) Date of Issue: May 20, 2008

(d) Date of Expiration : January 17, 2021
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7. Copy of the Patent for Which an Extension is Being Sought [§ 1.740(a)(7)]

A copy of the '758 patent is provided as Attachment D to the present
application.

8. Copies of Disclaimers, Certificates of Correction, Receipt of Maintenance
Fee Payment, or Reexamination Certificate [§ 1.740(a)(8)]

(a) The '758 patent is subject to a terminal disclaimer, a copy of which is
attached in Attachment E.

(b)  No certificate of correction has been issued for the 758 patent.

(c)  The first maintenance fee for the ‘758 patent was paid on November 14,
2011 (See Attachment F).

(d) The 758 patent has not been the subject of a reexamination
proceeding.

9. Statement Regarding Patent Claims Relative to Approved Product
[§ 1.740(a)(9)]

The statements below are made solely to comply with the requirements of 37
C.FR § 1.740 (a)(9). Applicant notes that, as the M.P.E.P. acknowledges, § 1.740 (a)(9)
does not require an applicant to show whether or how the listed claims would be
infringed, and that this question cannot be answered without specific knowledge |
concerning acts performed by third parties. As such, these comments are not an
assertion or an admission of Applicant as to the scope of the listed claims, or whether or
how any of the listed claims would be infringed, literally or under the doctrine of
equivalents, by the manufacture, use, sale, offer for sale or the importation of any
product.

(@)  Atleast the following claims of the '758 patent claim a method of using
the approved product: claims 1 and 2.

(b)  Pursuantto M.P.E.P.§ 2753 and 37 C.F.R. § 1.740(a)(9), the following
explanation is provided which shows how the above-listed claims of the
‘758 patent claim a method of using the approved product.

(1)  Description of the approved product
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The approved product is described as follows in the approved
label for EYLEA™, a copy of which is provided as Attachment B.

EYLEA™ (aflibercept ophthalmic solution) is a recombinant
fusion protein consisting of portions of human VEGF receptors 1 and 2
extracellular domains fused to the Fc portion of human IgG1 and
specially purified and formulated as an iso-osmotic solution for
intravitreal administration. Aflibercept is a dimeric glycoprotein with a
protein molecular weight of 97 kilodaltons (kDa) and is glycosylated,
with the glycosylation constituting an additional 15% of the total
molecular mass, resulting in a total molecular weight of 115 kDa.
Aflibercept is produced in Chinese hamster ovary (CHO) K1 cells by
recombinant DNA technology.

EYLEA™ is a sterile, clear, and colorless to pale yellow, iso-
osmotic solution. It is supplied as a preservative-free, sterile, aqueous
solution in a single-use, sterile, pre-filled, glass syringe or single-use,
glass vial designed to deliver 0.05 mL (50 microliters) of EYLEA™ (40
mg/mL) with 10 mM sodium phosphate, 40 mM sodium chloride,
0.03% polysorbate 20, and 5% sucrose, pH 6.2.

Aflibercept is also described in Holash et al. Proc. Natl. Acad. Sci.
USA, August 20, 2002, Vol. 99, No. 17, pp. 11393-11398 (“Holash,”
Attachment G) as VEGF-Traprirz, which has the Ig domain 2 of VEGF
receptor 1 (VEGFR1; also known as Flt-1) fused to the Ig domain 3 of
VEGF receptor 2 (VEGFR2; also known as Flk-1), which in turn is fused
to the constant region (Fc) of human IgG1. See paragraph bridging
pages 11393 and 11394 and Figure 1A. Moreover, Holash et al.
demonstrate that aflibercept is a VEGF antagonist that binds to and
inhibits the biologic activity of human vascular endothelial growth
factor (VEGF) in various in vitro and in vivo assay systems.

(2)  Explanation Regarding Claims 1 and 2 Relative to Aflibercept

As explained below, a method for using aflibercept, the active
ingredient of the approved product, is covered by claims 1 and 2.

Claims 1 and 2 read as follows:

1. A method of inhibiting vascular endothelial growth factor
(VEGF) activity in a mammal, comprising:
administering a pharmaceutical composition to the
mammal, wherein the pharmaceutical composition comprises
(a) a VEGF antagonist, and
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(b) a pharmaceutically acceptable carrier
wherein the VEGF antagonist comprises a dimeric fusion
polypeptide comprising two fusion polypeptides, each fusion
polypeptide comprising:

(i) a VEGF receptor component consisting of an
immunoglobulin-like (Ig) domain 2 of a first VEGF receptor
human FlIt1 and Ig domain 3 of a second VEGF receptor human
FlIk1 or human Flt4; and

(ii) a multimerizing component, wherein VEGF activity is
inhibited.

2. The method of claim 1, wherein the mammal is a human.

Comparison of aflibercept to Claim 1

Aflibercept inhibits the activation of VEGF receptors by binding
to VEGF and thus, is a VEGF antagonist as defined by claim 1. See
section 12.1 of EYLEA™ label, provided as Attachment B, and as shown
further, below. As noted above, alfibercept is a dimeric glycoprotein
comprising recombinant fusion polypeptides, each of which consists of
human VEGF receptors 1 and 2 extracellular domains fused to the Fc¢
portion of human IgG1. See section 11 of EYLEA™ label. Aflibercept
includes an Ig domain 2 from VEGFR1 fused to an Ig domain 3 from
VEGFR2 as described in Holash (See Attachment G, paragraph bridging
pages 11393 and 11394 and Figure 1A). The ‘758 patent refers to
VEGFR-1 as Fltl in column 25, line 57 and refers to VEGFR-2 as Flk1 in
column 26, line 12. In addition, Holash discloses that VEGFR-1 is also
known as Flt-1 and VEGFR-2 is also known as Flk-1. See Figure 1A of
Holash. Thus, aflibercept has a VEGF receptor component consisting of
an Ig domain 2 of a first VEGF receptor human Flt-1 and an Ig domain 3
of a second VEGF receptor human Flk-1 as defined in claim 1.

Holash further describes VEGFR1 and VEGFRZ2 on page 11393, in
the second paragraph, as being “highly related transmembrane tyrosine
kinases that use their ectodomains to bind VEGF.” The disclosure of the
Flt1 and Flk1 components in the approved product and the construction
of the expression vector used in making the active ingredient in the
approved product is discussed in the ‘758 patent in Example 20, column
29, lines 41-56. The amino acid sequence of both the Flt1 and Flk1
components of the approved product are disclosed in Figures 24A-24C.
Flt1 Ig domain 2 spans amino acid residues 27 through 129 and Flk1 Ig
domain 3 spans amino acid residues 130 through 231 of the fusion
protein.
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Aflibercept comprises the Fc domain of human 1gG1 fused to the
extracellular domains from the VEGF receptors. See section 11 of
EYLEA™ label, provided as Attachment B. A “multimerizing
component” of the fusion protein of claim 1 can comprise an
immunoglobulin domain, such as the Fc domain of IgG. See col. 5, lines
42-46 and col. 7, lines 25-30 of the ‘758 patent. Thus, aflibercept also
includes a multimerizing component as defined in claim 1. The
multimerizing component of the fusion protein, the Fc region of human
IgG, is referenced throughout the '758 patent. The disclosure of the Fc
multimerizing component in the actual product is discussed in Example
20, column 29, lines 41-56, and its amino acid sequence is disclosed in
Figures 24A-24C, from amino acid residue 232 through 458.

As described in Section 11 of the EYLEA™ label (Attachment B),
EYLEA™, the approved product, is a pharmaceutical composition
comprising aflibercept (i.e. VEGF antagonist) and an iso-osmotic
aqueous solution (i.e. pharmaceutically acceptable carrier). As
explained above, aflibercept is a dimeric protein comprising two fusion
polypeptides, each of which comprises a VEGF receptor component
consisting of an Ig domain 2 of a first VEGF receptor human Flt1 and Ig
domain 3 of a second VEGF receptor human Flk1 and a multimerizing
component. Thus, the approved product is a pharmaceutical
composition administered to a mammal according to the method of
claim 1.

Aflibercept thus meets all of the limitations of claim 1.

Aflibercept inhibits VEGF activity, as shown in various Examples
throughout the ‘758 patent.

For example, aflibercept was able to block the ability of VEGF to
activate its receptor in vitro. This was shown by the ability of
aflibercept to block VEGF-induced VEGFR2 phosphorylation when
added at a 1.5 fold molar excess when compared with added VEGF (See
the '758 patent, Example 23, column 31, lines 21-67 and column 32,
lines 1-10. See also Figure 25A-C and Figure 26A-B).

Aflibercept was also effective in blocking VEGF-induced cell
proliferation in cells engineered to express a chimeric VEGFR2 receptor,
which mediates a strong cell proliferation response to VEGF in vitro
(See the 758 patent, Example 24, column 32, lines 12-51 and also
Figure 27).

Furthermore, aflibercept was also effective in inhibition of tumor
growth in mice (See the '758 patent, Example 30, column 36, lines 48-
67 and column 37, lines 1-8 and also Figure 40).

The effect of aflibercept was also studied in the female
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_reproductive system using two different readouts to assess the effect of
aflibercept on VEGF activity in rats. These are described in Example 31
of the '758 patent, column 38, lines 24-67.

In this study, pregnant mare’s serum gonadotropin (PMSG) was
injected subcutaneously to induce ovulation in pre-pubertal female rats.
This results in a surge of estradiol after two 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 weight 6
hours later. The study was done to determine if aflibercept could block
the effect of VEGF on uterine wet weight. The results demonstrated that
injection of aflibercept resulted in about a 50% reduction in uterine wet
weight. These results are shown in Figure 41.

The other assay measured the effect of aflibercept on VEGF-
induced blood vessel formation in the corpus luteum. This allows for
secretion of progesterone into the blood stream in order to prepare the
uterus for implantation. If aflibercept was effective at blocking VEGF
activity in this model, then the animals receiving aflibercept should
show areduction in progesterone in the blood stream. Injection of
aflibercept at 25 mg/kg or 5 mg/kg at one hour after injection of PMSG
resulted in complete inhibition of progesterone induction at day 4 (See
Figure 42A-42B).

Comparison of aflibercept to Claim 2

According to the EYLEA™ label, provided as Attachment B, the
approved product is intended for the treatment of human patients. In
addition, the *758 patent, at column 6, lines 43-48, lines 52-54 and lines
60-61, discloses several embodiments in which aflibercept can be used
in humans. For example, lines 43-48 described a method of decreasing
or inhibiting plasma leakage in a mammal comprising administering the
fusion polypeptide described, including embodiments wherein the
mammal is a human. Lines 52-54 describe a preferred embodiment
being a method of blocking blood vessel growth in a human comprising
administering the fusion polypeptide of the invention. Lines 60-61 note
that preferred embodiments of the methods are wherein the mammal is
a human.

Aflibercept thus meets all of the limitations of claim 2.
Conclusion

Because aflibercept meets all of the limitations of claims 1 and 2
of the '758 patent, and because aflibercept is the active ingredient of
EYLEA™, claims 1 and 2 of U.S. Patent No. 7,374,758 cover a method of
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using the approved product.
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10.

Relevant Dates Under 35 U.S.C. § 156 for Determination of Applicable

Regulatory Review Period [§ 1.740(a)(10)]

(a)

(b)

(c)

(d)

Patent Issue Date
The 758 patent issued on May 20, 2008.
IND Effective Date [35 U.S.C. § 156(g)(1)(B)(i); 37 C.F.R. § 1. 740(a)(10)(i}(A)]

The date that an exemption under § 505(i) of the Federal Food, Drug and
Cosmetic Act became effective (i.e, the date that an investigational new drug
application ("IND") became effective) for EYLEA™ (referred to in the IND-
receipt letter as “Vascular Endothelial Growth Factor Fc Protein (human,
recombinant, CHO cells, Regeneron)”) was June 15, 2005. The application date
for this IND was May 13, 2005. The IND was assigned number BB-IND #
12462. A copy of the letter from the FDA reflecting the IND’s number, date of
submission and date of receipt is provided in Attachment H.

BLA Submission Date [35 U.S.C § 156(g)(1)(B)(i); 37 C.F.R
§1.740(a)(10)()(B)]

The BLA was submitted on February 17, 2011 and received by the FDA on
February 18, 2011, as shown in Attachment I. The BLA was assigned number
BL 125387/0.

BLA Issue Date [35 US.C § 156(g)(1)(B)(ii); 37 C.F.R. § 1. 740(a)(10)(i)(C)]

The FDA approved biologic license application 125387/0 authorizing the
marketing of EYLEA™ on November 18, 2011. EYLEA™ was approved under
Department of Health and Human Services (DHHS) U.S. License No. 1760. A
copy of the approval letter from the FDA is provided as Attachment C.
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11. Summary of Significant Events During Regulatory Review Period
[§1.740(a)(11)]

Pursuant to 37 C.F.R. § 1.740(a)(11), the following provides a brief description
of the activities of Regeneron Pharmaceuticals, Inc.,, before the FDA in relation to the
regulatory review of EYLEA™. The brief description lists the significant events that
occurred during the regulatory review period for the approved product. In several
instances, communications to or from the FDA are referenced. Pursuant to 37 C.F.R. §
1.740(a)(11), 21 C.F.R. § 60.20(a), and M.P.E.P. § 2753, copies of such communications
are not provided in this application, but can be obtained from records maintained by
the FDA.

On May 13, 2005 Regeneron submitted to FDA an investigational new drug
application for a recombinant fusion protein (originally vascular endothelial growth
factor Fc protein, now aflibercept) consisting of (a) a vascular endothelial growth
factor (VEGF) receptor component having immunoglobulin-like (Ig) domains
consisting of an Ig domain 2 of a first VEGF receptor that is human Flt1 and an Ig
domain 3 of a second VEGF receptor that is human Flk1; and (b) an Fc portion of
human IgG1. The fusion protein was developed as a potential new therapeutic for
intravitreal administration for treating (wet) age-related macular degeneration.

On June 15, 2005, BB-IND #12462 became effective via a communication
mailed to Regeneron on May 24, 2005, (see Attachment H). According to the
FDA, initiation of trials could begin 30 days after May 16, 2005.

From approximately July 2005 until approximately June 2008, a series of U.S.
Phase I and II clinical trials were conducted. In addition, an extension trial is ongoing
as of the date of this application.

Between approximately July 2007 and July 2011, Phase Il clinical trials
were conducted. In addition, an extension trial is ongoing as of the date of this
application.

On June 1, 2009, representatives of Regeneron and CBER participated in a
Type € meeting to seek agency agreement on the pharmacology/toxicology program
for aflibercept.

On September 15, 2009, representatives of Regeneron and CBER participated
in a Type C meeting to review the status and development of pre-filled syringes as the
intended container-closure device to support commercialization of aflibercept.

On September 8, 2010, representatives of Regeneron and CBER participated in
a Type B pre-BLA submission meeting to discuss and review clinical results of trials
conducted prior to that date.
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On September 27, 2010, representatives of Regeneron and CBER participated
in a Type B pre-BLA submission meeting to discuss information and requirements for
the chemical, manufacturing and control (CMC) chapter of the BLA.

On April 15, 2011, FDA granted priority review for aflibercept for AMD.

On November 18, 2011, FDA approved BLA No. BL 125387/0, issuing
marketing authorization for EYLEA™. (See Attachment C.)
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12, Statement Concerning Eligibility for and Duration of Extension Sought Under
35U.5.C. § 156 [37 C.F.R § 1.740(a)(12)]

(a) In the opinion of the Applicant, U.S. Patent No. 7,374,758 is eligible for an
extension under § 156 because:

(i) one or more claims of the '758 patent claim a method of using the approved
product;

(ii) the term of the ‘758 patent has not been previously extended on the basis
of § 156;

(iii) the ’758 patent has not expired;

(iv) no other patent has been extended pursuant to § 156 on the basis of the
regulatory review process associated with the approved product, EYLEAT™ ;

(v) there is an eligible period of regulatory review by which the patent may be
extended pursuant to § 156;

(vi) the applicant for marketing approval exercised due diligence within the
meaning of § 156(d)(3) during the period of regulatory review;

(vii) the present application has been submitted within the 60-day period
following the approval date of the approved product, pursuant to § 156(c); and

(viii) this application otherwise complies with all requirements of 35 U.S.C.
§ 156 and applicable rules and procedures.

(b) The period by which the term of the 758 patent is requested by Applicant to be
extended is 775 days.

(c) The requested period of extension of term for the 758 patent corresponds to the
regulatory review period that is eligible for extension pursuant to §156, based on the
facts and circumstances of the regulatory review associated with the approved
product EYLEA™. The period was determined as follows.

(i) The relevant dates for calculating the regulatory review period, based on
the events discussed in the section above, are the following.

Exemption under FDCA § 505(i) became effective June 15, 2005 (30 days after
FDA receipt of the IND on May 16, 2005)

Patent was granted May 20, 2008
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Biologics License Application (BLA) under PHSA § 351 was filed February 17,
2011

BLA was approved November 18, 2011

(ii) The '758 patent was granted during the period specified in
§156(g)(1)(B)(i) (i.e, the period from the date of the grant of the exemption under
§ 505(i) of the FDCA until the date of submission of the BLA). Pursuant to § 156(b)
and (c)(2 ), the calculated regulatory review period includes a component equal to
half of the number of days within that period that are after the grant of the patent
(1/2 of 1002, or 501 days).

(iii) Because the patent was granted before the start of the period specified in
§ 156(g)(1)(B)(ii) (i.e, the period from the date of submission of the BLA until the
date of approval), the regulatory review period under § 156(b) includes a component
equal to the total number of days in that period (274 days).

(iv) The '758 patent will expire on January 17, 2021 taking into account the
Terminal Disclaimer (See Attachment E).

(v) Taking into account the 501 days specified in (ii) above, which accounts for
the time period between the date of grant of the exemption under § 505(i) of the
FDCA until the date of submission of the BLA), and further pursuant to § 156(b) and
(c)(2), whereby the calculated regulatory review period includes a component equal
to half of the number of days within that period that are after the grant of the patent,
plus the 274 days specified in the regulatory review period under § 156(b) and noted
in (iii) above, which includes the number of days from the date of submission of the
BLA until the date of approval, the total number of days to be included for
consideration of patent term extension is believed to be 775 days.

(vi) The date of approval of the approved product is November 18, 2011.

(vii) The date that is fourteen years from the date of approval of the approved
product is November 18, 2025.

(viii) The addition of 775 days to the time of patent expiry (which includes the
period disclaimed via the terminal disclaimer) brings the projected patent expiry date
to March 3, 2023. The date until the end of the fourteen-year period specified in §156
(c)(3) is November 18, 2025. Accordingly, the projected date of expiration taking into
account the 775 day patent term extension does not exceed the date projected to be
14 years beyond the date of BLA approval. As such, the period by which the patent
may be extended is not limited by the fourteen-year rule of § 156(c)(3).
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(ix) The '758 patent issued after the effective date of Public Law No. 98-417.
As such, the two- or three -year limit of 35 U.S.C. § 156(g)(6)(C) does not apply.

13. Statement Pursuant to 37 C.F.R. § 1.740(a)(13)

Pursuant to 37 C.F.R. § 1.740(a)(13), Applicant acknowledges its duty to
disclose to the Director of the PTO and to the Secretary of Health and Human Services
any information which is material to the determination of entitlement to the
extension sought, particularly as that duty is defined in 37 C.F.R. § 1.765. In
furtherance of this duty, Applicant wishes to inform the Director and Secretary that
concurrently with the present Application for Extension of Patent Term Under 35
U.S.C. §156 Applicant has filed an Application for Extension of Patent Term Under 35
U.S.C. §156 (plus two copies) in connection with U.S. Patent Nos. 7,374,757 and
7,070,959.

14. Applicable Fee [§ 1.740(a)(14)]

Please deduct all fees necessary pursuant to 37 C.F .R. §1.20(j) corresponding
to the fee for a patent term extension application under 35 U.S.C. § 156 from deposit
account no. 18-0650. Please deduct any additional fee or fees deemed necessary in
excess of this amount from our deposit account no. 18-0650.

15. Name and Address for Correspondence [§ 1.740(a)(15)]

Please direct all inquiries, questions, and communications regarding this
application for term extension to :

Valeta Gregg, Ph.D., ].D.

Vice President and Assistant General Counsel, Patents
Regeneron Pharmaceuticals, Inc.

777 Old Saw Mill River Rd.

Tarrytown, NY 10591-6707

Tel. 914-847-1077

Fax 914-847-7705

email: valeta.gregg@regeneron.com

)
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U.S. Patent No. 7,374,758 Page 16
Papadopoulos, et al.
Application Under 35 U.S.C. § 156

Two additional copies of this application are enclosed, in compliance with 37
C.F.R§ 1740(Db).

Sincerely,

ot b S

Attorney/Agent for Applicant
Registration No. 35,127
Dated: o/ ec oz oy
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U.S. Patent No. 7,374,758 Page 17
Papadopoulos, et al.
Application Under 35 U.S.C. § 156

Index of Attachments
Attachment A - Copy of Assignment of U.S. Patent No. 7,374,758
Attachment B - Copy of EYLEA™ Product Label
Attachment C - Copy of EYLEA™ BLA Approval letter from the FDA
Attachment D - Copy of U.S. Patent No. 7,374,758
Attachment E - Copy of Terminal Disclaimer for U.S. Patent No. 7,374,758
Attachment F - Copy of Maintenance Fee Statement for U.S. Patent No. 7,374,758
Attachment G - Copy of Holash et al. PNAS 99(17):11393-11398 (2002)
Attachment H - Copy of IND-receipt letter from FDA

Attachment | - Copy of BLA Submission acknowledgement letter from FDA
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_‘ To the Honorable Commissioner of Patents and Tra'demarks: Piease record the attached original documants or copy thereof.

1. Name of conveying party(les): 2. Name and address of receiving party(ies)

Nicholas J. Papadopoutos Name: Regeneron Pharmaceuticals, Inc.

Samuel Davis ’

Internal Address:

George D. Yancopoulos
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Street Address: 777 Oid Saw Mill River Road
[] Security Agreement [CJchange of Name
[C] other

City:_Tarrytown  state: NY_2Zip: 10891
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Att. Docket No. REG 710-A-US

ASSIGNMENT

WHEREAS, We, Nicholas J. Papadopoulos, residing at 59 Heritage Lane, Lagrangeville,
New York 12540, a citizen of the United States of Meﬁc:>Samuel Davis, residing at 332 W. 88th
Street #B2, New York, New York 10024, a citizen of the United States of America, and George D.
Yancopoulos, residing at 1519 Baptist Church Road, Yorktown Heights, New York 10598, a
citizen of the United States of America (HEREINAFTER CALLED “ASSIGNORS") are
inventor(s) of the invention(s) disclosed and/or claimed in the following patent application:

USSN 10/009,852 filed December 6, 2001,
which is the national stage filing of PCT/US00/14142 filed June 8, 1999;

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 10591-6707, U.S.A. (HEREINAFTER called “ASSIGNEE”) is desirous of
acquiring our entire right, title and interest in, to, and under the said applications;

NOW, THEREFORE, in consideration of the sum of One Dollar ($1.00) to us in hand

paid, and other good and valuable consideration, the receipt of which is hereby acknowledged, '

We, the said ASSIGNORS, have sold, assigned, transferred and set over, and by these presents do
hereby sell, assign, transfer and set over unto the said ASSIGNEE, its successors, legal
representatives, and assigns, our entire right, title and interest for all countries in and to any and all
inventions which are disclosed and claimed, and any and all inventions which are disclosed but
not claimed in the above-described United, States applications, and in and to said United States
Applications and all divisions, renewals, continuations, and continuations-in-part thereof, and all
Patents of the United States which may be granted thereon and all reissues and extensions thereof;
and all applications for industrial property protection, including, without limitation, all
applications for patents utility models, and designs which may hereafter be filed for said
inventions in any country or countries foreign to the United States, together with the right to file
such applications and the right to claim for the same the priority rights derived from said United
States applications under the Patent Laws of the United States, the International Convention of
1883 and later modifications thereof, under the Patent Cooperation Treaty, under the European

' Patent Conventlon, or under any other available international agreement or under the domestic

laws of the country in which any such application is filed, as may be applicable; and all forms of

industrial property protection, including, without limitation, patents, utility models, inventors’
certificates and designs which may be granted for said inventions in any country or countries
foreign to the United States and all extensions, renewals and reissues thereof;

AND WE HEREBY authorize and request the Commissioner of Patents and Trademarks
of the United States and any Official of any country or countries foreign to the United States

PATENT

REEL: 016103 FRAME: 0016
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i tt. Docket No. REG 710-A-US
L {USSN 10/009,852
¥ Assignment

whose duty it is to issue patents or other evidence or forms of industrial property protection on
applications as aforesaid, to issue the same to the said ASSIGNEE, their successors, legal

,—epresentatives and assigns, in accordance with this instrument;

AND WE HEREBY covenant and agree that WE have full right to convey the entire
interest HEREINAFTER assigned, and that WE have not executed, and will not execute, any

agreement in conflict herewith;

AND WE HEREBY further covenant and agree that WE will communicate to the said
ASSIGNEE, its successors, légal representatives and assigns, any facts known to us respecting said
inventions, and testify in any legal proceeding, sign all lawful papers, execute all divisional,
continuing, continuation-in-part, reissue and foreign applications, make all rightful oaths, and
generally do everything possible to aid the said ASSIGNEE, its successors, legal representatives
and assigns, to obtain and enforce proper protection for said inventions in all countries.

IN TESTIMONY HEREOF, WE hereunto set our hands and seals the day and year set

oppaosite our signatures.

Dated: &/‘7‘/0 =2 y? : LS.
‘ ichola¥/. Papadopdulos

State of New York

: S.S.
County of Westchester

On this N o day M__ﬁggl\_, before me,
Bemnadette B. Fahey, a Notary Public in and for the State and County aforesaid, personally
appeared Nicholas J. Papadopoulos, to me known, and to me known to be the person of that
name, who signed and sealed the foregoing instrument, and acknowledged the same to be his free

act and deed.

éotary Public 3

BERNADETTE B. FAHEY

Notary Public, State of New York

No. 01FAB085879
Qualitied ir Putnam County

Commission Evomes nosss 10, 2086

PATENT

REEL: 016103 FRAME: 0017
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Att. Docket No. REG 710-A-US
USSN 19/009,852

Assignment

Page 3

Dated: ﬁd‘/b 2 ‘ | / mw/éﬂvw-' L.S.

Samuel Davis

State of New York
S.S.
County of Westchester

On this _4.tL day _\iam_‘m?y_sl?ﬁl; before me,
Bernadette B. Fahey, a Notary Public in and for the State and County aforesaid, personally

appeared Samuel Davis, to me known, and to me known to be the person of that name, who
signed and sealed the foregoing instrument, and acknowledged the same to be his free act and

deed. .
EERNADETTE 6. FAHREY
Notary Public, State of New York
Nc. 01FABO3587¢

C alified in Putnam County 59.(, é“—e—’—‘t&d‘-‘ 6 - ‘m‘-‘z

~ormer . 2w Sxpires January V0. 2 :
Come .z =4 Notary Public

Dated: 2/“’/‘3 & | QM D%/\/L/’ L.S.

f: ge D. Y/gncopoulos
State of New York :

S.S.

County of Westchester

On this 4 day M__Q-_ﬂ;ol-_. before me,
Bernadette B. Fahey, a Notary Public in and for the State and County aforesaid, personally
appeared George D. Yancopoulos, to me known, and to me known to be the person of that name,
who signed and sealed the foregoing instrument, and acknowledged the same to be his free act
and deed.

Bermad tle 8. 3AA2

Notary Public

BERNADETTE B. FAREY

Notary Public, State of New York
No. 01 FABOS5878 )

Qualified ir Putnam Cou:\:y

o0
Commigsion Exrurés -1 =

PATENT
RECORDED: 12/17/2004 REEL: 016103 FRAME: 0018
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ATTACHMENT B
Copy of EYLEA™

Product Label

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881
Page 23

Joining Petitioner: Apotex



BL 125387/0
Page 9

HIGHLIGHTS OF PRESCRIBING INFORMATION
These highlights do not include all the information needed to use EYLEA
safely and effectively. See full prescribing information for EYLEA.

EYLEA™ (aflibercept) Injection

For Intravitreal Injection

Initial U.S. Approval: 2011

———————— INDICATIONS AND USAGE

EYLEA is indicated for the treatment of patients with Neovascular (Wet)
Age-Related Macular Degeneration (AMD). (1)

DOSAGE AND ADMINISTRATION.
Y For ophthalmic intravitreal injection only. (2.1)

e  The recommended dose for EYLEA is 2 mg (0.05 mL) administered by
intravitreal injection every 4 weeks (monthly) for the first 3 months,
followed by 2 mg (0.05 mL) via intravitreal injection once every
8 weeks (2 months). (2.2)

e  Although EYLEA may be dosed as frequently as 2 mg every 4 weeks
(monthly), additional efficacy was not demonstrated when EYLEA was
dosed every 4 weeks compared to every 8 weeks. (2.2)

DOSAGE FORMS AND STRENGTHS
40 mg/mL solution for intravitreal injection in a single-use vial (3)

————————————CONTRAINDICATIONS
e Ocular or periocular infection (4.1)
e Active intraccular inflammation (4.2)
& Hypersensitivity (4.3)

WARNINGS AND PRECAUTIONS
e Endophthalmitis and retinal detachments may occur following
intravitreal injections. Patients should be instructed to report any
symptoms suggestive of endophthalmitis or retinal detachment
without delay and should be managed appropriately. (5.1)
®  Increases in intraocular pressure have been seen within 60 minutes
of an intravitreal injection. (5.2)

——————————ADVERSE REACTIONS
The most common adverse reactions (25%) reported in patients receiving
EYLEA were conjunctival hemorrhage, eye pain, cataract, vitreous
detachment, vitreous floaters, and increased intraocular pressure. (6.2)

To report SUSPECTED ADVERSE REACTIONS, contact Regeneron at
1-855-395-3248 or FDA at 1-800-FDA-1088 or www.fda.gov/medwatch.

See 17 for PATIENT COUNSELING INFORMATION.
Revised: 11/2011

FULL PRESCRIBING INFORMATION: CONTENTS*

1 INDICATIONS AND USAGE
2 DOSAGE AND ADMINISTRATION
2.1  General Dosing Information
22 Dosing
2.3 Preparation for Administration
24  Administration
3 DOSAGE FORMS AND STRENGTHS
4 CONTRAINDICATIONS
4,1  Ocular or Periocular Infections
42  Active Intraocular Inflammation
43  Hypersensitivity
s WARNINGS AND PRECAUTIONS
5.1  Endophthalmitis and Retinal Detachments
5.2  Increase in Intraocular Pressure
5.3  Thromboembolic Events
6 ADVERSE REACTIONS
6.1 Injection Procedure
6.2 Clinical Studies Experience

6.3 Immunogenicity
8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
8.3  Nursing Mothers
8.4  Pediatric Use
8.5 Geriatric Use
11  DESCRIPTION
12 CLINICAL PHARMACOLOGY
12.1 Mechanism of Action
12.2 Phammacodynamics
12.3 Pharmacokinetics
13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
13.2 Animal Toxicology and/or Pharmacology
14 CLINICAL STUDIES
16 HOW SUPPLIED/STORAGE AND HANDLING
17 PATIENT COUNSELING INFORMATION

*Sections or subsections omitted from the full prescribing information
are not listed.

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881

Page 24

Joining Petitioner: Apotex



BL 125387/0
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* FULL PRESCRIBING INFORMATION

1 INDICATIONS AND USAGE

EYLEA is indicated for the treatment of patxents with Neovascular (Wet) Age-Related Macular
_ Degeneration (AMD)

2 DOSAGE AND ADMINISTRATION

21 General Dosing Information

FOR OPHTHALMIC INTRAVITREAL INJECTION ONLY. EYLEA must only be
administered by a quahﬁed physician. ,

2.2 Dosing

The recommended dose for EYLEA is 2 mg (0.05 mL or 50 microliters) administered by
intravitreal injection every 4 weeks (monthly) for the first 12 weeks (3 months), followed by

2 mg (0.05 mL) via intravitreal injection once every 8 weeks (2 months). Although EYLEA may
be dosed as frequently as 2 mg every 4 weeks (monthly), additional efficacy was not
demonstrated when EYLEA was dosed every 4 weeks compared to every 8 weeks [see Clinical
Studies (14)].

2.3 Preparation for Administration

EYLEA should be inspected visually prior to administration. If partlculates cloudmess or
discoloration are visible, the vial must not be used.

' Using aseptic technique, the mtravm'eal injection should be performed with a 30-gauge x '4-inch
mJectlon needle.

Vial
The glass vial is for single use only. -

1. Remove the protective plastic cap from the vial (see Figure 1).
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Figure 1:

2. 'Cleén the top of the vial with an alcohol wipe (see Figure 2).

Figure 2:

3. Remove the 19-gauge x 1%-inch, 5-micron, filter needle from its pouch and remove the -
1-mL syringe supplied in the carton from its pouch. Attach the filter needle to the syringe by
twisting it onto the Luer lock syringe tip (see Figure 3).
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Figure 3:

4, Push the ﬁlter needle into the center of the vial stopper until the needle touches the bottom
edge of the vial.

5. Using aseptic technique withdraw all of the EYLEA vial contents into the syringe, keeping
the vial in an upright position, slightly inclined to ease complete withdrawal (see Figure 4).

Figure 4:

6. Ensure that the plunger rod is drawn sufﬁclently back when emptying the v1a1 in order to
completely empty the filter needle :

7. Remove the filter needle from the syringe and properly dispose of the ﬂlter needle
Note: Filter needle is not to be used for intravitreal injection.

8. Remove the 30-gauge x l/z-mch injection needle from the plastic pouch and attach the
injection needle to the.syringe by firmly tw1stmg the inj ectlon needle onto the Luer lock

syringe tip (see Figure 5).

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881
Page 27

Joining Petitioner: Apotex



BL 125387/0
Page 13

Figure 5:

9. When ready to administer EYLEA, remove the plastic needle shield from the needle.

10. Holding the syringe with the needle pointing up, check the syringe for bubbles. If there are
" bubbles, gently tap the syringe with your finger until the bubbles rise to the top (see Figure
6). . ‘

Figure 6:

11. To eliminate all.of the bubbles and to expel excess drug, SLOWLY depress the plunger so -
that the plunger tip aligns with the line that marks 0.05 mL on the syringe (see Figures 7 and
8). : ' o .
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“Figure 7: o Figure 8:

Solution after
expelling alr bubbles

and excess drug .
Dosing Line

24 - Administration

The intravitreal injection procedure should be carried out under controlled aseptic conditions,
which include surgical hand disinfection and the use of sterile gloves; a sterile drape, and a
sterile eyelid speculum (or equivalent). Adequate anesthesia and a topical broad-spectrum
microbicide should be given prior to the injection.

Immediately following the intravitreal injection, patients should be monitored for elevation in
intraocular pressure. Appropriate monitoring may consist of a check for perfusion of the optic
nerve head or tonometry. If required, a sterile paracentesis needle should be available.

Following intravitreal injection, patients should be instructed to report any symptoms suggesﬁve
of endophthalmitis or retinal detachment (e.g., eye pain, redness of the eye, photophobia,
blurring of vision) without delay [see Patient Counseling Information (17)].

Each vial should only be used for the tfeatment of a single eye. If the contralateral eye requires
treatment, a new vial should be used and the sterile field, syringe; gloves, drapes, eyelid
speculum, filter, and injection needles should be changed before EYLEA is admmlstered to the

other eye.
After injection, any unused product must be discarded.

No special dosage modification is required for any of the populations that have been studwd
(e.g., gender elderly)

3 DOSAGE FORMS AND STRENGTHS

Smgle-use glass vial designed to prov1de 0. 05 mL of 40 mg/mL solution for intravitreal
_ mjectlon
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4 CONTRAINDICATIONS
4.1 Ocular or Periocular Infections

EYLEA is contraindicated in patients with ocular or periocular infections.

4.2 Active Intraocular Inflammation

EYLEA is contraindicated in patients with active intraocular inflammation.

4.3 Hypersensitivity

EYLEA is contraindicated in patients with known hypersensitivity to aflibercept or any of the
excipients in EYLEA.

5 WARNINGS AND PRECAUTIONS

51 Endophthalmitis and Retinal Detachments

Intravitreal injections, including those with EYLEA, have been associated with endophthalmitis
and retinal detachments [see Adverse Reactions (6.1)]. Proper aseptic injection technique must
always be used when administering EYLEA. Patients should be instructed to report any
symptoms suggestive of endophthalmitis or retinal detachment without delay and should be
managed appropriately [see Dosage and Administration (2.4) and Patient Counseling
Information (17)).

5.2 Increase in Intraocular Pressure

Acute increases in intraocular pressure have been seen within 60 minutes of intravitreal injection,
including with EYLEA [see Adverse Reactions (6.1)]. Sustained increases in intraocular pressure
have also been reported after repeated intravitreal dosing with VEGF inhibitors. Intraocular
pressure and the perfusion of the optic nerve head should be monitored and managed
appropriately [see Dosage and Administration (2.4)].

53 Thromboembolic Events

There is a potential risk of arterial thromboembolic events (ATEs) following intravitreal use of
VEGF inhibitors, including EYLEA. ATEs are defined as nonfatal stroke, nonfatal myocardial
infarction, or vascular death (including deaths of unknown cause). The incidence in the VIEW1
and VIEW2 wet AMD studies during the first year was 1.8% (32 out of 1824) in the combined
group of patients treated with EYLEA [see Clinical Studies (14)].
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6 ADVERSE REACTIONS

The following adverse reactions are discussed in detail in other sections of the labeling:

¢ Endophthalmitis and retinal detachments [see Warnings and Precautions (5.1)]

o Increased intraocular pressure [see Warnings and Precautions (5.2)]

¢ Thromboembolic events [see Warnings and Precautions (5.3)]

The most common adverse reactions (>5%) reported in patients receiving EYLEA were
conjunctival hemorrhage, eye pain, cataract, vitreous detachment, vitreous floaters, and increased

intraocular pressure.

6.1 Injection Procedure

Serious adverse reactions related to the injection procedure have occurred in <0.1% of -
intravitreal injections with EYLEA including endophthalmitis, traumatic cataract, and increased

intraocular pressure.

6.2 Clinical Studies Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction rates
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials

of another drug and may not reflect the rates observed in practice.

The data described below reflect exposure to EYLEA in 1824 patients with wet AMD, including
1223 patients treated with the 2-mg dose, in 2 double-masked, active-controlled clinical studies

(VIEW1 and VIEW?2) for 12 months [see Clinical Studies (14)].

Table 1: Most Common Adverse Reactions (21%) in Phase 3 wet AMD studies
Adverse Reactions EYLEA Active Control
(N=1824) (ranibizumab)
‘ ‘ (N=595)
Conjunctival hemorrhage 25% 28%
Eye pain 9% 9%
Cataract 7% 7%
Vitreous detachment 6% 6%
Vitreous floaters 6% 7%
Intraocular pressure increased 5% 1%
Conjunctival hyperemia 4% 8%
Corneal erosion 4% 5%
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Adverse Reactions | | EYLEA Active Control
(N=1824) (ranibizomab)
_ _ ‘ _ (N=595)
Detachment of the retinal pigment 3% . - 3%
epithelium » ’ ’ :
Injection site pain ‘ ” - 3% 3%
Foreign body sensatxon in eyes : 3% 4_%
Lacrlmatlon mcreased _ o ' A B 3% V 1 - 1%
VlSlonblurred : 2% iv N , 2%
Retinal plgment eplthellum tear o » : ,2%. ‘ 7 o 1%
Injection site hemorrhage -l . 1% » ) c 2%:
Eyelid edema o _ Sl 1% ' ' ) 2%
Comealedema - ,‘ . ‘ B 1% ‘ ] A ‘ 1%

Less common serious adverse reactions reported in <1% of the patlents treated w1th EYLEA
were retinal detachment, retinal tear, and endophthalmitis. Hypersensitivity has also been
reported in less than 1% of the panents treated with EYLEA.

6.3 Immunogenicity

As with all therapeutic proteins, there is a potential for an immune response in patlents treated
with EYLEA. The immunogenicity of EYLEA was evaluated in serum samples. The
immunogenicity data reflect the percentage of patients whose test results were considered
positive for antibodies to EYLEA in immunoassays. The detection of an immune response is
highly dependent on the sensitivity and specificity of the assays used, sample handling, timing of
sample collection, concomitant medications, and underlying disease. For these reasons,
comparison of the incidence of antlbodles to EYLEA with the mcxdence of antibodies to other
products may be misleading.

In the phase 3 studies, the pre-treatment incidence of immunoreactivity to EYLEA was 1% to
3% across treatment groups. After dosing with EYLEA for 52 weeks, antibodies to EYLEA were

.detected in a similar percentage range of patients. There were no dlfferences in efficacy or safety
between patients with or without 1mmunoreact1v1ty

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy

' Pregnancy Category C. Aflib ercept produced embryo-fetal toxicity when administered during
organogenesis in pregnant rabbits at intravenous doses of 3 to 60 mg/kg. A series of external,
* visceral, and skeletal malformations were observed in the fetuses. The maternal No Observed
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" Adverse Effect Level (NOAEL) was 3 mg/kg, whereas the fetal NOAEL was below 3 mg/kg. At
this dose, the systemic exposures based on Cp,ax and AUC for free aflibercept were |
approximately 2900 times and 600 times higher, respectively, when compared to correspondmg
values observed in humans after an intravitreal dose of 2 mg.

There are no adéquate and well-controlled studies in pregnant women. EYLEA should be used
during pregnancy only if the potential benefit justifies the potential risk to the fetus.

83 Nursing Mothers

It is unknown whether aﬂlbercept is excreted in human milk. Because ma.ny drugs are excreted
in human milk, a risk to the breastfed child cannot be excluded. EYLEA is not recommended
during breastfeeding. A decision must be made whether to discontinue nursing or to discontinue
treatment with EYLEA, taking into account the importance of the drug to the mother.

84 Pediatric Use _
The safety and effectiveness of EYLEA in pediatric patients have not been established.

8.5 Geriatric Use

. In the clinical studies, approximately 89% (1616/1817) of patients randomized to treatment with
EYLEA were >65 years of age and approximately 63% (1139/1817) were >75 years of age. No
significant differences in efficacy or safety were seen with increasing age in these studies.

11 . DESCRIPTION

EYLEA (aflibercept) is a recombinant fusion protein consisting of portions of human VEGF
receptors 1 and 2 extracellular domains fused to the Fc portion of human IgG1 formulated as an
iso-osmotic solution for intravitreal administration. Aflibercept is a dimeric glycoprotein with a
protein molecular weight of 97 kilodaltons (kDa) and contains glycosylation, constituting an
additional 15% of the total molecular mass, resulting in a total molecular weight of 115 kDa.
Aflibercept is produced in recombinant Chinese hamster ovary (CHO).cells.

EYLEA is a sterile, clear, and colorless to pale yellow solution. EYLEA is supplied as a
preservative-free, sterile, aqueous solution in a single-use, glass vial designed to deliver 0.05 mL
(50 microliters) of EYLEA (40 mg/mL in 10 mM sodium phosphate, 40 mM sodium chloride,
0.03% polysorbate 20, and 5% sucrose, pH 6.2).
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12 CLINICAL PHARMACOLOGY

12.1 Mechamsm of Action -

Vascular endothehal growth factor-A (VEGF-A) and placental growth factor (P1GF) are
members of the VEGF family of angiogenic factors that can act as mitogenic, chemotactic, and
vascular permeability factors for endothelial cells. VEGF acts via two receptor tyrosine kinases,
VEGFR-1 and VEGFR-2, present on the surface of endothelial cells. PIGF binds only to
VEGFR-1, which is also present on the surface of leucocytes. Activation of these receptors by
VEGF A can result in neovasculanzatlon and vascular permeability.

Aﬂlbercept acts as a soluble decoy receptor that binds VEGF-A and PIGF, and thereby can
inhibit the bmdmg and acnvatlon of these cognate VEGF receptors. _ :

12.2 Pharmacodynamics _

In the phase 3 studies anatomic measures of disease activity improved similarly in all treatment
groups from baseline to week 52. Anatomic data were not used to influence treatment decisions.

12.3 Pharmacokinetics

EYLEA is administered intravitreally to exert local effects in the eye. In patients with wet AMD,
following intravitreal administration of EYLEA, a fraction of the administered dose is expected
to bind with endogenous VEGF in the eye to form an inactive aflibercept: VEGF complex. Once
absorbed into the systemic circulation, aflibercept presents in the plasma as free aflibercept
(unbound to VEGF) and a more predominant stable inactive form with circulating endogenous
VEGF (i.e., aflibercept: VEGF complex).

Absorption/Distribution

Following intravitreal administration of 2 mg per eye of EYLEA to patients with wet AMD, the
mean Cpay Of free aflibercept in the plasma was 0.02 mcg/mL (range: 0 to 0.054 mecg/mL) and
was attained in 1 to 3 days. The free aflibercept plasma concentrations were undetectable two
weeks post-dosing in all patients. Aflibercept did not accumulate in plasma when administered as
repeated doses intravitreally every 4 weeks. It is estimated that after intravitreal administration of
2 mg to patients, the mean maximum plasma concentration of free aflibercept is more than

100 fold lower than the concentration of aflibercept required to half-maximally bind systemic
VEGF. .

The volume of distribution of free aflibercept following intravenous ) édministrationvof
-aflibercept has been determined to be approximately 6L.

Metabolism/EIimina_tion
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Aflibercept is a therapeutic protein and no drug metabolism studies have been conducted. ‘
Aflibercept is expected to undergo elimination through both target-mediated disposition via -
bindingto free endogenous VEGF and metabolism via proteolysis. The terminal elimination
half-life (t1/2) of free aflibercept in plasma was approximately 5to 6 days. aﬁer LV.

- administration of doses of 2 to 4 mg/kg aflibercept.

Specific Populations
- Renal Impairment

Pharmacokinetic analysis of a subgroup of patients (n=492) in one Phase 3 study, of which 43%
had renal impairment (mild n=120, moderate n=74, and severe n=16), revealed no differences
with respect to plasma concentrations of free aflibercept after intravitreal administration every 4
.or 8 weeks. No dose adjustment based on renal impairment status is nwded

13  NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Inipairnient of Fertility

No studies have been conducted on the mutagenic or carcinogenic potential of aflibercept.

Effects on male and female fertility were assessed as part of a 6-month study in monkeys with

intravenous administration of aflibercept at doses ranging from 3 to 30 mg/kg. Absent or

_ irregular menses associated with alterations in female reproductive hormone levels and changes
in sperm morphology and motility were observed at all dose levels. In addition, females showed .
decreased ovarian and uterine weight accompanied by compromised luteal development and
reduction of maturing follicles. These changes correlated with uterine and vaginal atrophy. A No
Observed Adverse Effect Level (NOAEL) was not identified. Based on Cy, and AUC for free
aflibercept observed at the lowest dose used of 3 mg/kg, the systemic exposures were
approximately 4900 times and 1500 times higher, respectively, than the exposure observed in

_humans after an intravitreal dose of 2 mg. All changes were reversible.

13.2 Animal Toxicology and/or Pharmacology

Erosions and ulcerations of the respiratory epithelium in nasal turbinates in monkeys treated with
aflibercept intravitreally were observed at intravitreal doses of 2 or 4 mg/eye. At the NOAEL of
0.5'mg/eye in monkeys, the systemic exposure was 42 times and 56 times higher based on Cpax
and AUC, respectively, than the exposure observed in humans after an intravitreal dose of 2 mg.
Similar effects were not seen in clinical studies [see Clinical Studies (14)].

14  CLINICAL STUDIES

The safety and efficacy of EYLEA were assessed in two randomized, multi-center, double-
masked, active-controlled studies in patients with wet AMD. A total of 2412 patients were
treated and evaluable for efficacy (1817 with EYLEA) in the two studies (VIEW1 and VIEW2)
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In each study, patients were randomly assigned in a 1:1:1:1 ratio to 1 of 4 dosing regimens:

1) EYLEA administered 2 mg every 8 weeks following 3 initial monthly doses (EYLEA 2Q8);
2) EYLEA administered 2 mg every 4 weeks (EYLEA 2Q4); 3) EYLEA 0.5 mg administered -
every 4 weeks (EYLEA 0.5Q4); and 4) ranibizumab administered 0.5 mg every 4 weeks
(ranibizumab 0.5 mg Q4). Patient ages ranged from 49 to 99 years with a mean of 76 years.

In both studies, the primary efficacy endpoint was the proportion of patients who maintained
vision, defined as losing fewer than 15 letters of visual acuity at week 52 compared to baseline.
Data are available through week 52. Both EYLEA 2Q8 and EYLEA 2Q4 groups were shown to
have efficacy that was clinically equivalent to the ranibizumab 0.5 mg Q4 group.

- Detailed results from the analysis of fhe VIEW1 and VIEW?2 studies are shown in Table 2 and
Figure 9 below. ' C
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“Table 2: Efficacy Outcomes at Week 52 (Full Analysns Set with LOCF) in VIEW1 and

VIEW2 Studles
VIEWI | vmwz
EYLEA EYLEA | ranibizu- | EYLEA EYLEA | ranibizu- "
' mab mab
2mgQ8 2mgQ4 2mg Q8 2mg Q4
weeks 2 weeks 0.5mg Q4 weeks ? weeks 0.5 mg Q4
o  weeks weeks
“Full Analysis Set 'N=301 N=304 | N=304 N=306 N=309. | N=291
Effi cacy Outcomes o ' - ‘ ' . _
Proportion of patients 94% 95% 94% 95% 95% 95%
who maintained ’ :
visual acuity (%)
(<15 letters of BCVA
. loss) 1 )
T Difference® (%) | 06 13 0.6 0.3
95.1%CD | (32,4.4) (-2.4,5.0) (29,40) | (40,33)
Meanchangein | 7.9 109 8.1 8.9 7.6 9.4
BCVA as measured
by ETDRS letter
score from Baseline ,
" Difference® in LS 03 3.2 09 2.0
mean |
©51%CD | (20,29 0.9, 5.4) (3.1,13) | (41,02
Number of patients 92 114 94 96 91 99
‘l”shfetg;‘r’s“’:favtilfzf: (31%) (38%) (31%) (31%) (29%) (34%) -
from Baseline (%) . | A ' ‘ ' _ ' '
" Difference’ (%) 04 6.6 2.6 4.6
(95.1%CD | (77,7.0) (10141) C(102,49) | (121,29

BCVA = Best Corrected Visual Aculty, CI = Confidence Interval E’I‘DRS Early Treatment Diabetic Retmopathy
Study, LOCF = Last Observation Carried Forward (baseline values are not carried forward); 95.1% confidence
intervals were presented to adjust for safety assessment conducted during the study

® After treatment initiation with 3 monthly doses

® EYLEA group minus the ranibizumab group
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ngure 9: Mean Change in Visual Acuity from Baseline to Week 52 in VIEW1 and
VIEWZ Studies
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16 HOW SUPPLIED/STORAGE AND HANDLING

Each Vial is for smgle eye use only. EYLEA is supphed in the followmg presentation [see
Dosage and Administration (2.3) and (2.4)].
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NDC NUMBER CARTON TYPE 7 CARTON_ CONTENTS »

61755-005-02 Vial one single-use, stérile, 3-mL, glaés vial containing

20.278 mL fill of 40 mg/mL EYLEA v
.| one 19-gauge x 1%-inch, S-micron, filter needle for

withdrawal of the vial contents
one 30-gauge x Y4-inch injection needle for intravitreal
injection ‘
one 1-mL syringe for administration
one package insert '

Storage - '

EYLEA should be refn'g'eratéd at 2°C to 8°C (36°F to 46°F). Do Not Freeze. Do not use beyond
the date stamped on the carton and container label. Protect from light. Store in the original carton
until time of use. E

- 17 =~ PATIENT COUNSELING INFORMATION

Patients may e_xperienée temporary visual disturbances after an intravitreal injection with
EYLEA and the associated eye examinations [see Adverse Reactions (6)]. Patients should be
advised not to drive or use machinery until visual function has recovered sufficiently.

In the daYs following EYLEA administration, patients are at-risk of develobing endophthalmitis ‘

or retinal detachment. If the eye becomes red, sensitive to light, painful, or develops a change in
vision, the patient should seek immediate care from an ophthalmologist [see Warnings and
Precautions (5.1)]. '
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REGENERON
Manufactured by:
Regeneron Pharmaceuticals, Inc.
777 Old Saw Mill River Road
Tarrytown, NY 10591-6707
U.S. License Number 1760

EYLEA™ is a trademark of Regeneron Pharmaceuticals, Inc.

© 2011, Regeneron Pharmaceuticals, Inc.
All rights reserved.

V1.0

Issue Date: November /2011

. Initial U.S. Approval: 2011

Regeneron U.S. Patents 7,306,799; 7,531,173; 7,608,261; 7,070,959; 7,374,757, 7,374,758, and

other pending patents
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Carton Label
S~
z
\ - 'i' .
O 750062 ¥ [ iocnraccssa
NEYLEA WevLea
k\/ {eercept jection ‘
For intravitreal Iyection =
2mg/0.05 mb
Singlo-use Yial

T S -
L RSN R

EYLEA i

fiberctpt) ectin > O21Y

Fer beravitres’ injection

F 2mg /0,08 mL
k  singio-use Vim [

RageneronPhamsceutical, i, Kl
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ATTACHMENT C

Copy of EYLEA™ BLA Approval
Letter from the FDA
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Subject: Approval Letter for BLA 125387

Date: Friday, November 18, 2011 5:47 PM

From: Puglisi, Michael <Michael.Puglisi@fda.hhs.gov>
To: Laura Pologe <Laura.Pologe@regeneron.com>

Hi Laura,

Here it is. Congratulations. Please confirm receipt. The hard copy will be mailed on
Monday.

Mike

Page 1 of 1
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( DEPARTMENT OF HEALTH AND HUMAN SERVICES

.

Food and Drug Administration
Silver Spring MD 20993

Our STN: BL 125387/0 BLA APPROVAL
November 18, 2011

Regeneron Pharmaceuticals, Inc.
Attention: Laura Pologe, Ph.D.
Associate Director, Regulatory Affairs
777 Old Saw Mill River Road
Tarrytown, New York 10591-6707

Dear Dr. Pologe:

Please refer to your Biologics License Application (BLA) dated February 17, 2011, received
February 18, 2011, submitted under section 351 of the Public Health Service Act for Eylea
(aflibercept).

We acknowledge receipt of your amendments dated February 28, March 10, 18, and 24, April 1,
8, 11 (two), 13 (two), and 29, May 11, 16, 23, and 27, June 3, 7, 9, 16, 20, and 28, July 8, 18, and
19, August 1, 5, 10, 12, and 31, September 1, 7, 12, 20, and 26, October 7, 21, 24, and 27, and
November 1,9, 11, and 17, 2011.

We have approved your BLA for aflibercept effective this date. You are hereby authorized to
introduce or deliver for introduction into interstate commerce, aflibercept under your existing
Department of Health and Human Services U.S. License No. 1760. Aflibercept is indicated for
treatment of neovascular (wet) age-related macular degeneration.

Under this license, you are approved to manufacture aflibercept drug substance intermediate,
drug substance, and formulated bulk at . The ﬁnal

The final formulated drug product will be labeled and packaged at

¥ You may label your product with the proprietary name
Eylea and market 1t in ajff@ single-use vial containing 0.278 mL of 40 mg/mL aflibercept, as part
of a final packaged product containing the aflibercept single-use vial, a 19-gauge x 1%-inch 5-
micron filter needle, a 30-gauge x '4-inch needle and a 1-mL plastic syringe.

The dating period for aflibercept shall be 15 months from the date of manufacture when stored at
2 -

8°C. The date of manufacture shall be defined as them
— The expiration date for the packaged product, (aflibercept single-use

vials, syringe, needle and ﬁlter needle) shall be dependent on the shortest expiration date of any
component . : “
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Results of ongoing stability should be submitted to the annual report.

You are not currently required to submit samples of future lots of aflibercept to the Center for
Drug Evaluation and Research (CDER) for release by the Director, CDER, under 21 CFR 610.2.
We will continue to monitor compliance with 21 CFR 610.1, requiring completion of tests for
conformity with standards applicable to each product prior to release of each lot.

Any changes in the manufacturing, testing, packaging, or labeling of aflibercept, or in the
manufacturing facilities, will require the submission of information to your biologics license
application for our review and written approval, consistent with 21 CFR 601.12.

We are approving this application for use as recommended in the enclosed agreed-upon labeling
text.

CONTENT OF LABELING

As soon as possible, but no later than 14 days from the date of this letter, submit, via the FDA
automated drug registration and listing system (eLIST), the content of labeling [21-601.14(b)] in
structured product labeling (SPL) format, as described at
http://www.fda.gov/Forlndustry/DataStandards/StructuredProductLabeling/default.htm, that is
identical to the enclosed labeling (text for the package insert). Information on submitting SPL
files using eLIST may be found in the guidance for industry titled “SPL Standard for Content of
Labeling Technical Qs and As” at
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/U
CMO072392.pdf. For administrative purposes, please designate this submission “Product
Correspondence — Final SPL for approved BLA STN 125387.”

The SPL will be accessible via publicly available labeling repositories.

CARTON AND IMMEDIATE CONTAINER LABELS

Submit final printed carton and container labels that are identical to the enclosed carton and
immediate container labels submitted on November 17, 2011, as soon as they are available, but
no more than 30 days after they are printed. Please submit these labels electronically according
to the guidance for industry titled “Providing Regulatory Submissions in Electronic Format —
Human Pharmaceutical Product Applications and Related Submissions Using the eCTD
Specifications (June 2008)”. Alternatively, you may submit 12 paper copies, with 6 of the copies
individually mounted on heavy-weight paper or similar material. For administrative purposes,
designate this submission “Product Correspondence — Final Printed Carton and Container
Labels for approved BLA STN 125387.” Approval of this submission by FDA is not required
before the labeling is used.
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Marketing the product(s) with final printed labeling (FPL) that is not identical to the approved
labeling text may render the product misbranded and an unapproved new drug.

REQUIRED PEDIATRIC ASSESSMENTS

Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c¢), all applications for new
active ingredients, new indications, new dosage forms, new dosing regimens, or new routes of
administration are required to contain an assessment of the safety and effectiveness of the
product for the claimed indication(s) in pediatric patients unless this requirement is waived,
deferred, or inapplicable. We are waiving the pediatric study requirement for this application
because the product treats a disease that does not exist in pediatric age groups.

POSTMARKETING REQUIREMENTS UNDER 505(0)

Section 505(0)(3) of the Federal Food, Drug, and Cosmetic Act (FDCA) authorizes FDA to
require holders of approved drug and biological product applications to conduct postmarketing
studies and clinical trials for certain purposes, if FDA makes certain findings required by the
statute. :

We have determined that an analysis of spontaneous postmarketing adverse events reported
under subsection 505(k)(1) of the FDCA will not be sufficient to identify an unexpected serious
risk of corneal endothelial cell decompensation following the intravitreal administration of Eylea
(aflibercept).

Furthermore, the new pharmacovigilance system that FDA is required to establish under section
505(k)(3) of the FDCA will not be sufficient to assess this serious risk.

Finally, we have determined that only a clinical trial (rather than a nonclinical or observational
study) will be sufficient to identify an unexpected serious risk of corneal endothelial cell
decompensation following the intravitreal administration of Eylea (aflibercept).

Therefore, based on appropriate scientific data, FDA has determined that you are required to
conduct the following:

1. Provide clinical information from a 1-year (minimum) clinical trial evaluating the
adverse effects, if any, on the corneal endothelium following administration of
aflibercept.

The timetable you submitted on October 24, 2011, states that you will conduct this trial
according to the following schedule:

Final Protocol Submission: March 2012
Trial Completion: November 2015
Final Report Submission: May 2016

Submit the protocol to your IND 12462, with a cross-reference letter to this BLA. Submit all
final report(s) to your BLA. Prominently identify the submission with the following wording in
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bold capital letters at the top of the first page of the submission, as appropriate: “Required
Postmarketing Protocol Under 505(0)”, “Required Postmarketing Final Report Under
505(0)”, “Required Postmarketing Correspondence Under 505(0)”.

Section 505(0)(3)(E)(ii) of the FDCA requires you to report periodically on the status of any
study or clinical trial required under this section. This section also requires you to periodically
report to FDA on the status of any study or clinical trial otherwise undertaken to investigate a
safety issue. Section 506B of the FDCA, as well as 21 CFR 601.70 requires you to report
annually on the status of any postmarketing commitments or required studies or clinical trials.

FDA will consider the submission of your annual report under section 506B and 21 CFR 601.70
to satisfy the periodic reporting requirement under section 505(0)(3)(E)(ii) provided that you
include the elements listed in 505(0) and 21 CFR 601.70. We remind you that to comply with
505(0), your annual report must also include a report on the status of any study or clinical trial
otherwise undertaken to investigate a safety issue. Failure to submit an annual report for studies
or clinical trials required under 505(0) on the date required will be considered a violation of
FDCA section 505(0)(3)(E)(ii) and could result in enforcement action.

POSTMARKETING COMMITMENTS NOT SUBJECT TO THE REPORTING
REQUIREMENTS UNDER SECTION 506B

We remind you of your postmarketing commitments:

2. To conduct three drug product hold time studies of the 40 mg/mL vial presentation filled
atﬂ site. Material will be held at commercial scale, and
microbiological samples (total viable count, bacterial endotoxin) will be taken at the end

of the hold times. The completed validation report will be submitted as a CBE-0
supplement.

The timetable you submitted on November 11, 2011, states that you will conduct this
study according to the following schedule:

Final Report Submission: November 2012

3. To conduct three drug product hold time studies for the 40 mg/mL vial presentation filled

at the A& site. These studies will include t=0 and end of hold samples

for product quality (pH, purity by size exclusion, purity by nrSDS-PAGE, charge variant

distribution by IEF, isoaspartate, and potency of aflibercept) evaluation. The completed
validation report will be provided as a CBE-0 supplement.

The timetable you submitted on November 11 2011, states that you will conduct this
study according to the following schedule:

Final Report Submission: June 2012
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4,

To conﬁrmH by the aflibercept process. The
) stu y will be performed under protocol on three lots of drug substance

d

prod uced at the commercial scale. ! will be measured with a validated analytical
test method for determining . The completed method
validation and final reports will be submutted in the 2012 annual report by January 2013.

The timetable you submitted on November 11, 2011, states that you will conduct this
study according to the following schedule:

Final Report Submission: January 2013

To re-evaluate the release and shelf-life specifications for aflibercept drug product after
30 commercial manufacturing runs to reflect increased manufacturing experience. The
revisions to the quality control system, the corresponding data from the 30 commercial
manufacturing runs, and the analysis and statistical plan used to evaluate the
specifications and any changes to specifications will be provided in a PAS within 60 days
after completion of the 30™ lot manufactured using the commercial process or by
December, 2014, whichever occurs first.

The timetable you submitted on November 11, 2011, states that you will conduct this
study according to the following schedule:

Final Report Submission: December 2014

To re-evaluate the release and shelf-life specifications for aflibercept drug substance after
30 commercial manufacturing runs to reflect increased manufacturing experience. The
revisions to the quality control system, the corresponding data from the 30 commercial
manufacturing runs, and the analysis and statistical plan used to evaluate the
specifications and any changes to specifications will be provided in a PAS by within 60
days after completion of the 30™ lot manufactured using the commercial process or by
June, 2013, whichever occurs first.

The timetable you submitted on November 11, 2011, states that you will conduct this
study according to the following schedule:

Final Report Submission: June 2013

To re-evaluate the release and shelf-life specifications for aflibercept drug substance
intermediate after 30 commercial manufacturing runs to reflect increased manufacturing
experience. The revisions to the quality control system, the corresponding data from the
30 commercial manufacturing runs, and the analysis and statistical plan used to evaluate
the specifications and any chan&es to specifications will be provided in a PAS within 60
days after completion of the 30™ lot manufactured using the commercial process or by
June, 2014, whichever occurs first.
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The timetable you submitted on November 11, 2011, states that you will conduct this
study according to the following schedule:

Final Report Submission: June 2014

8. To re-evaluate the release and shelf-life specifications for aflibercept formulated bulk
after 30 commercial manufacturing runs to reflect increased manufacturing experience.
The revisions to the quality control system, the corresponding data from the 30
commercial manufacturing runs, and the analysis and statistical plan used to evaluate the
specifications and any changes to specifications will be provided in a PAS within 60 days
after completion of the 30™ lot manufactured using the commercial process or by June,
2013, whichever occurs first.

The timetable you submitted on November 11, 2011, states that you will conduct this
study according to the following schedule:

Final Report Submission: June 2013

Submit clinical protocols to your IND 12462 for this product. Submit nonclinical and chemistry,
manufacturing, and controls protocols and all final reports to this BLA. In addition, under 21

CFR 601.70 you should include a status summary of each commitment in your annual progress
report of postmarketing studies and clinical trials to this BLA. The status summary should
include expected summary completion and final report submission dates, any changes in plans
since the last annual report, and, for clinical studies/trials, number of patients entered into each
study/trial. All submissions, including supplements, relating to these postmarketing
commitments should be prominently labeled “Postmarketing Commitment Protocol,”
“Postmarketing Commitment Final Report,” or “Postmarketing Commitment
Correspondence.”

REPORTING REQUIREMENTS

You must submit adverse experience reports under the adverse experience reporting
requirements for licensed biological products (21 CFR 600.80). You should submit
postmarketing adverse experience reports to:

Food and Drug Administration -

Center for Drug Evaluation and Research
Central Document Room

5901-B Ammendale Road

Beltsville, MD 20705-1266

Prominently identify all adverse experience reports as described in 21 CFR 600.80.

The MedWatch-to-Manufacturer Program provides manufacturers with copies of serious adverse
event reports that are received directly by the FDA. New molecular entities and important new
biologics qualify for inclusion for three years after approval. Your firm is eligible to receive
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copies of reports for this product. To participate in the program, please see the enrollment
instructions and program description details at
http://www.fda.gov/Safety/Med Watch/HowToReport/ucm]66910.htm.

You must submit distribution reports under the distribution reporting requirements for licensed
biological products (21 CFR 600.81).

You must submit reports of biological product deviations under 21 CFR 600.14. You should
promptly identify and investigate all manufacturing deviations, including those associated with
processing, testing, packing, labeling, storage, holding and distribution. If the deviation involves
a distributed product, may affect the safety, purity, or potency of the product, and meets the other
criteria in the regulation, you must submit a report on Form FDA-3486 to:

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Compliance Risk Management and Surveillance
5901-B Ammendale Road

Beltsville, MD 20705-1266

Biological product deviations, sent by courier or overnight mail, should be addressed to:

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Compliance Risk Management and Surveillance
10903 New Hampshire Avenue, Bldg. 51, Room 4206
Silver Spring, MD 20903

PROMOTIONAL MATERIALS

You may request advisory comments on proposed introductory advertising and promotional
labeling. To do so, submit, in triplicate, a cover letter requesting advisory comments, the
proposed materials in draft or mock-up form with annotated references, and the package insert
to:

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Drug Marketing, Advertising, and Communications
5901-B Ammendale Road

Beltsville, MD 20705-1266

You must submit final promotional materials, and the package insert, at the time of initial
dissemination or publication, accompanied by a Form FDA 2253. For instruction on completing
the Form FDA 2253, see page 2 of the Form. For more information about submission of
promotional materials to the Division of Drug Marketing, Advertising, and Communications
(DDMAC), see http://www.fda.gov/AboutFDA/CentersOffices/CDER/ucm090142.htm.

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881
Page 50

Joining Petitioner: Apotex



BL 125387/0
Page 8

All promotional claims must be consistent with and not contrary to approved labeling. You
should not make a comparative promotional claim or claim of superiority over other products
unless you have substantial evidence to support that claim.

POST-ACTION FEEDBACK MEETING

New molecular entities and new biologics qualify for a post-action feedback meeting. Such
meetings are used to discuss the quality of the application and to evaluate the communication
process during drug development and marketing application review. The purpose is to learn
from successful aspects of the review process and to identify areas that could benefit from
improvement. If you would like to have such a meeting with us, call the Regulatory Project
Manager for this application.

If you have any questions, call Michae! Puglisi, Regulatory Project Manager, at
(301) 796-0791.

Sincerely,

/ Edward Cox. M.D., M.P.H./

Edward Cox, M.D., M.P.H.

Director

Office of Antimicrobial Products

Center for Drug Evaluation and Research

ENCLOSURES:
Content of Labeling
Carton and Container Labeling
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Fig.10A.

10 20 30 40

* * * -« * L -
RATG GTC AGC TAC TGG GRC ACC GGG GTC CIG CIG TGC GOG 016
TAC CAG TCG RTG ALC CTG TGG OCC CAG GAC GAZ ACG OGC GAC
Met Val Ser Tyr Trp Asp Thr Gly Val Leu leu Cys Ala Leu

70 80 80 100 110 120

- - [ . + L -

ACA GGA TCT AST TCA GIT TCA ARA TTA AAA GAT CCT GAR CTG AQT TTA AAA GGC ACC CAG
TGCT COT AGA TCA AGT OCA AGT TTIT AAT TIT CTA GGA CIT GAC TCA AAT TIT CCG 1GG GTC
Thr Gly Sexr Sexr Ser Gly Sex Lys Leu Lys Asp Prs Glu leu Ser Leu Lys Gly Thr Gln>

130 140 150 160 170 180

» -« * [ * * * . * -« L] *
CAC ATC ATS CAA GCA G3C CAG ACA CTG CAT CIC CAA TGC AGG G233 GAA GCA GCC CAT ARA
OIS TAG TAC GTT CGT OCG GIC TGT GAC GTA GAS GTT ACG TCC OCC CIT COT OGG GTA TIT
His Ile Met Gln Ala Gly Gln Thr Leu Ris leu Gln Cys Arg Gly Glu Ala Ala His Lys>

190 200 210 220 230 280

% * - [ ] - * L] * - L ] * [ ]
TGG TCT TTGC CCT GAA ATG GTG AGQT AAS GAA AGC GAA AGG CTG AGC ATA ACT AAA ICT GCOC
ACC AGA AAC GGA CTT TAC CAC TCA T7C CTT TOGF CTT TCC GAC TOG TAT TGA TIT AGA CG
TP Ser Leu Pro Glu Met Val Sexr Lys Glu Ser Glu Arg Leu Ser Ile Thr Lys Sexr Ala>

250 260 270 280 290 300

* + * * * - [ * - -«
TCT GRA AGA ART GOC ARA CAA TIC TGC AGT ACT TTA ACC TTG ARC ACA GOT CAR GCR ML
Cys Gly Arg Asn Gly Lys Gln Phe Cys Ser Thxr Leu Thr Leu Asn Thr Ala Gln Ala Asn>

r -

310 320 330 340 1s0 360

* * -* *® - * * * * - [ 3 +*
CAC ACT GGC TTC TAC AGC TGC AAA TAT CTA GOT GTA CCT ACT TCA ARG ARG ARG GAR ACA
QTG TGA COG AAG ATG TOG ACG TTT ATA GAT CGA CAT GGA TGA AGT TIC TIC TIC CTT 19T
His Thr Gly Phe Tyr Ser Cys Lys Tyr Leu Ala Val Pro Thr Ser Lys lLys lys Glu Thr>

370 380 asoe 400 410 420
L 3 [ ] - * - - * - * * * L]
GAR TCT GCA ATC TAT ATA TIT ATT AGT GAT ACA GGT AGA CCT TTC GTA GAG ATS TAC AGT
CTT AGA CGT TAG ATA TAT AAA TAA TCA CTA TGT CCA TCT GGA ARG CAT CTC TAC ATG TCA

Glu Ser Ala Ile Tyr Ile Fhe Ile Ser Asp Thr Gly Arg Pro Phe Val Glu Met Ty Sex>

&30 440 450 460 470 460

- -« * - - * () [ ] - * - -
GAA ATC CCC GAA ATT ATA CAC ATG ACT GAA GGA AGG GAG CTC GTC ATT CCC TGC OGG GIT
CTT TAG GGG CIT TAA TAT GIG TAC TGA CIT CCT TCC CTC GAG CAG TAA GGG ALG GOC CAR
Glu Ile Pro Glu Ile Ile His Met Thr Glu Gly Arg Glu Leu val Ile Pro Cys Arg Val>

430 500 510 520 530 540
*

- * - [] - . - - - -

ACG TCA CCT AAC ATC ACT GIT ACT TTA ARR ARG TTT CCA CTT

*
. GAC ACT TTG ATC CCT GAT
TGC AGT GGR TIG TAG TGA CAA TGA AAT TTT TIC AAA GGT GRA CTG TGA AAC TAS GGA CTR
Thr Ser Pro Asn Ile Thr Val Thxr Leu Lys Lys Phe Pro Leu Asp Thr leu Ile Pro Asp>
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Fig.10B.

550 560 570 580 590 600

-* * » -« * * - - -« * * *
GGA ARA CGC ATA ATC TGG GAC AGT AGA ARG GGC TTC ATC ATA TCA AAT GCA ACG TAC ARA
CCT TTT GOG TAT TAG ACC CTG TCA TCT TIC CCG ARG TAG TAT AGT TTA CGT TGC ATG TTT
Gly Lys Arg Ile Ile Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr Tyr Lys>

610 620 630 640 650 660

* [ L] * * - * * * L] * *
GAA ATA GGG CTT CTG ACC TGT GAA GCA ACA GTC AAT GGG CAT TTG TAT AAG ACA AAC TAT
CTT TAT CCC GAA GAC TGG ACA CTT CGT TGT CAG TTA COC GTA AAC ATA TTIC TGT TTG ATA
Glu Ile Gly Leu Leu Thr Cys Glu Ala Thr Val Asn Gly His Leu Tyr Lys Thr Asn Tyr>

670 680 6950 700 710 720

[ 4 * * * ] - * L 4 - * * *
CTC ACA CAT OGA CAA ACC AAT ACA ATC ATA GAT GTC CAA ATA AGC ACA CCA CGC CCA GIC
GAG TGT GTA GCT GIT TGG TTA TGT TAG TAT CTA CAG GTT TAT TCG TGT GGT GOG GGT CAG
Leu Thr Hig Arg Gln Thr Asn Thr Ile Ile Asp Val Gln Ile Ser Thr Pro Arg Pro Val>

730 740 750 760 770 780

L 3 - * L * * * * L * * *
ARR TTA CTT AGA GGC CAT ACT CTT GTC CTC AAT TGT ACT GCT ACC ACT CCC TTG AAC ACG
TTT AAT GAA TCT COG GTA TGA GAA CAG GAG TTA ACA TGA CGA TGG TGA GGG AAC TIG TGC
Lys Leu Leu Arg Gly His Thr Leu Val Leu Asn Cys Thr Ala Thr Thr Pro Leu Asn Thr>

790 800 810 820 830 B40

- * * * * L 2 * - * -* * -
AGA GTT CAA ATG ACC TGG AGT TAC CCT GAT GAA AAA AAT AAG AGA GCT TCC GTA AGG CGA
TCT CAA GTT TAC TGG ACC TCA ATG GGA CTA CTT TTT TTA TTC TCT OGA AGG CAT TCC GCT
Arg Val Gln Met Thr Trp Ser Tyr Pro Asp Glu Lys Asn Lys Arg Ala Ser Val Arg Arg>

850 860 870 880 890 900

- * * * L ] - - * * - * *
CGAMTGMNMMTMCM@AACMATNTMMMMMAN&CW
GCT TAA CTG GTT TCG TTA AGG GTA CGG TTC TAT AAG ATGC TCA CAA GAA TGA TAA CIG TIT
Arg Ile Asp Gln Ser Asn Ser His Ala Asn Ile Phe Tyr Ser Val Leu Thr Ile Asp Lys>

910 920 230 940 950 960

* * * * * * * * L ] * * *

ATG CAG AAC AARA GAC AAA GGA CTT TAT ACT TGT OGT GTA AGG AGT GGA CCA TCA TIC AAA
TAC GTC TTG TTT CTG TTT CCT GAA ATA TGA ACA GCA CAT TCC TCA CCT GGT AGT ARG TIT
Met Gln Asn Lys Asp Lys Gly Leu Tyr Thr Cys Arg Val Arg Ser Gly Pro Ser Fhe Lys>

9870 980 990 1000 1010 1020

* * * * * * * * * - * *
TCT GTT AAC ACC TCA GTG CAT ATA TAT GAT AAR GCA GGC CCG GGC GAG OCCC AAR TCT TGT
AGA CAA TTG TGG AGT CAC GTA TAT ATA CTA TTT CGT CCG GGC CCG CTC GGG TIT AGA ACA
Ser Val Asn Thr Ser Val His Ile Tyr Asp Lys Ala Gly Pro Gly Glu Pro Lys Ser Cys>

1030 1040 1050 1060 1070 1080

* - -« - -« * - -* * * - -«
GAC AAA ACT CAC ACA TGC CCA CCG TGC CCA GCA CCT GAA CTC CTG GGG GGA CCG TCA GIC
CTG TTT TGA GTG TGT ACG GGT GGC ACG GGT CGT GGA CTT GAG GAC OCC CCT GGC AGT CAG
Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val>
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Fig.10C.

1090 1100 1110 1120 1130 1140

® - L ] ¢ - -« * * * * - *
TTC CTC TTC CCC CCR ARA CCC AAS GAC ACC CTC ATG ATC TCC OGG ACC COCT GAG GIC ACA
ARG GAG ARG GGG GGT TTT GGG TIC CIG TGG GAG TAC TAG AGG GCOC TGG GGA CTC CAG TGT
Fhe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr>

115 0. 1160 1170 1180 1190 1200

* - L] - - - * [ ] - [ ] * «
TGC GIG GTG GTG GAC GTG AGC CAC GAA GAC CCT GAS GTC AAG TTC ARC TGG TAC GIG GAC
ACG CAC CAC CAC CTG CAC TOG GG CTT CTG GGA CTC CAG TTC AAG TTG ACC ATG CAC CTG
Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu val Lys Fhe Asn Trp Tyr Val Asp>

1210 1220 1230 1240 1250 1260

+ * L 3 - -« - + * * * - *
s;cmensmcmmwwcmmmmmmmcmmmmcmm
COOG CAC CIC CAC GTA TTA CGG TTC TGT TIC GGC GCOC CIC CIC GIC AIG TTG TCG TGC AIG
Gly val Glu Val Eis Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Sexr Thr Tyr>

1270 1280 1290 1300 1310 1320
* *

- * * * * * * L] L] -

CGT GTG GTC AGC GTC CTC ACC GTC CTG CAC CAG GAC TGG CTG AAT GGC ARG GAG TRC RAG
GCA CAC CAG TCG CAG GAG TGG CAG GAC GTG GTC CTG ACC GAC TTA 00OG TIC CTC AIG TTC
Arg Val val Ser Val Leu Thr Val leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyt Lys>

1330 1340 1350 1360 1370 1380

* * * + - * L * * * * L
TGC AAG GTC TCC AAC AAR GCOC CTC CCA GOC CCC ATC GAG AAA ACC ATC TCC AAR GCC AAA
ACG TIC CAS AGG TTG TIT CGG GAG GGT CGG GGG TAG CTC TTT TGG TAS AGG TIT G TIT
Cys Lys Val Ser Asn Lys Ala Len Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys>

1390 1400 1410 1420 1430 1440

* L 3 * ® * * * [ 4 L] * * *
GGG CAG CCC CGA GAA CCA CAG GTG TAC ADC CTG CCC CCA TCC CGG GAT GARG CTG ACC ANG
CCC GTC GGG GCT CTT GGT GTC CAC ATG TGS GAC GGG GGT AGE GCC CTA CIC GAC 166G TIC
Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Tor Llys>

1450 1460 1470 1480
* *

- - * * L4

1490 1500
. * * LI
ARC CAG GTC AGC CTG ACC TGC CTG GTC ARA GGC TIC TAT CCC AGC GAC ATC GOC GIG GAS
TTG GTC CAG TCG GAC TGS ACG GAC CRG TTT COG ARG ATA GGG TCG CTG TAG OGS CAC CIC

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyxr Pro Ser Asp Ile Ala Val Glu>

1510 1520 1530 1540 1550 1560

- L] . L ] * * . . ® [ L] *

TGG GAG AGC AAT GGG CAG COG GAG AAC AAC TAC AAG ACC ACG CCT CCC GIG CT7G GAC TCC
ACC CTC TCG TTA CCC GTC GGC CTC TIG TIG ATG TIC TGS TGC GGA GGG CAC GAC CIG AGG
Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Sex>

1570 1580 1590 1600 1610 1620

* - * + * - - * - L * *

GAC GGC TCC TIC TTC CTC TAC AGC AAG CTC ACC GTG GAC AAG AGC AGG TSG CAG CAG GGG
CTG COG AGG AAG ARG GAG ATG TOG TIC GAG TGG CAC CTG TTC TCG TCOC ACC GTC GIC CCC
Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly»>
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Fig.10D.

1630 1640 1650 1660 1670 1680

* * * *« * * L ] * * - * *

AAC GTC TIC TCA TGC TCC GTG ATG CAT GAG GOT CTG CAC AAC CAC TAC ACG CAG AAG AGC
TIG CAG ARG AGT ACG AGG CAC TAC GTA CTC CGA GAC GTG TIG GIG ATG TGC GIC TTC TCG
Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln lys Ser>

1690 1700

* * * -

CIC 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.13A.

10 2

Met val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser Cys Leu leu Leuw>

70 80 90 100 110 120
* * + * * . * * - L L .
ACA GGR TCT AGT TCA GGT TCA AAR TTA AAA GAT CCT GAA CTG AGT TTA ARAR GGC ACC CAG
TGT CCT AGA TCA AGT CCA AGT TTT AAT TTT CTA GGA CTT GAC TCA AAT TTT CCG T6G GIC
Thr Gly Ser Ser Ser Gly Ser Lys Leu Lys Asp Pro Glu Leu Ser Leu Lys Gly Thr Gln>

130 140 150 160 170 180

* * * * - * * L 4 * -« * *
CAC ATC ATG CAA GCA GGC CAG ACA CTG CAT CTC CAA TGC AGG GGG GAA GCA GCC CAT ARA
GTG TAG TAC GPT OGT COG GTC TGT GAC GTA GAG GTIT ACG TCC CCC CTT CGT CGG GIA TTT
His Ile Met Gln Ala Gly Gin Thr Leu His Leu Gln Cys Arg Gly Glu Ala Ale His lys>

190 200 210 220 230 24D

* * * * « * * * * L ] - *
mmmmmammmmmmmmmmmmmmccc
ACC AGA AAC GGA CTT TAC CAC TCA TTC CTT TCG CTT TCC GRC TOG TAT TGA TIT AGA CGG
'l‘:pSerLeu?roGluMetValSe:DysGluSe:GluArgLeuSerIleThrLysSerAlv

250 260 270 280 290 300
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Glu Ser Ala Ile Tyr Ile Phe Ile Ser Asp Thr Gly Arg Pro Fhe Val Glu Met Tyr Ser>
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- * - * - * - L] -« - - *
GAA ATC CCC GAR ATT ATA CAC ATG ACT GAA GGA AGG GAG CTC GTC ATT CCC TGC OGS GTT
CTT TAG GGG CTT TAR TAT GTG TAC TGA CTT CCT ICC CTC GAG CAG TAA GGG ACG GOC CAA
Glu Ile Pro Glu Ile Ile His Met Thr Glu Gly Arg Glu Leu Val Ile Pro Cys Arg Val>

480 500 510 520 $30 540

» * « - - - [ 3 * * * * *
ACG TCA CCT AAC ATC ACT GTT ACT TTA AAR ARG TTT CCA CTT GAC ACT TTG ATC CCT GAT
TGC AGT GGA TIG TAG TGA CAAR TGA ART TIT TTC AAA GGT GAA CTG TGA AAC TAG GGA CTA
Thr Ser Pro Asn Ile Thr Val Thr Leu Lys Lys Phe Pro Leu Asp Thr Leu Ile Pro Asp>
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Fig.13B.

550 560 570 580 580 600

L ] * * * - - L ] * * - * L ]
Gahmmcmnmcmccncmmmmcmmcxmmmrcc&mmm
mmo&mrmmmmmmmmmmmnammamm
Gly Lys Arg Ile Ile Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr Tyr Lys>

610 620 630 . 640 650 660

* * - L] * - * « - * . L]
GAAMAGX}UM‘CMACCMGHAGQACAGMMTGI?CATMTATMGMAACTAT
mmmmmmmmmmmmc&cmm.ammmmm
GlunealyheubeumcyscluammvalmelymsbeuZytlaysmrasnw

670 680 690 700 710 720
- L - * *® - » - - * * *
mmmmmmcammmameummammcmmc&mm
GAG TGT GTA GCT GIT 7GG TTA TGT TAG TAT CTA CAG GTT TAT TCG TGT GGT GCG GGT CAG

mm:nismslnmunmneneAspvnslnnesermp:ommvu>

730 740 750 760 770 780

[ ] * [ ] A\ d * * * L ] -« * L ¢ *
mmncmmsccmrmcmcmcmammmmmmcccmmm
mxmmmommmmmmmmmmmmmmmm
Lys Leu Len Arg Gly His Thr Leu Val Leu Asn Cys Thr Ala Thr Thr Pro Leu Asn Thr>

750 800 810 820 830 840

- - * - « - * L ] -* * * *
mmmammmmmmmwmmmmmammcmmm
mmmmmmcmmmmmmmmmnammmm
Arg Val Gln Met Thr Trp Ser Tyr Pro Asp Glu Ile Asp Gln Ser Asn Ser His Ala Asn>

850 860 870 B8BO 890 900
-«

- * * * * * * L] * - L]
ATA TTC TAC AGT GTT CTT ACT ATT GAC AAA ATG CAG AAC AAR GAC AAA GGA CTT TAT ACT
mmmmmmmmm&ammmmmmmmmmm&m
nePheTyzSa-ValLeu'mrnehspnysmtclnaanw;}\spnysclyuumw

510 820 930 840 250 960

- + . -« - - . . - . ‘e Y
TGT CST GTA AGG AGT GGA CCA TCA TIC AAR TCT GTT ARC ACC TCA GTG CAT ATA TAT GAT
mmmmmmmmmmmmmmmwmxnrmm
Cys Arg Val Arg Ser Gly Pro Ser Phe Lys Ser Val Asn Thr Ser Val His Ile Tyr Asp>

870 980 990 1000 1010 1020

* * * - - * * * * ” * L4

mwmmmmmwmmmmmmmmmmmm
mmmmm-mmmmmmmmmmmmmmm
Lys Ala Gly Pro Gly Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro>

1030 1040 1050 1060 1070 1080
-

- -« - - - - * - - -« L

mmmmm@mmmmmmmmmmmmmm
mmmmmmms&mmmmmmmmmmcmm
Ada ?tosluleubeuGlyGlyProSe:ValPheLeul’hePro?robys?ro Llys Asp Thr>

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881
Page 69

Joining Petitioner: Apotex



U.S. Patent May 20, 2008 Sheet 17 of 55 US 7,374,758 B2

Fig.13C.
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Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp>
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CCT GAG GTC ARG TTC ARC TGG TAC GTG GAC GGC GTG GAG GTG CAT AAT GCC AAG ACA AXG

GGA CTC CAG TTC AAG TTG ACC ATG CAC CTG O0G CAC CTC CAC GTA TTA CGG TIC TGT TIC
Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys>
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OCG OGG GAG GAG CAG TAC AAC AGC ACG TAC CGT GIG GTC AGC GTC CTC ACC GIC CTG CAC
GGC GCC CTC CTC GTC ATG TTG TCG TGC ATG GCA CAC CAG TCG CAG GAG TGG CAG GAC GTG
Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Vel Leu His>
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COG AAG ATA GGG TOG CTG TAG OGS CAC CTC ACC CTC TCG TTA CCC GTC GGC CTC TIG TIG
Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn>
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* * * - * * * * * * . *
TAC ARG ACC ACG CCT CCC GTG CTG GAC TCC GAC GGC TCC TTC TTC CTC TAC AGC AAG CTC
ATG TTC TGG TGC GGA GGG CAC GAC CTG AGG CTG CCG AGG AAG ARG GAG ATG TCG TIC GAG
Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser FPhe Phe Leu Tyr Ser Lys Leu>
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ACC GTG GAC ARG AGC AGG TGG CAG CAG GGG AAC GTC TTC TCA TGC TCC GTG ATG CAT GAG
TGG CAC CTG TTC TOG TCC ACC GTC GTC CCC TTG CAG ARG AGT ACG AGG CAC TAC GTA CIC
Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu>
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Fig.13D.
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GCT CTG CAC AAC CAC TAC ACG CAG AAG AGC CTC TCC CTG TCT CCG GGT AAA TGA
OGA 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 ***>
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Fig.14A.
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Fig.14B.
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GAT GAG CTG ACC ARG AAC CAG GTC AGC CTG ACC TGC CTG GTC AAA GGC TIC
CTA CTC GAC TGG TTC TIG GTC CAG TCG GAC TGG ACG GAC CAG TTT CCG ARG
Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe

*

GAC ATC GCC GTG GAG TGG GAG AGC AAT GGG CAG CCG GAG AAC ARC TAC ARG
CIG TAG CGG CAC CTC ACC CTC TCG TTA CCC GTC GGC CTC TIG TIG AEG TIC .
Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys

*

OCC GTG CTG GAC TCC GAC GGC TCC.TIC TIC CTC TAC AGC AAG CTC ACC GIG
GGG CAC GAC CTG AGG CTG CCG AGG AAG AAG GAG ATG TCG TTC GAG TGG CAC
Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val

*

AGG TGG CAG CAG GGG AAC GTC TTC TCA TGC TCC GTG ATG CAT GAG GCT CTG
TCC ACC GTC GTC COC TTG CAG AAG AGT ACG AGG CAC TAC GTA CTC CGA GAC
Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu

*
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Fig.15A.
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Fig.15B.
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TTT CCT GAA ATA TGA ACA GCA CAT TCC TCA CCT GGT AGT ARG TIT AGA CAA TIG TGG AGT
Lys Gly Leu Tyr Thr Cys Arg Val Arg Ser Gly Pro Ser Phe Lys Ser Val Asn Thr Sex>

670 680 690 700 710 720

* L ] * * * - - * - - * L ]
GTG CAT ATA TAT GAT ARA GCA GGC OCG GGC GAG CCC AAR TCT TGT GAC ARA ACT CAC ACA
CAC GTA TAT ATA CTA TTT CGT COG GGC COG CIC GGG TTT AGA ACA CTG TTT TGA GIG 16T
Val His Ile Tyr Asp Lys Ala Gly Pro Gly Glu Pro Lys Ser Cys Asp Lys Thr His Thr>

730 740 750 760 770 780

* - * L 2 - E 4 L ] » -* * * *
mmmmmmmmmm@mmmmm_mmmm
ACG GGT GGC ACG GGT CGT GGA CTT GAG GAC COCC CCT GGC AGT CAG ARG GAG ARG GGG GGT
Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe leu Phe Pro Pro>

750 800 810 820 830 840

* * « - « * * L ] - L 4 * «
ARR CCC AAG GAC ACC CTC ATG ATC TCC OGG ACC CCT GAG GTC ACA TGC GTIG GT6 GIG GAC
TTT GGG TTIC CTG TGG GAG TAC TAG AGG GCC TGG GGA CTC CAG TGT ACG CAC CAC CAC CTG
Lys Pro Lys Asp Thr Leu Mst Ile Ser Axrg Thr Pro Glu val Thr Cys Val val val Asp>

850 860 870 880 890 900

* -« * * * * * * < - * *
GIG AGC CAC GAA GAC CCT GAG GTC AAG TIC AAC TGG TAC GTG GAC GGC GTG GAG GIG CAT
CAC TOG GTG CTT CTG GEA CTC CAG TTC AAG TTC ACC ATG ‘CAC-CTG OCG CAC CIC CAC GTA
Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His>

910 920 930 940 950 960
*

. * " . - * - - - L .
MTGCCMGAQ\AAGG:GQ}GGMGAGCAGTACMCWWTACCSTG?GG!CAGCGIC
TTA CGG TIC TGT TTC GGC GCC CTC CTC GIC ATG TTG TCG TGC ATG GCA CAC CAG TCS CAG
Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val>

970 980 990 1000 1010 1020

. - * . * * - - L] - . L]

CTC ACC GTC CIG CAC CAG GAC TGG CTG AAT GGC AAG GAG TAC ARG TGC AAG GTC ICC AAC
GAG TGG CAG GAC GTG GTC CTG ACC GAC TTA OCG TTC CTC ATG TTC ACG TTC CAG AGG TG
Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn>
1030 1040 1050 1060 1070 1080

L] . * [ ] * * - * - [ ] * -

ARA GCC CTC CCA GOC CCC ATC GAG AAA ACC ATC TCC ARA GCC AAA GGG CAG CCC OGA GAA
TTT CGG GAG GGT CGG GGG TAG CTC TTT TGG TAG AGG TTT OGG TTT CCC GTC GGG GCT CTT
Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu>
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U.S. Patent

1090
L] - -
CCA CAG GTG TAC ACC
GGT GTC CAC ATG TGG
Pro Glr Val Tyr Thr

1150
- - -
ACC TGC CTG GTC AAA
TGG ACG GAC CAG TTT
Thr Cys Leu Val Lys

1210
- * -
CAG CCG GAG AAC AAC
GTIC GGC CIC TIG TTG
Gln Pro Glu Asn Asn

1270
* - *
CTC TAC AGC AAG CIC
GAG ATG TCG TTC GAG
Leu Tyr Ser Lys Leu

1330
* - *
TCC GTG ATG CAT GAG
AGG CAC TAC GTA CTC
Ser Val Met His Glu

*
GGT AAA TGA
CCA TTT ACT
Gly Lys *¢+>
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1100 1110 1120

. * « * .
CTG CCC CCA TCC OGG GAT GAG CTG ACC
GAC GGG GGT AGG GCC CTA CTC GAC TGG
Leu Pro Pro Ser Arg Asp Glu Leu Thr

1160 1170 1180

- L ] - - *
GGC TIC TAT CCC AGC GAC ATC GCC GTG
COG ARG ATA GGG TG CTG TAG OGG CAC
Gly Phe Tyr Pro Ser Asp Ile RAla Val

1220 1230 1240

- - - - -
TAC AAG ACC ACG OCT CCC GTG CTG GAC
ATG TIC TGG TGC GGA GGG CAC GAC CIG
Tyr Lys Thr Thr Pro Pro Val Leu Asp

1280 1290 1300

* * * * *
ACC GTG GAC AAG AGC AGG TGG CAG CAG
TGG CAC CTG TTC TCG TCC ACC GTC GIC
Thr Val Asp Lys Ser Arg Trp Gln Gln

1340 1350 1360

* * * + *
GCT CTG CAC ARC CAC TAC ACG CAG ARG
CGA GAC GTG TTG GTG ATG TGC GIC TIC
Ala Leu His Asn His Tyr Thr Gln lys

US 7,374,758 B2

1130 1140

* - - -

ARG AAC CAG GTC AGC CIG
TTC TIG GTC CAG TCG GAC
Lys Asn Gln Val Ser Leu>.

1190 1200

" - - «

GAG TGG GAG AGC AAT GGG
CTC ACC CTC TOG TTA CCC
Glu Trp Glu Ser Asn Gly>

1250 1260

- * * *
TCC GAC GGC TCC TIC TIC
AGG CTG COG AGG ARG ARG
Ser Asp Gly Ser Phe Phe>

1310 1320

‘« * * -*
GGG AAC GTIC TTC TCA TGC
CCC TIG CAG ARG AGT ACG
Gly Asn Val Phe Ser Cys>

1370 1380

* * - *

AGC CTC TCC CIG TCT COG
TCG GAG AGG GAC AGA GGC
Ser Leu Ser Leu Ser Pro>
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10 20

- + - *
ATG GTC AGC TAC TGG GRC ACC
TAC CAG TCG ATG ACC CTG TGG
Met Val Ser Tyr Trp Asp Thr

70

t - L4

80
*
ACA GGA TCT AGT TCA GGT TCA
TGT CCT AGA TCA AGT CCA AGT
Thr Gly Ser Ser Ser Gly Ser

130

* - -

140

-
CAC ATC ATG CAA GCA GGC CAG
GTG TAG TAC GTIT CGT CCG GIC
His Ile Met Gln Ala Gly Gln

1%0
* - *
TGG TCT T7G CCT GAA ATG GTG
ACC AGA ARC GGA CTT TAC CRAC
Trp Ser Leu Pro Glu Met Val

200
-

250

260

-
TGT GGA AGA AAT GGC ARA CAA
RACA CCT TCT TTA CCG TTT GTT
Cys Gly Arg Asn Gly Lys Gln

*

310

* -

320
. .
CAC ACT GGC TTC TAC AGC TGC
GTG TGA CCG AAG ATG TCG ACG

His Thr Gly Phe Tyr Ser Cys

370

* - *

380
L
GAA TCT GCA ATC TAT ATA TTT
CTT AGA CGT TAG ATA TAT AAA
Glu Ser Ala Ile Tyr Ile Phe

430

* - -

440

L 3
GAA ATC CCC GAA ATT ATA CAC
CTT TAG GGG CIT TAA TAT GTG
Glu Ile Pro Glu Ile Ile His

490 500

- - * -
ACG TCA CCT AAC ATC ACT GTT
TGC AGT GGA TTG TAG TGA CAA
Thr Ser Pro Asn lle Thr Val
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3 40

«

S0 60

* L L
GGG GTC OT6 CTG TGC GOG CTG CTC AGC TGT CTG CTT CIC
CCC CAG GAC GAC ACG OGC GAC GAG TCG ACA GAC GAA GRG
GlyValI.euLeuCysAlaLeuLeuserwsLeuLeupev

.0

- -

90

- * *

100

-

120
* *
mmmmc&mmmmmmmm
TTT ART TTT CTA GGA CTT GAC TCA ART TTT CCG T6G GTIC
LysLeuLysAsmeGluIeuSerheuLysGlyWGh»

110

- *

150

*«

160

170

-
ACA CTG CAT CTC CAA TGC AGS GGG GAA GCA GCC CAT AAA
TGT GAC GTA GAG GT? ACG TCC CCC CTT GGT OGG GTA TTT
Thr Leu His Leu Gln Cys Arg Gly Glu Ala Ala His Lys>

180

- -

L - *

210

* *

220
.

230

*
AGT AAG GAA AGC GAR AGG CTG AGC ATA ACT RAAR TCT GCC
TCA TIC CTT TCG CTT TCC GAC TOG TAT TGA TTT AGR CGG
Ser Lys Glu Ser Glu Arg Leu Ser Ile Thr Lys Ser Ala>

2480

- - *

-

270

* L

280

290

*
TIC TGC AGT ACT TTA ACC TTG AAC ACA GCT CAA GCA AAC
ARG ROG TCA TGA AAT TGS AAC TTG TGT CGA GTT CGT TIG
Phe Cys Ser Thr Leu Thr Leu Asn Thr Ala Gln Ala Asn>

300

- - -

*

330

- *

340

-

350

* *
mmwcmmmmmmmmmmm
T ATA GAT CGA CAT GGA TGA AGT TTC TTC TTC CTT TGT
LysmmhlaValm’thrSe:byswsnysmu'mp

360

L *

-

3so

- -

400

*

410 420

- * *
ATT AGT GAT ACA GGT AGA CCT TTC GTA GAG ATG TAC AGT
TAAR TCA CTA TGT CCA TCT GGA ARG CAT CTC TAC ATG TCA
Ile Ser Asp Thr Gly Arg Pro Phe Val Glu Met Tyx Ser>

* *

450

*

460

470

* L ]
ATG ACT GAA GGR AGG GAG CTC GTC ATT CCC TGC CGG GTT
TAC TGA CTT CCT ICC CTC GAG CAG TAA GGG ACG GCC CAA
Metmcluclymembeumﬁemmdea

480

-« *

L -

510 520 530 540

- * * - - - * -
mmmmmwmmmmnmocrcm
TGA AAT TTT TTC AAA GGT GAA CTGC TGA ARC TAG GGA CTA
Thr Leu Lys Lys Phe Pro Leu Asp Thr Leu Ile Pro Asp>

US 7,374,758 B2
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Fig.16B.

550 560 $70 580 590 600
* . * [ * L] . * - - * *
. GGA AAA CGC ATA ATC TGG GAC AGT AGA AAG GGC TTC ATC ATA TCA AAT GCA ACG TAC AAA
CCT TTT GCG TAT TAG ACC CTG TCA TCT TTC CCOG AAG TAG TAT AGT TTA OGT TGC ATG TIT

Gly Lys Axrg Ile Ile Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr Tyr Lys>

610 620 630 640 650 660
-« L ] * * - L - . - * * *
GAA ATA GGG CTT CTG ACC TGT GAR GCA ACA GTC ART GGG CAT TTG TAT ARG ACA  ARC TAT
CTT TAT CCC GAA GAC TGG ACA CTT CGT TGT CAG TTA CCC GTA AAC ATA TIC TGT TTG ATA

Glu Ile Gly Leu Leu Thr Cys Glu Ala Thr Val Asn Gly His Leu Tyr Lys Thr Asn Tyr>

670 680 690 700 710 720

- 3 * . * -« * ® . * . *
CTC ACA CAT CGA CAA ACC AAT ACA ATC ATA GAT GTC CAA ATA AGC ACA CCA CGC CCA GTIC
GAG TGT GTA GCT GTIT TGG TTA TGT TAG TAT CTA CAG GTIT TAT TCG TGT GGT GCG GGT CAG
Leu Thr His Arg Gln Thr Asn Thr Ile Ile Asp Val Gln Ile Ser Thr Pro Axg Pro Val>

730 740 750 760 770 780
* * » - * * « * * L * *
‘ARA TTA CTT AGA GGC CAT ACT CIT GTC CTC AAT TGT ACT GCT ACC ACT CCC T7C ARC ACG
TTT AAT GAA TCT OCG GTA TGA GAR CAG GAG TTA ACA TGA CGA TGG TGA GGG ARC TIG TGC

Lys Leu Leu Arg Gly. His Thr Leu Val Leu Asn Cys Thr Ala Thr Thxr Pro Leu Asn Thr>

790 800 810 820 830 840

* * - - * - * * * * * -
AGA GTT CAA ATG ACC TGG AGT TAC CCT GAT GAA AAA AAT AAG AAC GCT TCC GTA AGG CGA
TCT CAA GTT TAC TGG ACC TCA ATG GGA CTA CTT TIT TTA TTC TTG COGA AGG CAT TCC GCT
Arg Val Gln Met Thr Trp Ser Tyr Pro Asp Glu Lys Asn Lys Asn Ala Ser Val Arg Arg>

850 860 870 890 900

* L - - - L] - * *
CGA ATT GAC CAA AGC AAT TCC CAT GCC AAC ATA TIC TAC AGT GTT CTT ACT ATT GRC AAA
GCT TAA CIG GTT TCG TTA AGG GTA CGG TTG TAT ARG ATG TCA CAR GAA TGA TAA CIG.TIT
Arg Ile Asp Gln Ser Asn Ser His Ala Asn Ile Phe Tyr Ser Val Leu Thr Ile Asp Lys>

880
-

- *

910 920 930 940 950 960

* * * *. * * * L] * * - -

ATG CAG AAC AAA GAC AAA GGA CTT TAT ACT TGT CGT GTA AGG.AGT GGA CCA TCA TTIC AAA
TAC GTC TTG TTT CTG TTT CCT GAA ATA TGA ACA GCA CAT TCC TCA CCT GGT AGT ARG TTT
Met Gln Asn Lys Asp Lys Gly Leu Tyr Thr Cys Arg Val Arg Ser Gly Pro Ser FPhe Lys>

870 980 990 1000 1010 1020

* - .. - * * * * - - * *
TCT GTT AAC ACC TCA GIG CAT ATA TAT GAT AAR GCA GGC CCG GGC GAG CCC AAA TCT TGT
AGA CAR TTG TGG AGT CAC GTA TAT ATA CTA TTIT CGT CCG GGC COG CTC GGG TTT AGA ACA
Ser Val Asn Thr Ser Val His Ile Tyr Asp Lys Ala Gly Pro Gly Glu Pro Lys Ser Cys>

1030 1040 1050 1060 1070 1080

« * - - * * - - - - . *

GAC AAA ACT CAC ACA TGC CCA CCG TGC CCA GCA CCT GAA CTC CTG GGG GGA COG TCA GTC
CTG TTT TGA GTG TGT ACG GGT GGC ACG GGT OGT GGA CTT GAG GAC CCC CCT GGC AGT CAG
Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val>
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1080 1100

L ] - * *
TTC CTC TTC CCC CCA AAA CCC ARG
ARG GAG ARG GGG GGT TTT GGG TIC
Phe Leu Phe Pro Pro Lys Pro Lys

1150 1160

* * - *
TGC GTG GTG GTG GAC GTG AGC CAC
ACG CAC CAC CAC CTG CAC T¢G GTG
Cys Val Val Val Asp Val Ser His

1210 1220

* - * *
GGC GTG GAG GTG CAT AAT GCC AAG
CCG CAC CTC CAC GTA TTA CGG TTC.
Gly Val Glu Val His Asn Ala Lys

1270 1280

* - * *
CGT GTG GTC AGC GTC CTC ACC GTC
GCA CAC CAG TCG CAG GAG TGG CAG
Arg Val Val Ser val Leu Thr val

1330 1340

* * - *
TGC AAG GTC TCC AAC AAA GCC CTC
ACG TTC CAG AGG TTG TTT CGG GAG
Cys Lys Val Ser Asn Lys Ala Leu

1380 1400

L 3 * * *
GGG CAG CCC CGA GAA CCA CAG GTG
CCC GTC GGG GCT CIT GGT GTC CAC
Gly Gln Pro Arg Glu Pro Gln val

1450

- L4 *

1460

*
ARC CAG GTC AGC CTG ACC TGC CTG
TTG GTC CAG TCG GAC TGG ACG GAC
Asn Gln Val Ser Leu Thr Cys Leu

1510

* - *

1520

-
TGG GAG AGC AAT GGG CAG CCG GAG
ACC CTC TCG TTA CCC GTC GGC CTC
Trp Glu Ser Asn Gly Gln Pro Glu

1570 1580

* * - -
GAC GGC TCC TTC TTIC CIC TAC AGC
CTG CCG AGG AAG AAG GAG ATG TCG
Asp Gly ‘Ser Phe Phe Leu Tyr Ser

May 20, 2008
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Fig.16C.

1110 1120
- * + .
GAC ACC CTC ATG ATC TCC
CTG TGG GAG TAC TAG AGG
ASp Thr Leu Met Ile Ser

1170 1180
. . . *

GAA GAC CCT GAG GTC AAG
CTT CTG GGA CTC CAG TIC

Glu Asp Pro Glu Val Lys
1230 1240
* * * -

ACA AAG COG CGG GAG GAG
TGT TIC GGC GCC CTIC CIC

Thr- Lys Pro Arg Glu Glu
1290 1300
* * * -

CTG CAC CAG GAC TGG CIG
GAC GTG GTC CTG ACC GAC
‘Leu His Gln Asp Trp Leu

1350 1360
* - - *
CCA GCC CCC ATC GAG AAA
GGT CGG GGG TAG CTC TTT
Pro Ala Pro Ile Glu Lys

1410

* ® *

1420
*
TAC ACC CTG CCC CCA TCC
ATG TGG GAC GGG GGT AGG

Tyr Thr Leu Pro Pro Ser
1470 1480
* * * *

GTC AAR GGC TTC TAT CCC
CAG TTT COG AAG ATA GGG

Val Lys Gly Phe Tyr Pro
1530 1540
- ) - * -

ARC AAC TAC ARG ACC ACG
TG TTG ATG TTC TGG TGC

Asn Asn Tyr Lys Thr Thr
1590 1600
- - * -

ARG CTC ACC GTG GAC AAG
TIC GAG TGG CAC CIG TTC
Lys Leu Thr val Asp Lys

CGG

Arg

TTA
Asn

*+

Ser

US 7,374,758 B2

1130 1140

* * *

ACC CCT GAG GIC ACA
TGG GGA CTC CAG TGT
Thr Pro Glu val Thr>

1190 1200
* * *
ARC TGG TAC GIG GAC
TTG ACC ATG CAC CTG
Asn Trp Tyr Val Asp>

1250 1260
- * *
TAC ARC AGC ACG TAC
ATG TIG TOG TGC ATG
Tyr Asn Ser Thr Tyr>

1310 1320

* * *

GGC AAG GAG TAC AAG
CCG TTC CTC ATG TIC
Gly Lys Glu Tyr Lys>

1370 1380

* * -

ATC TCC AAA GCC ARA
TAG AGG TIT OGG TTT
Ile Ser Lys Ala Lys>
1430 1440

L ] L ] L]

GAT GAG CTG ACC AAG
CTA CTC GAC TGG TTC
Asp Glu Leu Thr Lys>

1490 1500
* * L]
GAC ATC GCC GIG GAG
CTG TAG CGG CAC CTC

Asp Ile Ala Val Glu>
is50 1560
* - .

CCC GTG CTG GAC TCC
GGG CAC GAC CTG AGG
Pro Val Leu Asp Ser>

1610 1620
- - -
AGG TGG CAG CAG GGG
TCC ACC GTC GTC CCC
Arg Trp Gln Gln Gly»
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Fig.16D.

1630 1640 1650 1660 1670 1680
* * * L | ] * * * * * * *
ARC GTC TTC TCA TGC TCC GTG ATG CAT GAG GCT CTG CAC AAC CAC TAC ACG CAG ARG AGC
TTG CAG ARG AGT ACG AGG CAC TAC GTA CTC CGA GAC GTG TTG GTG ATG TGC GIC TIC 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 COG GGT AAA TGA
GAG AGG GAC AGA GGC CCA TTT ACT
Leu Ser Leu Ser Pro Gly Lys **+*>

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881
Page 81

Joining Petitioner: Apotex



US 7,374,758 B2

Sheet 29 of 55

May 20, 2008

U.S. Patent

Fig.17.

1.0 pg/mi

250

200

150
00
50

0

1

nd

VEGF
(0.1 pg/ml)

+

og-(NEH

€114 - NN
adns sO)H

(8Ve-1)1ud : unw
adns sO)

o4-(e-1) 14
peljipowun
edns 50D

o4-(e-1) 1114
palejfiaoe
payund

a4-(e-1)1-14
payipowun
payund

o4-(e-1) 114
ON

\

Mylan Exhibit 1024

Mylan v. Regeneron, IPR2021-00881

Page 82

Joining Petitioner: Apotex



U.S. Patent

May 20, 2008 Sheet 30 of 55

. Fig.18.

0.3

US 7,374,758 B2

-{F Unmodified Fit-1(1-3)-Fc
~O-Mutt : Fit-1(1-3 pg)-Fc
=<0 Mut2 : Fit-1(2-3 og)-Fc
-/ Mut3 ; Fit-1(2-3)-Fc

8 0.2
0.1
0
0.01 0.1 1 10 100 1000
nM
Fig.19.
05 -3 Fit-1(1-3)-Fc COS supe
~&~Mut1 : Fit-1(1-35g)-Fc COS supe ]
04 --O-Mut2 : Fit-1(2-35g)-Fc COS supe

=-/x-Mut3 : Fit-1(2-3)-Fc COS supe

10

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881
Page 83

Joining Petitioner: Apotex



U.S. Patent May 20, 2008 Sheet 31 of 55 US 7,374,758 B2

TIy v ¢ 7 7 llll'lllrllllll‘ll lllllllll Q
X _ ]
- x -
X o ]
*
3 S— -
o
- |f'-:""r:.: ! qw©
5 —~ e L 4
eH
3 -— - E
. =+ J ]
Lo D
= Em: -
» T - -
33 = ¥
| 3 ]
- 8 2 1
X 0 = .
L] EO:
O | o< 2 ) .
AN +*} Ry
O | Q
- N
-
- (=) (o) (=]
o Q
o
w/6r

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881
Page 84

Joining Petitioner: Apotex



U.S. Patent May 20,2008  Sheet 32 of 55 US 7,374,758 B2

Fig.21A. | B sice
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Fig.21C.

1050 1060 1070 1080 1090 1100 1110 1120
CTGAX’ \TCTOCARAGCCAR
GACTTACCGTICCTCATG T TCACG TTCCAGRGET TG TTTCGGAAGGETCGCCEE TAGCTCT T TIGE TAGAGG TTTCGGTT
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N
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1210 1220 1230 1240 1250 1260 1270 1280
GOCTGGTCAAAGECTTCTATCCCAGCGACATCGCCATCGACTCGGAGAGCARTGGGCAGCCGGAGAACAAC TACARGACC
C LVEKGTPFYZPSDIAVEUWSEBSNGAOQPENNYTZ KT

404
FCAC1 (A) e

>T>C

1290 1300 1310 1320 1330 1340 1350 1360

T P PVL DS DG SP FLYSZ EKTLTV VDI KTGSTRUWOQOQG

PCACL (A) >

1370 1380 1390 1400 1410 1420 1430 1440
GAACCTCTTCTCATCCTCCGE TGATGCATGAGGCTCTGCACAACCACTACACGCAGARGAGOCTCTCCC TGTCTCCGGGTA
CTTGCAGAAGACTACGAGGCACTACGTACTCCGAGACC TG TTGGTEATG TGCGTCTTCTCGGAGAGGGACAGRGGCCCAT

N VP SC SVMHEALU HNZHYTO QI K STLSLSP G
) 457
__FCAC1 (A) >

>NotI_site

j14s0
ARTGRGOGGEOCGC
TTACTOGOOGECG
K *>
458

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881
Page 87

Joining Petitioner: Apotex



U.S. Patent May 20, 2008 Sheet 35 of 55 US 7,374,758 B2

Fig.22A. sBecRI_site
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Fig.22C.
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Fig.24A.
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Fig.24B.
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Fig.24C.
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Fig.25C.
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Fig.29.
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Fig.31.
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MODIFIED CHIMERIC POLYPEPTIDES
WITH IMPROVED PHARMACOKINETIC
PROPERTIES AND METHODS OF USING
THEREOF

This application is a divisional of U.S. patent application
Ser. No. 10/009,852, filed Dec. 6, 2001, now U.S. Pat. No.
7,070,959, which is a national stage application of Interna-
tional Application No. PCT/US00/14142, filed May 23,
2000, which claims priority of U.S. Provisional Application
Ser. No. 60/138,133, filed Jun. 8, 1999. The disclosures of
these applications are herein specifically incorporated by
reference in their entirety.

INTRODUCTION

The field of this invention is modified polypeptides with
improved pharmacokinetics. Specifically, the field of this
invention relates to Flt] receptor polypeptides that have
been modified in such a way as to improve their pharma-
cokinetic profile. The ficld 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 per-
meability 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 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 (Moham-
madi, 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 & Yancopou-
los, 1994, J. Neurobio. 25:1454-1466) which is also gener-
ally 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 FceRI 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 dimer-
ization, 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, Neu-
ron 9:383-391) and molecular interactions between dimer-
izing 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; Hel-
din, 1989, J. Biol. Chem. 264:8905-8912) while, for
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example, in the case of epidermal growth 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 FceRl in a monomeric fashion
and only becomes activated when antigen binds to the
IgE/FceR! 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. Mem-
bers 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 (N1-3) and neurotrophin-4/5 (N1-4/5),
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 Diego,
Calif., Academic Press). FceRlI is localized to a very limited
number of types of cells such as mast cells and basophils.
Mast cells derive from bone marrow pluripotent hematopoi-
etic 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 involved in
the allergic response.

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 neu-
rotrophin 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 desig-
nated vascular endothelial cell growth factor (VEGF).
VEGEF has been purified from conditioned growth media of
rat glioma cells [Conn et al., (1990), Proc. Natl. Acad. Sci.
US.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. US.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
Flt, was shown to be a VEGF receptor [DeVries, C. et al.,
(1992), Science, 255, pp. 989-991]. The Flt receptor spe-
cifically 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
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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. 1. et al., (1992) Biochem. Biophys.
Res. Comm. 187, pp. 1579-1586].

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

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 inter-
cellular 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 endot-
helial cell borders in inflamed venules (Thurston, G., et al.,
Am. J.

Physiol, 1996, 271: H2547-62). In particular, plant lectins
have been used to visualize morphological changes at endot-
helial 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 inflam-
matory 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. Pharmacol. 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).

The angiopoietins and members of the vascular endothe-
lial 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
VEGEF is necessary for the early stages of vascular devel-
opment and that Ang-1 is required for later stages of vascular
remodeling.

U.S. Pat. No. 6,011,003, issued Jan. 4, 2000, in the name
of Metris Therapeutics Limited, discloses an altered, soluble
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form of FLT polypeptide being capable of binding to VEGF
and thereby exerting an inhibitory effect thereon, the
polypeptide comprising five or fewer complete immunoglo-
bulin domains.

U.S. Pat. No. 5,712,380, issued Jan. 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 Apr. 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 Nov. 27,
1997, in the name of Genentech, Inc., discloses novel
chimeric VEGF receptor proteins comprising amino acid
sequences derived from the vascular endothelial growth
factor (VEGF) receptors Fltl and KDR, including the
murine homologue to the human KDR receptor FLKI1,
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 Apr. 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
VEGEF inhibitory. activity.

Sharif, 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 mamma-
lian cells are negatively charged, the electrostatic interac-
tions between the two can create higher levels of back-
ground binding resulting in low tumor to normal organ
ratios. To overcome this effect, the investigators attempted to
improve MAb clearance by using various methods such as
secondary agents as well as chemical and charge modifica-
tions of the MAD 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.

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 11.-6 were coupled with PEG, was compared to that of
native IL-6.

Yang, et al., 1995, Cancer 76:687-94, disclose that con-
jugation of polyethylene glycol to recombinant human inter-
leukin-2 (IL-2) results in a compound, polyethylene glycol-
modified 1IL-2 (PEG-1L-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 pub-
lished Jan. 28, 1999 in the name of Regeneron Pharmaceu-
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ticals, Inc. and The Regents of The University of California
describes modified human noggin polypeptides having dele-
tions of regions of basic amino acids. The modified human
noggin polypeptides are described as retaining biological
activity while having reduced affinity for heparin and supe-
rior pharmacokinetics in animal sera as compared to the
unmodified human noggin.

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 multimerizing component, wherein the
VEGF receptor component is the only VEGF receptor
component of the fusion polypeptide and wherein the nucle-
otide 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 Ig
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 Fltl.

In a further embodiment, the isolated nucleic acid of the
second VEGF receptor is Fltl.

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 Ig domain 3 of the extracellular domain of the
second VEGF receptor.

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 multim-
erizing 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 1gG, and the light chain of IgG.

Preferred embodiments include an isolated nucleic acid
molecule comprising a nucleotide sequence encoding a
modified Flt1 receptor fusion polypeptide, wherein the cod-
ing region of the nucleic acid molecule consists of a nucle-
otide sequence selected from the group consisting of
(a) the nucleotide sequence set forth in FIG. 13A-13D (SEQ

ID NO:3);

(b) the nucleotide sequence set forth in FIG. 14A-14C (SEQ

ID NO:95);

(c) the nucleotide sequence set forth in FIG. 15A-15C (SEQ

ID NO:7);

(d) the nucleotide sequence set forth in FIG. 16A-16D (SEQ
1D NO:9);
(e) the nucleotide sequence set forth in FIG. 21A-21C (SEQ

ID NO:11);

() the nucleotide sequence set forth in FIG. 22A-22C (SEQ

ID NO:13);

(g) the nucleotide sequence set forth in FIG. 24A-24C (SEQ

ID NO:15); and
(h) a nucleotide sequence which, as a result of the degen-

eracy of the genetic code, differs from the nucleotide
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sequence of (a), (b), (c), (d), (e), (), or (g) and which

encodes a fusion polypeptide molecule having the bio-

logical activity of the modified Fltl receptor fusion
polypeptide.

In a further embodiment of the invention, a fusion
polypeptide is encoded by the isolated nucleic acid mol-
ecules described above.

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

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 FIG.
10A-10D (SEQ ID NO:1) or FIG. 24A-24C (SEQ ID
NO:15), which has been modified by acetylation or pegy-
lation 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 mam-
mal 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 admin-
istering an effective amount of the fusion polypeptide
described above.

Also preferred 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.

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.
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Preferred embodiments of the invention include a fusion
polypeptide capable of binding a VEGF polypeptide com-
prising (a) a VEGF receptor component operatively linked
to (b) a multimerizing component, wherein the VEGF recep-
tor 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
VEGEF 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 Fltl.

In yet a further embodiment of the fusion polypeptide, the
second VEGF receptor is FIk1.

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 1g domain 2 of the extra-
cellular 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 polypep-
tide wherein the amino acid sequence of Ig domain 2 of the
extracellular domain of the first VEGF receptor is down-
stream of the amino acid sequence of Ig domain 3 of the
extracellular domain of the second VEGF receptor.

In yet another embodiment, the fusion polypeptide mul-
timerizing component comprises an immunoglobulin
domain including an embodiment wherein the immunoglo-
bulin 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 a fusion polypeptide com-
prising an amino acid sequence of a modified FIt] receptor,

‘wherein the amino acid sequence selected from the group
consisting of (a) the amino acid sequence set forth in FIG.
13A-13D (SEQ ID NO:4); (b) the amino acid sequence set
forth in FIG. 14A-14C (SEQ ID NO:6); (c) the amino acid
sequence set forth in FIG. 15A-15C (SEQ 1D NO:B); (d) the
amino acid sequence set forth in FIG. 16A-16D (SEQ 1D
NO:10); (e) the amino acid sequence set forth in FIG.
21A-21C (SEQ 1D NO;12); (f) the amino acid sequence set
forth in FIG. 22A-22C (SEQ ID NO:14); and (g) the amino
acid sequence set forth in FIG. 24A-24C (SEQ ID NO:16).

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.

FIG. 1. IEF gel analysis of unmodified and acetylated
Flt1(1-3)-Fc proteins. Unmodified Flt1(1-3)-Fc protein is
unable to enter the gel due to its >9.3 pl, whereas acetylated
Flt1(1-3)-Fc is able to enter the gel and equilibrate at pl 5.2.

FIG. 2. Binding of unmodified Flt1(1-3)-Fc and acety-
lated Flt1(1-3)-Fc proteins to MATRIGEL® coated plates.
Unmodified Flt1(1-3)-Fc proteins binds extensive to extra-
cellular matrix components in Matrigel. RTM., whereas
acetylated Flt1(1-3)-Fc does not bind.

FIG. 3. Binding of unmodified FIt1(1-3)-Fc, acetylated
Flt1(i-3)-Fc, and pegylated Flt1(1-3)-Fc in a BIACORE™.-
based assay. Acetylated (columns 13-16), pegylated (col-
umns 17-20), and heparin-treated Flt1(1-3)-Fc (columns
21-24) are each able to completely compete 25 with the
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BIACORE™ chip-bound Flt1(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 Flt1(1-3)-Fc for VEGF binding. However, washing
the bound samples with 0.5M NaCl (columns 7-8) results in
a binding profile similar to the modified forms of Flt1(1-3)-
Fc, indicating that the unmodified protein is exhibiting
non-specific binding to the chip that can be eliminated by the
salt wash. However, washing the bound samples with 0.5M
NaCl (columns 7-8) results in a binding profile similar to the
modified forms of Flt1(1-3)-Fc, indicating that the unmodi-
fied protein is cxhibiting non-specific binding to the chip
that can be eliminated by the salt wash.

FIG. 4. Binding of unmodified Flt1(1-3)-Fc, acetylated
Flt1(1-3)-Fc, and pegylated Flt1(1-3)-Fc to VEGF in an
ELISA-based assay. Both pegylated and acetylated Flt1(1-
3)-Fc proteins bind to VEGF with affinities approaching that
of unmodified FIt1(1-3)-Fc.

FIG. 5. Pharmacokinetic profiles of unmodified Flt1(1-
3)-Fe, acetylated Flt1(1-3)-Fc, and pegylated Flt1(1-3)-Fc.
Balb/c mice (23-28 g) were injected subcutaneously with 4
mg/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 and the sera were assayed in
a standard ELISA-based assay designed to detect Flt1(1-3)-
Fc protein. The T, for all of the Flt1(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 pg/mi-
0.15 pg/ml; acetylated: 1.5 pg/ml-4.0 pg/ml; and pegylated:
approximately 5 pg/ml.

FIG. 6A-6B. IEF gel analysis of unmodified and step-
acetylated Fit1(1-3)-Fc proteins. Unmodified Flti(1-3)-Fc
protein is unable to enter the gel due to its >9.3 pl, whereas
most of the step-acetylated Flt1(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.

FIG. 7. Binding of unmodified F1t1(1-3)-Fc and step-
acetylated FIti (1-3)-Fc proteins to MATRIGEL® coated
plates. As with the irrelevant control protein, rTie2-Fc,
step-acetylated F1t1(1-3)-Fc (20 and 30 fold excess samples)
does not exhibit any binding to the Matrigel coated plate,
whereas the non-acetylated Flt1(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 compo-
nents.

FIG. 8. Binding of uamodified Flt1(1-3)-Fc and step-
acetylated Fltl (1-3)-Fc in a BIACORE™-based assay. At a
sub-stoichiometric ratio (0.5 pg/ml of either unmodified
Flt1(1-3) or step-acetylated FIt1(1-3)-Fc vs. 0.2 pg/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 pg/ml, which approximates a 1:1 stoichio-
metric ratio, the both unmodified and step-acetylated Fltl
(1-3)-Fc are better able to compete for VEGI binding, but
there is still insufficient Flt1(1-3)-Fc protein (either unmodi-
fied or step-acetylated) to completely saturate the available
VEGF. However, at 5.0 pg/ml, which is several times greater
than a 1:1 stoichiometric ratio, both the FIt1(1-3)-Fc and the
step-acetylated Flt1(1-3)-Fc proteins are able to saturate the
VEGEF, regardless of the degree of acetylation.

FIG. 9. Pharmacokinetic profiles of unmodified Flt1(1-
3)-Fc and step-acetylated Fltl(1-3)-Fc. Balb/c mice (23-28
g) were injected subcutaneously with 4 mg/kg of unmodified
or 10, 20, 40, 60 and 100 fold excess samples of step-
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acetylated Flt1(1-3)-Fc (3 mice for 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 Fltl
(1-3)-Fc. The T, for all of the Flt1(1-3)-Fc proteins tested
was at the 6 hour time point but the C, ,, was as follows:
Unmodified Flt1(1-3)-Fc: 0.06 pg/ml; 10 fold excess
sample:—0.7 pg/ml, 20 fold excess sample—2 pg/ml, 40
fold excess sample—4 pg/ml, 60 fold excess sample—2
pg/ml, 100 fold excess sample—1 pg/ml.

FIG. 10A-10D. Nuclcic acid (SEQ 1D NO:1) and deduced
amino acid sequence (SEQ ID NO:2) of Flt1(1-3)-Fc.

FIG. 11. Schematic diagram of the structure of Flt1.

FIG. 12A and 12B. Hydrophilicity analysis of the amino
acid sequences of Ig domain 2 and Ig domain 3 of Fitl.

FIG. 13A-13D. Nucleic acid (SEQ 1D NO:3) and deduced
amino acid sequence (SEQ ID NO:4) of Mutl: Flt1(1-3,5)-
Fe.

FIG. 14A-14C. Nucleic acid (SEQ ID NO:5) and deduced
amino acid sequence (SEQ ID NO:6) of Mut2-FIt1(2-3,2)-
Fc.

FIG. 15A-15C. Nucleic acid (SEQ ID NO:7) and deduced
amino acid sequence (SEQ ID NO:8) of Mut3: Flt1(2-3)-Fc.

FIG. 16A-16D. Nucleic acid (SEQ ID NO:9) and deduced
amino acid sequence (SEQ ID NO:10) of Mut4: Fltl(1-
3gn)-Fe.

FIG. 17. Binding of unmodified FIt1(1-3)-Fc, basic region
deletion mutant Flt1(1-3)-Fc, and Fit1(1-3),_,, mutant pro-
teins in a BLACORE™.-based assay. At the sub-stoichiomet-
ric ratio (0.25 pg/ml Flt1(1-3)-Fc of unmodified, acetylated
or genetically modified samples vs. 01. pg/ml VEGF), there
is insufficient F1t1(1-3)-Fc protein to block binding of VEGF
to the Flt1(1-3)-Fc immobilized on thc BIACORE™ chip.
At 0.5 pg/ml of unmodified, acetylated or genetically modi-
fied Flt1(1-3)-Fc proteins, the stoichiometric ratio approxi-
mates 1:1 and there is an increased ability to block VEGF
binding to the BIACORE™ chip. At 1.0 pg/ml of unmodi-
fied, acetylated or genetically modified Flt1(1-3)-Fc pro-
teins, 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. Unmodi-
fied, acetylated, and Mutl: Fltl (1-3AB)-Fc are essentially
equal in their ability to block VEGF binding, whereas Mut4:
FIt1(1-3R->N)-Fc is somewhat less efficient at blocking
binding.

FIG. 18. Binding of unmodified Flt1(1-3)-Fc, Mutl: Flt1
(1-3,5)-Fc, Mut2: F1t1(2-3, ;)-Fc, and Flt1(2-3) mutant pro-
teins to Matrigel® coated plates. Unmodified Flt1(1-3)-Fc
protein binds avidly to these wells, the Mut3: Flt1(2-3)-Fc
protein binds somewhat more weakly, the Mutl: Fit1(1-
3,5)-Fc protein binds -more weakly still, and the Mut2:
Flt1(2-3,5)-Fc protein shows the best profile, binding more
weakly than any of the other mutant proteins. The Mut4:
Flt1(1-3;,»)-Fc glycosylation mutant protein shows only
marginal benefit on the Matrigel assay.

FIG. 19. Binding of unmodified Flt1(1-3)-Fc, Mutl: Fltl
(1-3,)-Fc, Mut2: F1t1(2-3 ,5)-Fc, and F1t1(2-3) mutant pro-
teins in an ELISA-based assay. At the concentrations tested,
unmodified Flt1(1-3)-Fc, Mutl: Flt1(1-3,5)-Fc, Mut2: Fitl
(2-3,5)-Fc, and F1t1(2-3) mutant proteins bind VEGF simi-
larly.

FIG. 20. Pharmacokinetic profiles of unmodified Flt1(1-
3)-Fe, Mutl: Fltl(1-3,5)-Fc, Mut2: Flt1(2-3,5)-Fc, and
Flt1(2-3) mutant proteins. the Cmax for these reagents was
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as follows: Unmodified Flt1(1-3)-Fc—0.15 pg/ml; 40 fold
molar excess acetylated F1t1(1-3)-Fc—1.5 pg/ml; and Mutl:
Flt1(1-3,5)-Fc -0.7 pg/ml.

FIG. 21A-21C. Nucleotide (SEQ 1D NO:11) and deduced
amino acid sequence (SEQ ID NO:12) of the modified Flt1
receptor termed Flt1D2.F1k1D3.FcAC1(a).

FIG. 22A-22C. Nucleotide (SEQ ID NO:13) and deduced
amino acid sequence (SEQ ID NO:14) of the modified Flt1
receptor termed Flt1D2.VEGFR3D3.FcACI(a).

FIG. 23. Extracellular Matrix (ECM) Assay. The results of
this assay demonstrate that the FIt1D2.FIk1D3.FcACl1(a)
and Flt1D2.VEGFR3D3.FcACl(a) proteins are consider-
ably less sticky to the ECM as compared to the Flt1(1-3)-Fc¢
protein.

FIG. 24A-24C. Nucleotide (SEQ ID NO:15) and deduced
amino acid sequence (SEQ ID NO:16) of the modified Flt1
receptor termed VEGFR1R2-FcAC1(a).

FIG. 25A-25C. Phosphorylation assay. At a 1.5 molar
excess of either Flt1(1-3)-Fc , Flt1(1-3)-Fc (A40) or tran-
sient FIt1 D2FIk1D3.FcAC1(a) there is complete blockage of
receptor stimulation by these these is modified Flt1 receptors
as compared to control media challenge. In contrast, tran-
sient FIt1D2VEGFR3D3.FcACl(a) does not show signifi-
cant blockage at this molar excess, as compared with VEGF
positive control challenge. Similar results are seen in FIG.

25B, where the modified Flt receptors are in a 3-fold molar

excess to VEGF165 ligand. In FIG. 25C, where the modified
Flt1 receptors are in a 6-fold molar excess to VEGF165
ligand, transient Fit1ID2VEGFR3D3.FcAC1(a) can now be
shown to be partially blocking VEGF165-induced stimula-
tion of cell-surface receptors.

FIG. 26A-26B. Phosphorylation assay. Detection by
Western blot of tyrosine phosphorylated VEGFR2(FIk1) by
VEGF165 ligand stimulation shows that cell-surface recep-
tors are not phosphorylated by challenge samples which
have VEGF165 preincubated with 1 and 2 fold molar excess
(FIG. 26A) or 3 and 4 fold molar excess (FIG. 26B) of either
transient Fit1D2FIk1D3.FcACl(a), stable
FIt1D2FIk1D3.FcAC1(a), or transient VEGFRIR2-FcAC1
(a). At all modified Flt1 receptor concentrations tested there
is complete binding of VEGF165 ligand during the prein-
cubation, resulting in no detectable stimulation of cell-
surface receptors by unbound VEGF165 as compared to
control media challenge.

FIG. 27. MG/R2 Cell proliferation assay. The following
modified Flt receptors Flt1(1-3)-Fc, Flt1D2.Flk1D3.FcAC1
(a) and F1t1D2.VEGFR3D3.FcACl(a), plus an irrelevant
receptor termed Tie2-Fc as a negative control, were titrated
from 40 nM to 20 pM and incubated on the cells for 1 hr at
37° C. Human recombinant VEGF165 in defined media was
then added to all the wells at a concentration of 1.56 nM. The
negative control receptor Tie2-Fc does not block VEGF165-
induced cell proliferation at any concentration whereas
Flt1D2.Flk1D3.FcAC1(a) blocks 1.56 nM VEGF165 with a
half maximal dose of 0.8 nM. FIt1(1-3)-Fc and
Flt1D2.VEGFR3D3.FcACl(a) are less effective in blocking
VEGF165 in this assay with a half maximal dose of ~2 nM.
VEGF165 alone gives a reading of 1.2 absorbance units and
the background is 0.38 absorbance units.

FIG. 28. BIACORE™ analysis of Binding Stoichiometry.
Binding 20 stoichiometry was calculated as a molar ratio of
bound VEGF165 to the immobilized Flt1D2FIk1D3.Fc.AC1
(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 Fit1D2F1k1D3.FcACl(a) or VEGFR1R2-FcACl(a)

molecule.
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FIG. 29 and FIG. 30. Size Exclusion Chromatography
Stoichiometry. Flt1D2FIk1D3.FcACI(a) or VEGFRIR2-
FcACl(a) at a concentration of 1 nM (estimated to be 1000
times higher than the KD of the Flt1D2F1k1D3.FcAC1(a) or
VEGFRI1R2-FcAC1(a) VEGF165 interaction) were mixed
with varied concentrations of VEGF165. After incubation,
concentrations of the free F1t1D2F1k1D3.FcACI1(a) in solu-
tion were measured. The data shows that the addition of 1
nM VEGF165 into the Fit1D2Flk1D3.FcACl(a) solution
completely blocks Flt1D2F1k1D3.FcACl1(a) binding to the
VEGF165 surface. This result suggested the binding sto-
ichiometry of one VEGF165 molecule per one
F1t1D2F1k1D3.FcACl(a) molecule.

FIG. 31. Size Exclusion Chromatography (SEC) under
native  conditions. Peak  #1 represents  the
FIt1D2F1k1D3.FcAC1(a)/VEGF165 complex and peak #2
represents unbound VEGF165. Fractions eluted between 1.1
and 1.2 ml were combined and guanidinium hydrochloride
(GuHCl)was added to a final concentration 4.5M to disso-
ciate the complex.

FIG. 32. Size Exclusion Chromatography (SEC) under
dissociative conditions. To separate the components of the
receptor-ligand complex and to determine their molar ratio,
50 .mu.] of dissociated complex was loaded onto a SUPER-
OSE™ 12 PC 3.2/30 equilibrated in 6M GuHCI and eluted,
Peak #1 represents Fl1t1D2FIk1D3.FcACl(a) and peak #2
represents VEGF165.

FIG. 33, FIG. 34 and FIG. 35. Size Exclusion Chroma-
tography (SEC) with On-Line Light Scattering. Size exclu-
sion chromatography column with a MiniDawn on-line light
scaltering detector (Wyatt Technology, Santa Barbara,
Calif.) and refractive index (RI) detectors (Shimadzu,
Kyoto, Japan) was used to determine the molecular weight
(MW) of the receptor-ligand complex. As shown in FIG. 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 (FIG. 33), the MW of VEGF165 at the
peak position is 44 390 (FIG. 34) and the MW of RIR2 at
the peak is 113 300 (FIG. 35).

FIG. 36. Peptide mapping and glycosylation analysis. The
disulfide  structures and glycosylation sites in
FltiD2.FIkiD3.FcACI(a) (SEQ ID NO:12) were deter-
mined by a peptide mapping method. There are a total of ten
cysteines in F1t1D2.FiIk1D3.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 whether disulfide
bonding is occurring between same cysteines (Cys211 to
Cys211, for example) or between Cys211 and Cys211.
Cys216 is disulfide bonded to Cys306. Cys 352 is disulfide
bonded to Cys410.

There are five possible N-linked glycosylation sites in
FIt1D2.F1k1D3 FcACl1(a) (SEQ 1D NO:12) and are found to
be glycosylated to varying degrees. Complete glycosylation
is observed at Asn33, Asn193, and Asn282. Partial glyco-
sylation is observed on Asn65 and Asn120. Sites of glyco-
sylation are highlighted by underline in the Figure.

FIG. 37. Pharmacokinetics of FIt1(1-3)-Fc (A40),
FIt1D2.FIk1D3.FcACl(a) and VEGFRIR2-FcACl(a).
Balb/c mice were injected subcutaneously with 4 mg/kg of

20

40

45

w
(=3

w
&

12
Flt1(1-3)-Fc  (A40), CHO transiently expressed
FIt1D2.FIk1D3.FcACl(a), CHO  stably  expressed

F1t1D2.FIk1D3.FcACl(a), and CHO transiently expressed
VEGFRI1R2-FcACI1(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 Flt1(1-3)-Fc
(A40), F1t1D2.FIk1D3 FcACl(a) or VEGFRIR2-FcAC(a).
The Tmax for Flt1(1-3)-Fc (A40) was at 6 hrs while the
Tmax for the transient and stable Flt1D2.Flk1D3.FcACl(a)
and the transient VEGFRIR2-FcACl(a) was 24 hrs. The
Cmax for Flt1(1-3)-Fc (A40) was 8 pg/ml, For both tran-
sients (FIt1D2.FIk1D3.FcACl(a) and VEGFR1R2-FcACl
(a)) the Cmax was 18 pg/ml and the Cmax for the stable
VEGFRIR2-FcACl(a) was 30 pg/ml.

FIG. 38. Pharmacokinetics of Flt1(1-3)-Fc (A40),
F1t1D2 FIk1D3.FcACl1(a) and FIt1D2.VEGFR3D3.FcACl
(a). Balb/c mice were injected subcutaneously with 4 mg/kg
of FIt1(1-3)-Fc (A40), CHO transiently expressed
FIt1D2.FIk1D3.FcACl1(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 FltI(1-3)-Fc,
Flt1D2.Flk1D3.FcACl(a) and Flt1D2.VEGFR3D3.FcAC1
(a). F1t1(1-3)-Fc (A40) could no longer be detected in the
serum after day 5 whereas Flt1D2.FIk1D3.FcAC1(a) and
FItID2.VEGFR3D3.FcAC1(a) were detectable for 15 days
or more.

FIG. 39. The Ability of Flt1D2.FIk1D3.FcACl(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.FcACl(a) at 25 mg/Kg significantly
decreases the growth of subcutaneous HT-1080 fibrosar-
coma tumors.

FIG. 40. The Ability of FIt1D2.Flk1D3.FcACl(a) to
Inhibit C6 Glioma Tumor Growth In Vivo. Every other day
or 2 times a week treatment of SCID mice with
F1t1D2.Flk1D3.FcACI(a) significantly decreases the growth
of subcutaneous C6 glioma tumors at doses as low as 2.5
mg/Kg.

FIG. 41. VEGF-Induced Uterine Hyperpermeability.
PMSG injected subcutaneously (5 IU) to inducc ovulation in
prepubertal female rats 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 injec-
tion of Flt1(1-3)-Fc (A40), Fit1D2.FIk1D3.FcACl(a) and
Flt1D2.VEGFR3D3.FcACl(a) at 25 mg/kg at 1 hr after
PMSG injection results in about a 50% inhibition of the
increase in uterine wet weight.

FIG. 42A-42B. Assessment of Corpus Luteum Angiogen-
esis 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 5 ng/ml and can be induced to 25-40 ng/ml after
PMSG. Subcutaneous injection of Fitl(1-3)-Fc (A40) or
Flt1D2.Flk1D3.FcACl1(a) at 25 mg/kg or 5 mg/kg at 1 hr.
after PMSG injection resulted in a complete inhibition of the
progesterone induction on day 4.
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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 pharmacoki-
netic profile that is appropriate for consideration of the
antagonist as a therapeutic candidate. Applicants describe
herein, for the first time, a chimeric 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 therapics in which
antagonism of VEGF is a desired result.

The present invention provides for novel chimeric
polypeptide molecules formed by fusing a modified extra-
cellular ligand binding domain of the Flt1 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 intracel-
lular 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, predomi-
nantly hydrophobic or apolar amino acids (i.e. leucine,
valine, isoleucine, and phenylalanine) comprise the trans-
membrane 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 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 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 mol-
ecules 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 transcrip-
tional/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).

Expression of nucleic acid molecules encoding the chi-
meric 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 recom-
binant DNA molecule. For example, expression of the
chimeric polypeptide molecules described herein may be
controlled by any promoter/enhancer element known in the
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art. Promoters which may be used to contro! 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
(Bemoist and Chambon, 1981, Nature 290:304-310), the
CMV promoter, the M-MuLV 5' terminal repeat the pro-
moter 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. US.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 fB-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 bac-
teria” in Scientific American, 1980, 242:74-94); promoter
elements from yeast or other fungi such as the Gal 4
promoter, the ADI (alcohol dehydrogenase) promoter, PGK
(phosphoglycerol kinase) promoter, alkaline phosphatase
promoter, and the following animal transcriptional control
regions, which exhibit tissue specificity and have been
utilized in transgenic animals: elastase I gene control region
which is active in pancreatic acinar cells (Swift et al., 1984,
Cell 38:639-646; Omitz et al., 1986, Cold Spring Harbor
Symp. Quant. Biol. 50:399-409; MacDonald, 1987, Hepa-
tology 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 (Grosschedl 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 contro} 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 gonadotro-
pic releasing hormone gene control region which is active in
the hypothalamus (Mason et al., 1986, Science 234:1372-
1378).

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 gen-
eral 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
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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, occlu-
sion 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 the foreign
gene product expressed by the recombinant. Such assays can
be based, for example, on the physical or functional prop-
erties of the chimeric polypeptide molecules.

Cells of the present invention may transiently or, prefer-
ably, 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 cells either as soluble proteins or as
inclusion bodies, from which they may be extracted quan-
titatively by 8M guanidinium hydrochloride and dialysis
(see, for example, Builder, et al., U.S. Pat. No. 5,663,304).
In order to further purify the factors, conventional ion
exchange chromatography, hydrophobic interaction chroma-
tography, 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. Fur-
ther embodiments of the invention may be prepared in which
the order of the first, second and third fusion polypeptide
components are rearranged. For example, if the nucleotide
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, meth-
ods 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 inflam-
mation 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
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and pleural effusion associated with tumors, inflammation or
trauma; chronic airway inflammation; capillary leak syn-
drome; sepsis;

kidney disease associated with increased leakage of pro-
tein; and eye disorders such as age related macular degen-
eration 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 1EF analysis of Flt1(1-3)-Fc
showed that this protein has pl greater than 9.3, confirming
the prediction that the protein is very basic. It was hypoth-
esized 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 Flt1(1-
3)-Fc when injected into mice. In order to test this hypoth-
esis, Flt1(1-3)-Fc protein was acetylated at the lysine resi-
dues 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 Flt1(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 Laboratory), Current Protocols in
Molecular Biology (Eds. Ausubel, et al, Greene Publ.
Assoc., Wiley-Interscience, NY), the gene encoding Flt1(1-
3)-Fc was inserted into the expression vector pEE14.1
(Lonza Biologics, plc) at a multiple cloning sitec downstream
of the CMV promoter. CHO K1 cells were transfected with
the pEE14.1/Fit1(1-3)-Fc DNA construct using lipo-
fectamine (Gaithersburg, Md.). The transfected CHO K1
cells were grown in glutamine-free DMEM (JRH, Kansas
City, Mo.) containing 25 pM 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 pM MSX followed by a second round
of screening of the amplified clones. The highest producing
clone had a specific productivity of recombinant Flti(1-3)-
Fc protein of 55 pg/cell/day.

The selected clone was expanded in 225 cm? T-flasks
(Corning, Acton, Mass.) and then into 8.5 L roller bottles
(Corning, Acton, Mass.) using the cell culture media
described supra. Cells were removed from the roller bottles
by standard trypsinization and put into 3.5 L of suspension
medium. The suspension medium is comprised of
glutamine-free ISCHO medium (Irvine Scientific, Santa
Ana, Calif.) containing 5% fetal bovine serum (FBS from
Hyclone Labs, Logan, Utah), 100 yM MSX and GS supple-
ment (JRH Scientific, Kansas City, Mo.) in a 5 L Celligen
bioreactor (New Brunswick Scientific, New Brunswick,
N.J.) at a density of 0.3x10° cells/mL. After the cells reached
a density of 3.6x10%mL and were adapted to suspension
they were transferred to a 60 L bioreactor (ABEC, Allen-
town, Pa.) at a density of 0.5x10° cells/mL in 20 L of ISCHO
medium with 5% fetal bovine serum. After two days an
additional 20 L of ISCHO+5% fetal bovine serum was added
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to the bioreactor. The cells were allowed to grow for an
additional two days reaching a final density of 3.1x10°
cells/mL, and a final Flt1(1-3)-Fc concentration at harvest
was 95 mg/L. At harvest the cells were removed by tangen-
tial flow filtration using 0.45 pm Prostak Filters (Millipore,
Inc., Bedford, Mass.).

Example 2

Purification of Flt1(1-3)-Fc Protein Obtained from
CHO Kl Cells

Fit1(1-3)-Fc protein was initially purified by affinity chro-
matography. A Protein A cotumn 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 formu-
lation buffer. The following describes these procedures in
detail.

Materials and Methods

All chemicals were obtained from J. T. Baker, Phillips-
burg, N.J. with the exception of PBS, which was obtained as
a 10.times. concentrate from Life Technologies, Gaithers-
burg, Md. Protein A Fast Flow and SUPERDEX™ 200
preparation grade resins were obtained from Pharmacia,
Piscataway, N.J. Equipment and membranes for protein
concentration were obtained from Millipore, Bedford, Mass.

Approximately 40 L of 0.45 ym-filtered CHO conditioned
media containing F1t1(1-3)-Fc protein was applied to a 290
mL Protein A Fast Flow column (10 cm diameter) that had
been equilibrated with PBS. The column was washed with
PBS containing 350 mM NaCl and 0.02% CHAPS and the
bound protein was eluted with 20 mM Citric Acid containing
10 mM 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 (10 cmx55 cm) 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 F1t1(1-3)-Fc protein were acetylated as
described in the instruction manual provided with the sulfo-
NHS-acetate modification kit (Pierce Chemical Co., Rock-
ford, 11, Cat.#26777).

Example 4
Characterization of Acetylated F1t1(1-3)-Fc Protein

(a.) IEF analysis: Flt1(1-3)-Fc and acetylated Flt1(1-3)-Fc
were analyzed by standard IEF analysis. As shown in FIG.
1, Flt1(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 Flt1(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 consider-
ably.
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(b.) Binding to Extracellular Matrix Components

To test for binding to extracellular matrix components,
Flt1(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, Mass.). The plates are incu-
bated with varying concentrations of either Flt1(1-3)-Fc,
acetylated Flt1(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 the wells. Finally, alkaline phosphatase substrate
is added to the wells and optical density is measured. FIG.
2 shows the results of this assay. Like the irrelevant control
protein rTie2-Fc, acetylated Fltl1(1-3)-Fc does not exhibit
any binding 10 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 §
Pegylation of Flt1(1-3)-Fc Protein

Although pegylation (polyethylene glycol—PEG) of pro-
teins 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 be
filtered by the kidney glomeruli would improve their phar-
macokinetic properties. Without being bound by theory,
Applicants postulated that pegylation of the Flt1(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 phar-
macokinetic properties of Flt1(1-3)-Fc molecules by attach-
ing strands of 20K PEGs as described infra.

Materials and Methods

Purified Flt1(1-3)-Fc derived from CHO cells (see supra)
was used in the following pegylation experiments. Func-
tionalized PEGs were obtained from Shearwater Polymers,
Huntsville, Ala.; Bicine from Sigma, St Louis, Mo.; Super-
ose 6 column from Pharmacia, Piscataway, N.J.; PBS as a
10x concentrate from Life Technologies, Gaithersburg, Md.;
Glycerol from J. T. Baker, Phillipsburg, N.J.; and Bis-Tris
precast gels from Novex, Calif.

20K PEG strands. functionalized with amine-specific ter-
minal 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
thesc reactions and the analyses of samples on standard
SDS-PAGE, Flt1(1-3)-Fc at a concentration of 1.5 mg/mL
was reacted at pH 8.1 with 20K SPA-PEG (PEG succinim-
idyl propionate) molecules at a PEG-to-Flt1(1-3)-Fc mono-
mer 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 10 mmx30 cm Superose 6
column equilibrated with PBS containing 5% Glycerol. The
column appeared to separate pegylated Flt1(1-3)-Fc mol-
ecules based on the extent of pegylation. Fractions corre-
sponding to what appeared to be primarily mono-pegylated
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and di-pegylated dimeric Flt1(1-3)-Fc, as judged by banding
pattems on reducing and non-reducing SDS-PAGE gels
were pooled. The protein concentration was determined by
measuring absorbance at 280 nm. The pegylated Flt1(1-3)-
Fc protein was sterile filtered, aliquoted and stored at -40°
C.

Example 6

Binding of Unmodified, Acetylated, and Pegylated
Flt1(1-3)-Fc in a BIACORE™-Based Assay

Unmodified, acetylated, and pegylated Flt1(1-3)-Fc pro-
teins were tested in a BIACORE™-based assay to evaluate
their ability to bind to the Flt1 ligand, VEGF. In this assay,
unmodified Flt1(1-3)-Fc protein was immobilized on the
surface of a BIACORE™ chip (see BIACORE™ Instruction
Manual, Pharmacia, Inc., Piscataway, N.J., for standard
procedures) and a sample containing 0.2 pg/ml VEGF and
either unmodified Flt1(1-3)-Fc, acetylated Flt1(1-3)-Fc or
pegylated Flt1(1-3)-Fc (each at 25 pg/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 Flt1(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 FItl(1-3)-Fc’s inherent positive
charge making the molecule behave as if it has been chemi-
cally or genetically modified so as to reduce its charge and
its tendency to bind via charge interactions. As shown in
FIG. 3, 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 Flt1(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) appeared to only
partially compete with BIACORE™ chip-bound Flt1(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 Flt1(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 Flt1(1-3)-Fc pro-
teins were tested in a standard ELISA-based assay to evalu-
ate their ability to bind the FIt] receptor ligand VEGF. As
shown in FIG. 4, both pegylated and acetylated Flt1(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 Flt1(1-3)-
Fc, Acetylated Flt1(1-3)-Fc, and Pegylated Flt1(1-
3)-Fc

In vivo experiments were designed to assess the pharma-
cokinetic profiles of unmodified Flt1(1-3)-Fc, acetylated
Flt1(1-3)-Fc, and pegylated Flil(1-3)-Fc protein. Balb/c
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mice (23-28 g; 3 mice/group) were injected subcutaneously
with 4 mg/kg of unmodified, acetylated, or pegylated Fltl
(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
Flt1(1-3)-Fc protein. Briefly, the assay involves coating an
ELISA plate with VEGF, binding the unmodified, acety-
lated, or pegylated Flt}(1-3)-Fc-containing sera, and report-
ing with an anti-Fc antibody linked to alkaline phosphatase.
As shown in FIG. 5, the Tmax for all of the Flt1(1-3)-Fc
proteins was between the 6 hour and 24 hour time points.
The Cmax for the different proteins was as follows: Unmodi-
fied: 0.06 pg/ml-0.15 pg/ml; acetylated: 1.5 pg/ml-4.0
pg/ml; and pegylated: approximately 5 pg/ml.

Example 9
Step-Acetylation of Flt1(1-3)-Fc

To determine what minimal amount of acetylation is
necessary to eliminate binding to extracellular matrix com-
ponents, an experiment was designed that acetylated the
Flt1(1-3)-Fc protein in a step-wise fashion by using increas-
ing 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 Flt1(1-3)-Fc
monomer. The reactions were performed as detailed in the
instruction manual provided with the sulfo-NHS-Acetate
modification kit (Pierce Chemical Co., Rockford, 1l1., Cat.#
26777).

Example 10

Characterization of Step-Acetylated Flt1(1-3)-Fc

(a.) IEF analysis Unmodified FIt1(1-3)-Fc and step-acety-
lated Flt1(1-3)-Fc proteins were analyzed by standard 1EF
analysis. As shown in FIG. 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 Flt1(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 demon-
strates that acetylation can change the positive charge of the
protein in a dose-dependent manner and that reduction of the
pl can be controlled by controlling the degree of acetylation.

(b.) Binding of Step-Acetylated Flt1(1-3)-Fc to Extracellular
Matrix Components

To test for binding to extracellular matrix components,
Flt1(1-3)-Fc and step-acetylated Flt1(1-3)-Fc where tested
in the above-described assay designed to mimic the inter-
action with extracellular matrix components. Varying con-
centrations of either unmodified Fit1(1-3)-Fc, step-acety-
lated Flti(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
phosphataseconjugated anti-human Fc antibody to the
wells. Alkaline phosphatase substrate was subsequently
added to the wells and optical density measured. FIG. 7
shows the results of this assay. Like the irrelevant control
protein rTie2-Fc, step-acetylated Flt1(1-3)-Fc (20 and 30
fold molar excess samples) did not exhibit any significant
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binding to the Matrigel coated plate, whereas the non-
acetylated Flt1(1-3)-Fc protein exhibited significant bind-
ing. 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 satu-
rable. The 10 fold molar excess sample showed reduced
binding, but the degree of acetylation was not enough to
completely block binding to extracellular matrix compo-
nents. The 20 fold molar excess and higher samples dis-
played no detectable binding, despite the fact that by IEF
analysis (FIG. 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 extracel-
lular matrix components.

(c.) Binding of Step-Acetylated FIt1(1-3)-Fc in a Biacore-
Based Assay.

(c.) Binding of Step-Acetylated Flt1(1-3)-Fc in a BIA-
CORE™-Based Assay

Unmodified and step-acetylated Flt1(1-3)-Fc proteins
where tested in a BIACORE™-based assay to evaluate their
ability to bind to the FIt] ligand, VEGF. In this assay,
unmodified Flt1(1-3)-Fc protein (0.5, 1.0, or 5.0 pg/ml) was
immobilized on the surface of a BIACORE™ chip (see
BIACORE™ Instruction Manual, Pharmacia, Inc., Piscat-
away, N.J., for standard procedures) and a solution contain-
ing 0.2 pg/ml VEGF and either unmodified Flt1(1-3)-Fc (at
either 0.5, 1.0, or 5.0 pg/ml) or 10 different step-acetylated
FIt1(1-3)-Fc samples (at 0.5, 1.0, or 5.0 pg/ml each) were
passed over the Flt1 (1-3)-Fc-coated chip. As shown in FIG.
8, at a sub-stoichiometric ratio (0.5 ug/ml of either unmodi-
fied Flt1(1-3) or step-acetylated Flt1(1-3)-Fc vs. 0.2 1 pg/ml
VEGF), there is not enough FIlt1(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 stoichiom-
etrie ratio, both unmodified and step-acetylated Flt1(1-3)-Fc
are better able to compete for VEGF binding, but there is
still insufficient Flt1(1-3)-Fc protein (either unmodified or
step-acetylated) to completely bind the available VEGF.
However, at 5.0 pg/ml, which is several times greater than
a 1:1 stoichiometrie ratio, both the F1t1(1-3)-Fc and the
step-acetylated Flt1(1-3)-Fc proteins are able to bind the
VEGF, regardless of the degree of acetylation. This clearly
demonstrates that acetylation does not alter Flt1(1-3)-Fc’s
ability to bind VEGF.

(d.) Pharmacokinetic Analysis of Step-Acetylated Flt1(1-3)-
Fc

In vivo experiments were designed to assess the pharma-
cokinetic profiles of unmodified Flt1(1-3)-Fc and step-
acetylated Flt1(1-3)-Fc protein. Balb/c mice (23-28 g) were
injected subcutaneously with 4 mg/kg of unmodified or 10,
20, 40, 60 and 100 fold molar excess samples of step-
acetylated Flt1(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 Fltl
(1-3)-Fc (described supra). FIG. 9 details the results of this
study. The Tmax for all of the Flt1(1-3)-Fc proteins tested
was at the 6 hour time point but the Cmax was as follows:
Unmodified Flt1(1-3)-Fc: 0.06 pg/ml; 10 fold molar excess
sample:—0.7 pg/ml, 20 fold molar excess sample—2 pg/ml,
40 fold molar excess sample—4 pg/ml, 60 fold molar excess
sample—2 pg/ml, 100 fold molar excess sample—1 pg/ml.
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This results demonstrates that acetylation or pegylation of
Flt1(1-3)-Fc significantly improves its pharmacokinetic pro-
file.

Example 11

Construction of Flt1(1-3)-Fc Basic Region Deletion
Mutant Designated Mutl: Fit1(1-3,5)-Fc

Based on the observation that acetylated Flt1(1-3)-Fc,
which has a pl 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 Flt1(1-3)-Fc protein that constituted specific
binding sites for extracellular matrix components. For
cxample, many proteins are known to have heparin binding
sites, often consisting of a cluster of basic residues. Some-
times 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. Fltl
receptor. has been studied extensively and various domains
have been described (see for example Tanaka ct al., 1997,
Jpn. J. Cancer Res 88:867-876). Referring to the nucleic acid
and amino acid sequence set forth in FIG. 10A-10D of this
application, one can identify the signal sequence for secre-
tion 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. Fltl 1g domain
1 extends from nucleotide 79 to 393, ending with the amino
acids Ser-Asp-Thr. Flt1 Ig domain 2 extends from nucleotide
394 to 687 (encoding Gly-Arg-Pro to Asn-Thr-1le), and Flt1
1g 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 Fltl amino acid sequence
reveals that there is a cluster, namely, amino acid residues
272-281 (KNKRASVRR) of FIG. 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 FIG. 11), which is
not itself essential for binding of VEGF ligand, but which
confers a higher aflinity 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 1g 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
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region in the protein (FIG. 12A-12B). These observations
raised the possibility that the actual three dimensional con-
formation of Fit1 Ig domain 3 allowed for some type of
protrusion that is not in Fltl 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 seri-
ously 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, F et al.,, Cold Spring
Harbor Laboratory), Current Protocols in Molecular Biology
(Eds. Ausubel, et al., Greene Publ. Assoc., Wiley-Inter-
science, N.Y.) in the mammalian expression vector pMT21,
(Genetics Institute, Inc., Cambridge, Mass.), is referred to as
Mutl: Flt1(1-3AB)-Fc. The Mutl: Flt1(1-3AB)-Fc construct
was derived from Flti1(1-3)-Fc by deletion of nucleotides
814-843 (set forth in FIG. 10A-10D), which deletes the
highly basic 10-amino acid residue sequence Lys-Asn-Lys-
Arg-Ala-Ser-Val-Arg-Arg-Arg from Flt1 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, Calif.). The sequence of Mutl: Flt1(1-3,,)-Fc is set
forth in FIG. 13A-13D.

Example 12

Construction of Flt1(1-3)-Fc Basic Region Deletion
Mutant Designated Mut2: FIt1(2-3,5)-Fc

A second deletion mutant construct, designated Mut2:
Flt1(2-3,5)-Fc, was derived from the Mutl: Flt1(1-3,5)-Fc
construct by deletion of Flt1 Ig domain 1 encoded by
nucleotides 79-393 (see FIG. 10A-10D); for convenience,
nucleotides 73-78 (TCA GGT) were changed to TCC GGA.
This introduced a restriction site (BspEl) 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 Labora-
tory Manual (Sambrook, et al., Cold Spring Harbor Labo-
ratory), 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, Mass.), was also sequence-veri-
fied using an ABI 373A DNA sequencer and Taq Dideoxy

Terminator Cycle Sequencing Kit (Applied Biosystems, .

Inc., Foster City, Calif.). The sequence of Mut2: FIt1(2-3;)-
Fc is set forth in FIG. 14A-14C.

Example 13

Construction of Flt1(1-3)-Fc Deletion Mutant
Designated Mut3: Flt1(2-3)-Fc

A third deletion mutate construct, designated Mut3: Fltl
(2-3)-Fc, was constructed the same way as the Mut2: Fitl
(2-3, 5)-Fc construct, except that Fltl Ig domain 3 was left
intact (the basic region amino 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: Flt1(2-3)-Fc is set
forth in FIG. 15A-15C.
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Example 14

Construction of Flt(1-3)-Fc Basic Region N-glyco-
sylation Mutant Designated Mut4: Flt1(1-3,_,,)-Fc

A final construct was made in which a N-glycosylation
site was introduced into the middle of the basic region of
Fitl Ig domain 3. This construct was designated Mutd:
Flt1(1-34_,,)-Fc and was made by changing nucleotides
824-825 from GA to AC, consequently changing the coded
Arg residuc (AGA) into an Asn residue (AAC) (see FIG.
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
Mutd: Flit1(1-3, _,)-Fc is set forth in FIG. 16A-16D.

Example 15

Characterization of Acetylated Flt1(1-3)-Fc Mutl:
Flt1(1-3,,5)-Fc, and Mut4: Flt1(1-34_, »)-Fc mutants

(a.) Binding to Extracellular Matrix Components

To determine whether the three modified proteins were
more or less 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 FIG. 18,
this experiment showed that while the unmodified Flt1(1-
3)-Fc protein could bind avidly to these wells, the Mut3:
Flt1(2-3)-Fc protein bound somewhat more weakly, the
Mutl: Flt1(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 Mutd: Flt1(1-34_.)-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 resulting in a decrease in charge interaction with
extracellular matrix components.

(b.) Binding of Mutl: Flt1(1-3AB)-Fc and Mut4: Flt1(1-
3.>n) Fc in a BIACORE™.-Based Assay.

Unmodified and acetylated Flt1(1-3)-Fc and genetically
modified Mut1: Flt1(1-3AB)-Fc and Mut4: Flt1(1-34_,,)-Fc
proteins where tested in a BIACORE™-based assay to
evaluate their ability to bind to the Flt1 ligand, VEGF. In this
assay, unmodified Flt1(1-3)-Fc protein (0.25, 0.5, or 1.0
pg/ml) was immobilized on the surface of a BIACORE™
chip (see BLACORE™ Instruction Manual, Pharmacia, Inc.,
Piscataway, N.J., for standard procedures) and a solution
containing 0.1 pg/ml VEGF and either purified or COS cell
supernatant containing unmodified Flt1(1-3)-Fc (at approxi-
mately (0.25, 0.5, or 1.0 pg/ml), purified acetylated Flt1(1-
3)-Fc (at (0.25 0.5, or 1.0 pg/ml), COS cell supernatant
containing Mutl: FIt1 (1-3AB)-Fc. (at approximately (0.25,
0.5, or 1.0 pug/ml), or COS cell supernatant containing Mut4:
Flt1(1-34_,A)-Fc (at approximately (0.25, 0.5, or 1.0 pg/ml)
were passed over the Fltl(1-3)-Fc-coated chip. As shown in
FIG. 17, at the sub-stoichiometric ratio (0.25 pg/ml Flt1(1-
3)-Fc of unmodified, acetylated or genetically modified
samples vs. 01. pg/ml VEGF), there is insufficient Fltl
(1-3)-Fc protein to block binding of VEGF to the Fltl(1-
3)-Fc immobilized on the BIACORE™ chip. At 0.5 pg/ml of
unmodified, acetylated or genetically modified Flt1(1-3)-Fc
proteins, the stoichiometric ratio approximates 1:1 and there

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881

Page 120

Joining Petitioner: Apotex



US 7,374,758 B2

25

is an increased ability to block VEGF binding to the BIA-
CORE™ chip. At 1.0 pg/ml of unmodified, acetylated or
genetically modified Flt1(1-3)-Fc proteins, which is
approximately a 10:1 stoichiometric ratio, the Flti(1-3)-Fc
proteins are able to block binding of VEGF to the BIA-
CORE™ chip, but they are not equivalent. Unmodified,
acetylated, and Mutl: Flt1(1-3AB)-Fc are essentially equal
in their ability to block VEGF binding, whereas Mutd:
Flt1(1-34_, »)-Fc is somewhat less efficient at blocking bind-
ing. 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.

(c.) Binding of Mutl: Flt1(1-3, 5)-Fc, Mut2: Flt1(2-3, ;)-Fc,
Mut3: Flt1(2-3)-Fc, and in an ELISA-Based Assay.

To determine whether the three mutant proteins could
bind the Fltl ligand VEGF, binding experiments were done
in which 96-well plates coated with VEGF were incubated
with varying concentrations of the respective mutant pro-
tein, 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 FIG. 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, Mutl: Flt1(1-3,5)-Fc, and Unmodified Fit1(1-
3)-Fc

In vivo experiments were designed to assess the pharma-
cokinetic profiles of unmodified Fit1(1-3)-Fc, Mutl: Flt1(1-
3,5)-Fc, and 40 fold molar excess acetylated Flt1(1-3)-Fc
protein. Balb/c mice (25-30 g) were injected subcutaneously
with 4 mg/kg of unmodified F1t1(1-3)-Fc, 40 fold molar
excess acetylated Flt1(1-3)-Fc, and Mutl: 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 in an ELISA designed to detect Flti(1-
3)-Fc protein which involves coating an ELISA plate with
VEGF, binding the FIt1(1-3)-Fc and reporting with an
anti-Fc antibody linked to alkaline phosphatase. As shown in
FIG. 20, the Cmax for these reagents was as follows:
Unmodified FIt1(1-3)-Fc—0.15 pg/ml; 40 fold molar excess
acetylated Flt1(1-3)-Fc—1.5 pg/ml; and Mutl: Flt1(1-3,5)-
Fc—0.7 pg/ml.

Example 17
Modified FItl Receptor Vector Construction

The rationale for constructing modified versions of the
Flt] receptor (also known as VEGFR1) was based on the
observation that the protein sequence of Fltl was highly
basic, and was therefore likely to stick to extracellular
matrix (ECM). The highly basic nature of Fltl probably
explains why unmodified F1t1(1-3)-Fc (described supra) has
poor pharmacokinetics that make it difficult to use as a
therapeutic agent. As described supra, the chemically modi-
fied form of 40 fold molar excess acetylated Flt1(1-3)-Fc,
hereinafter termed A40 exhibited a greatly improved phar-
macokinetic (PK) profile over the non-acetylated Flt1(1-3)-
Fe. Therefore, attempts were made to engineer DNA mol-
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ecules 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 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 Flkl (also known as VEGFR2) and Flt4 (also
known as VEGFR3). These chimeric molecules (denoted
RI1R2 (FIt1.D2.FIk1D3.FcAC1(a) and VEGFR1R2-FcAC1
(@ and RIR3 (FItID2.VEGFR3D3-FcACI(a) and
VEGFRIR3-FcACl(a) respectively, wherein R1 and
FIk1D2=Ig domain 2 of Flt1 (VEGFRI1); R2 and FIk1D3=Ig
domain 3 of Flkl (VEGFR2); and R3 and VEGFR3D3=lIg
domain 3 of Flt4 (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 addi-
tion, 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
pF1t1D2 Flk1D3.FcACl(a)

Expression plasmids pMT21 .Flt1(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 FIk1, respectively. These
plasmids were used to construct a DNA fragment consisting
of a fusion of Ig domain 2 of Flt1 with Ig domain 3 of Flk1,
using PCR amplification of the respective Ig domains fol-
lowed by further rounds of PCR to achieve fusion of the two
domains into a single fragment. For Ig domain 2 of Flt1, the
5" and 3' amplification primers were as follows:

5': bep/f1t1D2
(5' -GACTAGCAGTCCGGAGGTAGACCTTTCGTAGAGATG-3 ")

3': FltlD2-F1lk1D3.as
{5' -CGGACTCAGAACCACATCTATGATTGTATTGGT-3")

The 5' amplification primer encodes a BspE1 restriction
enzyme site upstream of Ig domain 2 of Flt1, defined by the
amino acid sequence GRPFVEM (corresponding to amino
acids 27-33 of FIG. 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 lg domain 3, with the
fusion point defined as TIID of Flt1 (corresponding to amino
acids 123-126 of FIG. 21A-21C) and continuing into VVLS
(corresponding to amino acids 127-130 of FIG. 21A-21C) of
Flk1.

For Ig domain 3 of Flkl1, the 5' and 3' amplification primers
were as follows:

5': FltlD2-F1lkl1lD3.s
{5' -ACAATCATAGATGTGGTTCTGAGTCCGTCTCATGG-3 ")

3': FlklD3/apa/srf.as
(5' GATAATGCCCGGGCCCTTTTCATGGACCCTGACAAATG-3 ")

The 5' amplification primer encodes the end of Fltl Ig
domain 2 fused directly to the beginning of Flk1 Ig domain
3, as described above. The 3' amplification primer encodes
the end of Flki Ig domain 3, defined by the amino acids
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VRVHEK (corresponding to amino acids 223-228 of FIG.
21A-21C), followed by a bridging sequence that includes a
recognition sequence for the restriction enzyme Srfl, and
encodes the amino acids GPG. The bridging sequence
corresponds to amino acids 229-231 of FIG. 21A-21C.

After a round of PCR amplification to produce the indi-
vidual domains, the products were combined in a tube and
subjected to a further round of PCR with the primers
bsp/fit1D2 and Flk1D3/apa/srf.as (described supra) to pro-
duce 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.Flk1D3.Fc. The nucle-
otide sequence of the Flt1D2-Flk1D3 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
EcoRI to Sl restriction sites of the plasmid pFlt1(1-3)B2-
FcACl(a) to produce the plasmid pFlt1D2.Flk1D3.FcAC]
(a). The complete DNA and deduced amino acid sequences
of the Flt1D2.FIk1D3.FcAC1(a) chimeric molecule is set
forth in FIG. 21A-21C.

(b) Construction of the Plasmid

pFlt1D2VEGFR3D3FcAC1(a)

The expression plasmid pMT21.FIt1(1-3).Fc (6519bp)
encodes ampicillin resistance and an Fc-tagged version of Ig
domains 1-3 of human Flt] receptor. This plasmid was used
to produce a DNA fragment containing Ig domain 2 of Flt1
by PCR. RNA from the cell line HEL.921.7 was used to
produce Ig domain 3 of FIK1, using standard 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 Fltl, the 5' and 3'
amplification primers were as follows:

Expression

S': bsp/f1ltiD2
(5" -GACTAGCAGTCCGGAGGTAGACCTTTCGTAGAGATG-3 ')

3': F1tlD2.VEGFR3D3.as
{TTCCTGGGCAACAGCTGGATATCTATGATTGTATTGGT)

The '5' amplification primer encodes a BspEl restriction
site upstream of Ig domain 2 of Flt1, defined by the amino
acid sequence GRPFVEM (corresponding to amino acids
27-33 of FIG. 22A-22C). The 3' amplification primer
encodes the reverse complement of the end of Flt1 Ig
domain 2 fused directly to the beginning of VEGFR3 Ig
domain 3, with the fusion point defined as TIHD of Fltl
(corresponding to amino acids 123-126 of FIG. 22A-22C)
and continuing into IQLL of VEGFR3 (corresponding to
amino acids 127-130 of FIG. 22A-22C).

For Ig domain 3 of VEGFR3, the 5' and 3' primers used
for RT-PCR were as follows: :

S': R3D3.s
{ATCCAGCTGTTGCCCAGGAAGTCGCTGGAGCTGCTGGTA)

3': R3D3.as
{ATTTTCATGCACAATGACCTCGGTGCTCTCCCGARATCG)

Both the 5' and 3' amplification primers match the
sequence of VEGFR3. The 296bp amplification product of
this RT-PCR reaction was isolated by standard techniques
and subjected to a second round of PCR to add suitable
sequences to allow for fusion of the Fl11D2 with the FIk1D3
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domains and fusion of the FIk1D3 and Fc domains via a
GPG bridge (see below). The amplification primers were as
follows:

S':F1t1D2.VEGFR3D3.s
(TCATAGATATCCAGCTGTTGCCCAGGAAGTCGCTGGAG)

3': VEGFR3D3/srf.as
(GATAATGCCCGGGCCATTTTCATGCACAATGACCTCGGT)

The 5' amplification primer encodes the 3' end of Fltl Ig
domain 2 fused directly to the beginning (5' end) of
VEGFR3 Ig domain 3, as described above. The 3' amplifi-
cation primer encodes the 3' end of VEGFR3 Ig domain 3,
defined by the amino acids VIVHEN (corresponding to
amino acids 221-226 of FIG. 22A-22C), followed by a
bridging sequence that includes a recognition sequence for
Srfl, and encodes the amino acids GPG. The bridging
sequence corresponds to amino acids 227-229 of FIG.
22A-22C.

After one round (for Fltl 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/Flt1D2.VEGFR3D3.Fc. The sequence of
the F1t1D2-VEGFR3D3 gene fusion insert was verified by
standard sequence analysis. This plasmid was then digested
with the restriction enzymes EcoRI and Srfl and the result-
ing 693bp fragment was subcloned into the EcoRI to Srfl
restriction sites of the plasmid pFlt1(1-3)AB2-FcACl(a) to

produce the plasmid designated
pFlt1D2.VEGFR3D3.FcACl(a). The complete DNA
deduced amino acid sequence of the

FIt1D2.VEGFR3D3.FcACl(a) chimeric molecule is set
forth in FIG. 22A-22C.

Example 18

Extracellular Matrix Binding (ECM) Binding Assay

ECM-coated plates (Becton Dickinson catalog # 35-4607)
were rehydrated with warm DME supplemented with
glutamine (2 mM), 100 U penicillin, 100 U 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 Flt1D2.Flk1D3.FcACl(a) and
FIt1D2.VEGFR3D3.FcACI(a) starting at 10 nM with sub-
sequent 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
br. 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 develop-
ment. Plates were read at I=405-570 nm. The results of this
experiment are shown in FIG. 23 and demonstrate that the
FIt1D2.Flk1D3.FcACl(a) and FIt1D2.VEGFR3D3.FcACl
(a) proteins are considerably less sticky to the ECM as
compared to the Flt1(1-3)-Fc protein.
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Example 19

Transient Expression of pFlt1D2.Flk1D3.FcACl(a)
in CHO-K1 (E1A) cells

Alarge scale (2 L) culture of E. coli DH10B cells carrying
the pFlt1D2.FIk1D3.FcAC1(a) plasmid described supra in
Example 17(a) was grown overnight in Terrific Broth (TB)
plus 100 pg/ml ampicillin. The next day, the plasmid DNA
was extracted using a QIAgen 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
EcoRl plus Notl and Asel. All restriction enzyme digest
fragments corresponded to the predicted sizes when ana-
lyzed on a 1% agarose gel.

Forty 15 cm petri plates were seeded with CHO-K1/E1A
cells at a density of 4x10° cells/plate. Plating media was
Gibco Ham’s F-12 supplemented with 10% HYCLONE™
Fetal Bovine Serum (FBS), 100 U penicillin/100 U strep-
tomycin and glutamine (2 mM). The following day each
plate of cells was transfected with 6 pg of the
pFlt1D2 Flk1D3.FcAC1(a) plasmid DNA using Gibco Opti-
mem 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 incu-
bated at 37° C. in a 5% CO, incubator overnight. The
following day the media was removed from each plate and
25 ml expression media (Gibco CHO-S-SFM 1I supple-
mented with glutamine (2 mM) and 1 mM 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 cells. The supernatant was decanted into
sterile 1 L bottles and purification of the expressed protein
was performed as described infra.

Example 20

Construction pVEGFRIR2-FcAC1C(a) Expression
Vector

The pVEGFR1R2.FcACl(a) expression plasmid was con-
structed by insertion of DNA encoding amino acids SDT
(corresponding to amino acids 27-29 of FIG. 24A-24C)
between Flt1d2-Flk1d3-FcACI1(a) amino acids 26 and 27 of
FIG. 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 FIt] receptor
and was added back in to decrease the likelihood of hetero-
geneous N-terminal processing. The GPG (bridging
sequence) was removed so that the Flt] and Fik1 lg domains
were fused directly to one another. The complete DNA and
deduced amino acid sequences of the pVEGFRIR2.FcACl
(a) chimeric molecule is set forth in FIG. 24A-24C.

Example 21

Cell Culture Process Used to Produce Modified
Flt1 Receptors

(@ Cell Culture Process Used to Produce
Flt1D2 Flk1D3.FcACl(a)

The process for production of Flt1D2.Flk1D3.FcACl(a)
protein using the expression plasmid

pFlt1D2.FIk1D3.FcACl(a) described supra in Example 1
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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
Flt1D2.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 confiuence
(approximately 3 to 4 days) the cells were detached using
trypsin. Fresh medium was added to protect 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 5 L
bioreactor (New Brunswick Celligen Plus) where the cells
are grown in 3.5 L of suspension culture. The suspension
culture medium was a glutamine-free low glucose modifi-
cation of IS-CHO (Irvine Scientific) to which 5% fetal
bovine serum (Hyclone), GS supplement (Life Technolo-
gies) and 25 pM 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 4x10° cells/ml. was reached the cells
were transferred to a 40 L 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.

Cell Culture Process Used to Produce

Fit1D2.VEGFR3D3.FcAC1(a)
The same methodologies as described supra for
FIt1D2.FIk1D3.FcAC1(a) were wused to produce
FIt1D2.VEGFR3D3.FcACl(a).

Example 22

Harvest and Purification of Modified Fltl Receptors

(a) Harvest and Purification of FIt1D2.FIk1D3.FcACl(a)

The product protein was aseptically harvested from the
bioreactor while retaining cells using Millipore Prostak
tangential-flow filtration modules and a low-shear mechani-
cal pump (Fristam). Fresh medium was added to the biore-
actor to replace that removed during the harvest filtration.
Approximately 40 L 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. F1t1D2.FIk1D3.FcACl(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.
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Severa] frozen lots of Flt1D2.FIk1D3.FcACI(a) protein
from the Protein A step above -were thawed, pooled and
concentrated using a Millipore 30 KD nominal molecular
weight cutoff (NMWCO) tangential flow filtration mem-
brane. The protein was transferred to a stirred cell concen-
trator (Millipore) and further concentrated to 30 mg/mL
using a 30 kD 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% glyc-
erol. The same buffer was used to run the column. The
fractions corresponding to Flt1D2.Flk1D3.FcACl(a) dimer
were pooled, sterile filtered through a 0.22 micron filter,
aliquoted and frozen.

(b) Harvest and Purification of FIt1D2.VEGFR3D3.FcACl
@

The same methodologies as described supra for
Flt1D2.F1k1D3.FcACl(a) were used to harvest and purify
Flt1D2.VEGFR3D3.FcAC] (a).

Example 23

Phosphorylation Assay for Transiently Expressed
VEGFR2

Primary human umbilical vein endothelial cells (HU-
VECs), passage 4-6, were starved for 2 hrs in serum-free
DME high glucose media. Samples containing 40 ng/m} (1
nM) human VEGF165, which is a ligand for the VEGF
receptors Fltl, Flk1 and FIt4(VEGFR3) were prepared and
were preincubated for 1 hr. at room temperature with vary-
ing amounts of the modified Flt1 receptors Flt1(1-3)-Fc,
Flt1(1-3)-Fc  (A40), FID2FIkID3.FcACl(a) and
FIt1D2VEGFR3D3.FcACl1(a) in serum-free DME-high glu-
cose media containing 0.1% BSA. Cells were challenged for
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 immuno-
precipitated lysates were loaded onto 4-12% SDS-PAGE
Novex gel and then transferred to PVDF membrane using
standard transfer methodologies. Detection of phosphory-
lated VEGFR2 was done by immunoblotting with the anti-
phospho Tyrosine mAb called 4G10 (UBI) and developed
using ECL-reagent (Amersham). FIGS. 25A-25C and 26A-
26B show the results of this experiment. FIG. 25A-25C
reveals that detection by Western blot of tyrosine phospho-
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rylated VEGFR2(Flk1) by VEGF165 ligand stimulation -

shows that cell-surface receptors are phosphorylated to
varying levels depending on which modified Flt1 receptor is
used during the preincubations with VEGF. As is seen in
FIG. 25A, at a 1.5 molar excess of either Flt1(1-3)-Fc,
Flt1(1-3)-Fc (A40) or transient Flt1D2Flk1D3.FcACl(a)
there is complete blockage of receptor stimulation by these
three modified Flt] receptors as compared to control media
challenge. In contrast, transient Fit1 D2VEGFR3D3.FcAC1
(a) does not show significant blockage at this molar excess,
as compared with VEGF positive control challenge. Similar
results are seen in FIG. 25B, where the modified Flt recep-
tors are in a 3-fold molar excess to VEGF165 ligand. In FIG.
25C, where the modified Flt1 receptors are in a 6-fold molar
excess to VEGF165 ligand, transient
Fit1D2VEGFR3D3.FcAC1(a) can now be shown to be par-
tially blocking VEGF165-induced stimulation of cell-sur-
face receptors.

In FIG. 26A-26B, detection by Western blot of tyrosine
phosphorylated VEGFR2(Fik1) by VEGF165 ligand stimu-
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lation shows that cell-surface receptors are not phosphory-
lated by challenge samples which have VEGF165 preincu-
bated with 1 and 2 fold molar excess (FIG. 26A) or 3 and 4
fold molar excess (FIG. 26B) of either transient
FltID2FIk1D3.FcAC1(a). stable Flt1D2FIk1D3.FcACl(a),
or transient VEGFR1R2-FcACl(a). At all modified Fltl
receplor 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(FIk1) extracellular
domain fused to the TrkB intracellular kinase domain, thus
producing a chimeric molecule. The reason the TrkB intra-
cellular kinase domain was used rather than the native
VEGFR2(FIk1) intracellular kinase domain is that the intra-
cellular kinase domain of VEGFR2(F1k1) does not cause a
strong proliferative response when stimulated 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.

5x10° 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, Flt1D2.Flk1D3.FcAC1(a) and
Fit1D2.VEGFR3D3.FcACI1(a), plus an irrelevant receptor
termed Tie2-Fc as a negative control, were titrated from 40
nM to 20 pM and incubated on the cells for 1 hr at 37° C.
Human recombinant VEGF165 in defined media was then
added to all the wells at a concentration of 1.56 nM. 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 450/570 nm. The results of
this experiment are shown in FIG. 27. The control receptor
Tie2-Fc does not block VEGF165-induced cel! proliferation
at any concentration whereas Flt1D2 . FIk1D3.FcACl(a)
blocks 1.56 nM VEGF165 with a half maximal dose of 0.8
nM. Flt1(1-3)-Fc and FIt1D2.VEGFR3D3.FcACl(a) are less
eflective in blocking VEGF165 in this assay with a half
maximal dose of ~2 nM. VEGF165 alone gives a reading of
1.2 absorbance units and the background is 0.38 absorbance
units.

Example 25

Binding Stoichiometry of Modified Flt Receptors to
VEGF165

(a) BLACORE™ Analysis

The stoichiometry of Fit1D2Flk1D3.FcACl(a) and
VEGFRIR2-FcACI1(a) interaction with human VEGF165
was determined by measuring either the level of VEGF
saturation binding to the FlItID2FIk1D3.FcACl(a) or
VEGFRIR2-FcACl(a) surfaces or measuring concentration
of VEGF165 needed to completely prevent binding of
FIt1D2FIk1D3.FcACi(a) or VEGFRIR2-FcACl(a) to
VEGF BIACORE™ chip surface.
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Modified Flt receptors Flt1D2FIk1D3.FcACl(a) and
VEGFR1R2-FcAC1(a), were captured with an anti-Fc spe-
cific antibody that was first immobilized on a BIACORE™
chip 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 FItID2FIk1D3.FcACl(a) and VEGFRIR2-FcACl(a)
surfaces at 10 pl/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
Flt1D2F1k1D3.FcACl1(a) or VEGFR1R2-FcACl(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 Flt1 D2Flkl1 D3.FcACl(a) or
VEGFR1R2-Fc AC1(a) molecule (FIG. 28).

In solution, FIt1D2FIk1D3.FcACl(a) or VEGFR1R2-
FcAC1(a) at a concentration of 1 nM (estimated to be 1000
times higher than the KD of the FIt1 D2F1k1 D3.FcACl(a)
or VEGFR1 R2-FcAC1(a)NEGF165 interaction) were
mixed with varied concentrations of VEGF165. After one
hour incubation, concentrations of the free
FIt1D2F1k1D3.FcACl1(a) in solution were measured as a
binding signal to an amine-coupled VEGF165 surface. A
calibration curve was used to convert the
Flt1D2F1k1D3.FcAC1(a) BIACORE™ binding signal to its
molar concentration. The data showed that the addition of 1
nM VEGF165 into the FIt1D2F1k1D3.FcACl(a) solution
completely blocked F1t1D2F1k1D3.FcACl(a) binding to the
VEGF165 surface. This result suggested the binding sto-
ichiometry of one VEGF165 molecule per one
Flt1D2F1k1D3.FcAC1(a) molecule (FIG. 29 and FIG. 30).
When the concentration of Flt1D2Flk1D3.FcAC1(a) was
plotted as a function of added concentration of VEGF165,
the slope of the linear portion was 1.06 for
Flt1D2F1k1D3.FcACl1(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 Flt1D2Flk1D3.FcAC1(a) or VEGFRIR2-
FcACl(a).

(b) Size Exclusion Chromatography
Fit1D2F1k1D3.FcACl(a) was mixed with a 3-fold excess
of VEGF165 and the receptor-ligand complex was purified
using a Pharmacia SUPEROSE™ 6 size exclusion chroma-
tography column. The receptor-ligand complex was then
incubated in a buffer containing 6M guanidine hydrochlo-
ride in order to dissociate it into its component proteins.
Fit1D2F1k1D3.FcACl(a) was separated from VEGF165
using SUPEROSE™ 6 size exclusion chromatography col-
umn run in 6M guanidium chloride. In order to determine
complex  stoichiometry,  several  injections  of
FIt1D2F1k1D3.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 cali-
bration was done under condition identical to one used in
separating components of Flt1D2F1k1D3.FcAC1(a)VEGF
complex. Quantification of the Flt1D2Flk1D3.FcACl(a)/
VEGF complex composition was based on the calibration
curves. The results of this experiment are set forth in FIG.
28, which shows the ratio of VEGFI65 1o
FItID2F1k1D3.FcAC1(a) in a complex to be 1:1.
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Example 26

Determination of the Binding Stoichiometry of
FIt1D2F1k1D3.FcAC1(a)/VEGF165 Complex by
Size Exclusion Chromatography

Flt1D2F1k1D3.FcAC1(a)/VEGF165 Complex Preparation
VEGF165 (concentration=3.61 mg/ml) was mixed with
CHO cell transiently expressed FIt1D2.FlIk1D3.FcACl(a)
(concentration=0.9 mg/ml) in molar ratio of 3:1 (VEGF165:
Flt1D2.F1k1D3.FcAC1(a)) and incubated overnight at 4° C.

(a) Size Exclusion Chromatography (SEC) Under Native

Conditions

To separate the complex from excess of unbound
VEGF165, 50 pl 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 40 ul/min. at room temperature. The results of this SEC
are shown in FIG. 31. Peak #1 represents the complex and
peak #2 represents unbound VEGF165. Fractions eluted
between 1.1 and 1.2 m] were combined and guanidinivm
hydrochloride (GuHCl)was added to a final concentration
4.5M to dissociate the complex.

(b) Size Exclusion Chromatography (SEC) Under Dissocia-

tive Conditions

To separate the components of the receptor-ligand com-
plex and to determine their molar ratio, 50 pl of dissociated
complex as described supra was loaded onto a SUPER-
OSE™ 12 PC 3.2/30 equilibrated in 6M GuHCI and eluted
with the same solution at a flow rate 40 pl/min. at room
temperature. The results of this SEC are shown in FIG. 32.

(c) Calculation of Flt1D2Flk1D3.FcACl(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

Flt1D2F1k1D3.FcACl(a) corresponding to the peak height
or peak area, respectively, were obtained from the standard
curves for VEGF165 and FlIt1D2FIk1D3.FcACl(a). To
obtain a standard curve, four different concentrations (0.04
mg/m| -0.3 mg/ml) of either component were injected onto
a Pharmacia SEPHAROSE™ 12 PC 3.2/30 column equili-
brated in 6M guanidinium chloride and etuted with the same
solution at flow rate 40 pl/min. at room temperature. The
standard curve was obtained by plotting peak area or peak
height vs protein concentration. The molar ratio of
VEGI165:FIt1D2FIk1D3.F'cACl(a) determined from the
peak area of the components was 1.16. The molar ratio of
VEGF165:FIt1D2F1k1D3.FcACl(a) determined from the
peak height of the components was 1.10.

Example 27

Determination of the Stoichiometry of the
Flt1D2F1k1D3.FcAC1(a)/VEGF165 Complex by
Size Exclusion Chromatography with On-Line

Complex Preparation

Light Scattering

VEGF165 was mixed with CHO transiently expressed
F1t1D2 FlkiD3.FcAC1(a) protein in molar ratio of 3:1
(VEGF165:FIt1D2FIk1D3.FcAC1(a)) and incubated over-

night at 4° C.
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(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, Calif.) and refractive index (RI) detectors (Shi-
madzu, 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 (Phar-
macia) equilibrated in PBS buffer and eluted with the same
buffer at flow rate 0.5 ml/min. at room temperature. As
shown in FIG. 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 deter-
mine MW of the individual components of the receptor-
ligand complex. The results of these determinations are as
follows: MW of the Flt1D2Flk1D3.FcAC1(a)/VEGF-165
complex at the peak position is 157 300 (FIG. 33), the MW
of VEGF165 at the peak position is.44 390 (FIG. 34) and the
MW of R1R2 at the peak is 113 300 (FIG. 35).

These data indicated that the stoichiometry of the
Flt1D2F1k1D3.FcAC1(a)VEGF complex is 1:1 as its cor-
responds to the sum of molecular weights for
FIt1D2FIk1D3.FcAC1(a) and VEGF165. Importantly, this
method conclusively proved that the Flt1D2F1k1D3.FcAC1
(a)/VEGF165 complex was indeed composed of only one
molecule of VEGF165 ligand and only one molecule of the
FIt1D2F1k1D3.FcACl(a).

Example 28
Peptide Mapping of Flt1D2 Flk1D3.FcACl(a)

The disulfide structures and glycosylation sites in
FIt1D2.F1k1D3.FcACl(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 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, Calif.)
was employed to help identify fragments with N-linked
glycosylation sites. The results are summarized in the
accompanying F1G. 36.

There are a total of ten cysteines in
Flt1D2.F1k1D3.FcACl(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 confimed 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.FcACl(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
observed on Asn65 and Asnl120. Sites of glycosylation are
highlighted by underline in the FIG. 36.
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Example 29

Pharmacokinetic Analysis of Modified Flt
Receptors

(a) Pharmacokinetic Analysis of Fit1(1-3)-Fc (A40),
FIt1D2 Flk1D3.FcACl1(a) and VEGFRIR2-FcACl1(a)

Balb/c mice (25-30 g) were injected subcutaneously with
4 mg/kg of Flt1(1-3)-Fc (A40). CHO transiently expressed
FIt1D2.FIk1D3.FcACl(a), CHO  stably  expressed
FIt1D2.F1k1D3.FcAC1(a), and CHO transiently expressed
VEGFRI1R2-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), F1t1D2.F1k1D3.FcAC1(a) or VEGFR1R2-FcACl(a).
The ELISA involves coating an ELISA plate with
VEGF165, binding the detect Flt1(1-3)-Fc (A40),
FIt1D2.FIk1D3.FcACl1(a) or VEGFRIR2-FcACl(a) and
reporting with an anti-Fc antibody linked to horse radish
peroxidase. The results of this experiments are shown in
FIG. 37. The T,,,,, for Flt}(1-3)-Fc (A40) was at 6 hrs whilc
the T,,,, for the transient and stable Flt1D2.FIk1D3.FcAC1
(a) and the transicnt VEGFR1R2-FcAC1(a) was 24 hrs. The
C,ac for F1t1(1-3)-Fc (A40) was 8 pg/ml. For both transients
(FIt1D2.FIk1D3.FcAC1(a) and VEGFRIR2-FcACl1(a)) the
C,ax Was 18 pg/ml and the C,,,,, for the stable VEGFR1R2-
FcACl1(a) was 30 pg/ml.

(b) Pharmacokinetic Analysis of FIt1(1-3)-Fc (A40),
Flt1D2.FIk1D3.FcACli(a) and FIt1D2.VEGFR3D3.FcACl
(@

Balb/c mice (25-30 g) were injected subcutaneously with
4 mg/kg of Flt1(1-3)-Fc (A40), CHO transiently expressed
FIt1D2.FIk1D3.FcACl(a) and CHO transiently expressed
Flt1D2.VEGFR3D3.FcACI1(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 Fitl1(1-3)-Fc,
FIt1D2.FIk1D3.FcAC1(a) and FlIt1D2.VEGFR3D3.FcACl
(a). The ELISA involves coating an ELISA plate with 165,
binding the Flt1(1-3)-Fc, FitID2FIkiD3.FcACl(a) or
Flt1D2.VEGFR3D3.FcAC1(a) and reporting with an anti-Fc
antibody linked to horse radish peroxidase. Flt1(1-3)-Fc
(A40) could no longer be detected in the serum after day 5
whereas, F1t1D2.Fk1D3.FcACl(a) and
FIt1D2.VEGFR3D3.FcACI1(a) were detectable for 15 days
or more. The results of this experiment are shown in FIG. 38.

Example 30

Evaluation of the Ability of
F1t1D2.F1k1D3.FcAC]1(a) to Inhibit Tumor Growth
in Vivo

To evaluate the ability of Flt1D2.Flk1D3.FcACl(a) to
inhibit tumor growth in vivo a model in which tumor cell
suspensions are implanted subcutaneously on the right flank
of male severe combined immunodeficiency (SCID) mice
was employed. Two cell lines, the human HT-1080 fibrosa-
rcoma 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
F1t1D2 FIk1D3.FcAC1(a) (at 25 mg/Kg or as indicated in
FIGS. 39 and 40) was given on the day of tumor implanta-
tion. Animals subsequently received subcutaneous injec-
tions of Flt1(1-3)-Fc (A40), Flt1D2.Flk1D3.FcACl(a) or
vehicle either every other day (EOD) or two times per week
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(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  FltI(1-3)-Fc (A40) and
Fit1D2 Flk1D3.FcACi(a) significantly reduced the growth
of tumors formed by HT-1080 and C6 cells. The results of
these experiments are shown in FIG. 39 and FIG. 40.

Example 31

Thé Effect of VEGF165 and Modified Flt
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 mecha-
nisms which regulate angiogenesis, vascular 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 abnor-
malities 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 hyper-
stimulation 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 per-
meability 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
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 (Find-
lay, 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 (Sh-
weiki 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 biologi-
cal 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.
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While the expression of VEGF receptors is largely con-
fined 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 tropho-
blast invasion. Interestingly, both Flt1 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 metastatic ovarian
carcinomas not only to express high levels of VEGF, but—in
addition to the vascular endothelium—the tumor cells them-
selves 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 vas-
culature, but that at least in some tumors of reproductive
origin VEGF may subserve an autocrine role, directly sup-
porting the survival and proliferation of the tumor cells.
Thus agents which block the actions of VEGF may have
particularly beneficial applications to the trecatment of
tumors of reproductive origin.

Methods and Results

(a) Assessment of VEGF-Induced Uterine Hyperpermeabil-
ity

Pregnant mare’s serum gonadotrophin (PMSG) was
injected subcutaneously (5 1U) to induce ovulation in pre-
pubertal 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 hyperper-
meability of the uterus and an increase in uterine wet weight
6 hrs. later and, therefore, could potentially be blocked by
the modified Flt receptors Fltl(1-3)-Fc  (A40),
Flt1D2.Fik1D3.FcACl(a) and Fit1D2.VEGFR3D3.FcACl
(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 Flt1(1-3)-Fc (A40),
Fit1D2.Fik1D3.FcAC1(a) and Fit1D2.VEGFR3D3.FcACl
(a) at 25 mg/kg at 1 hr. after PMSG injection results in about
a 50% inhibition of the increase in uterine wet weight.
Increasing the dose of modified Flt 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 FIG. 41.

(a) Assessment of Corpus Luteum Angiogenesis Using
Progesterone as a Readout

Pregnant mare’s serum gonadotrophin (PMSG) is injected
subcutaneously (5 TU) 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 5 ng/ml and this can be induced to a
level of 25-40 ng/ml after PMSG. Subcutaneous injection of
Flt1(1-3)-Fc (A40) or F1t1D2 Flk1D3.FcACl(a) at 25 mg/kg
or 5 mg/kg at 1 hr. after PMSG injection results in a
complete inhibition of the progesterone induction on day 4.
The results of this experiment are shown in FIG. 42A-42B.
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Example 33

Pharmacokinetic Analysis of Flt1(1-3)-Fc (A40)
and Pegylated Flt1(1-3)-Fc

40
3nas)-Fe, Flt1(1-34_, o)-Fc and Tie2-Fc. Flt1(1-3,,4)-Fcis a
modified version of Flt1(1-3)-Fc in which the highly basic
amino acid sequence KNKRASVRRR is replaced by NAS-
VNGSR, resulting in the incorporation of two new glyco-

5 sylation sites and a net reduction of five positive charges,

Flt1(1-3)-Fc was PEGylated with either 10 kD PEG or 20
kD 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 Flt1(1-3)-Fc (A40), with
the Tmax occurring at 24 hrs. for the PEGylated molecules 1
as opposed to 6 hrs. for FIt1(1-3)-Fc (A40).

Example 34

VEGF165 ELISA to Test Affinity of Modified Flt1 1
Receptor Variants

10 pM of VEGF165 was incubated overnight at room
temperature with modified Flt1 receptor variants ranging

from 160 pM to 0.1 pM. The modified Flt] receptor variants 2

used in this experiment were FIt1(1-3)-Fc, Flt1(1-3)-Fc
(A40), transiently expressed Flt1D2F1k1D3.FcAC1(a), tran-
siently expressed Flt1D2VEFGFR3D3-FcACI(a), Fltl-(1-

both with the purpose of reducing the unfavorable effects of

this sequence on PK. Flt1(1-3g.,¢)-Fc is a modification in
" which a single arginine (R) residue within the same basic

amino acid sequence is changed to a cysteine (C) (KNK
° RASVRRR->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 Flt1 receptor
variant with the highest affinity. for VEGF165 (determined
as the lowest amount of free VEGF165) was
Flt1D2FIk1D3.FcAC1(a), followed by Flt1(1-3)-Fc and Fltl
(1-3)-Fc (A40) and then by Flt1(1-3¢_,¢)-Fc, Flt1(1-35,5)-
Fc and Flt1D2VEFGFR3D3-FcAC1(a). Tie2Fc has no affin-
ity for VEGF165.

<

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 38

<210> SEQ ID NO 1

<211> LENGTH: 1704

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)...(1701)

<400> SEQUENCE: 1

atg gtc agc tac tgg gac acc ggg gtc ctg ctg tgc gcg
Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala
1 S 10

tgt ctg ctt ctc aca gga tct agt tca ggt tca aaa tta
Cys Leu Leu Leu Thr Gly Ser Ser Ser Gly Ser Lys Leu
20 25

gaa ctg agt tta aaa ggc acc cag cac atc atg caa gca
Glu Leu Ser Leu Lys Gly Thr Gln His Ile Met Gln Ala
35 40 45

ctg cat ctc caa tgc agg ggg gaa gca goc cat aaa tgg
Leu His Leu Gln Cys Arg Gly Glu Ala Ala His Lys Trp
50 55 60

gaa atg gtg agt aag gaa agc gaa agg ctg agc ata act
Glu Met Val Ser Lys Glu Ser Glu Arg Leu Ser Ile Thr
65 70 78

tgt gga aga aat ggc aaa caa ttc tgc agt act tta acc
Cys Gly Arg Asn Gly Lys Gln Phe Cys Ser Thr Leu Thr
85 90

gct caa gca aac cac act ggc ttc tac age tgc aaa tat
Ala Gln Ala Asn His Thr Gly Phe Tyr Ser Cys Lys Tyr
100 105

cct act tca aag aag aag gaa aca gaa tct gca atc tat
Pro Thr Ser Lys Lys Lys Glu Thr Glu Ser Ala Ile Tyr
115 120 125

agt gat aca ggt aga cct ttc gta gag atg tac agt gaa
Ser Asp Thr Gly Arg Pro Phe Val Glu Met Tyr Ser Glu

ctg ctc age 48
Leu Leu Ser
15

aaa gat cct 96
Lys Asp Pro
30

ggc cag aca 144
Gly Gln Thr

tct ttg cct 192
Ser Leu Pro

aaa tct gcc 240
Lys Ser Ala

80
ttg aac aca 288
Leu Asn Thr

95

cta gct gta 336
Leu Ala Val
110
ata ttt att 384

Ile Phe Ile

atc ccc gaa 432
Ile Pro Glu
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US 7,374,758 B2

-continued
130 135 140
att ata cac atg act gaa gga agg gag ctc gtc att cec tgc cgg gtt 480
Ile Ile His Met Thr Glu Gly Arg Glu Leu Val Ile Pro Cys Arg Val
145 150 155 160
acg tca cCct aac atc act gtt act tta aaa aag ttt cca ctt gac act 528
Thr Ser Pro Asn Ile Thr Val Thr Leu Lys Lys Phe Pro Leu Asp Thr
165 170 175
ttg atc cct gat gga aaa cgc ata atc tgg gac agt aga aag ggc ttc 576
Leu Ile Pro Asp Gly Lys Arg Ile Ile Trp Asp Ser Arg Lys Gly Phe
180 185 190
atc ata tca aat gca acg tac aaa gaa ata ggg ctt ctg acc tgt gaa 624
Ile Ile Ser Asn Ala Thr Tyr Lys Glu Ile Gly Leu Leu Thr Cys Glu
195 200 205
gca aca gtc aat ggg cat ttg tat aag aca aac tat ctc aca cat cga 672
Ala Thr Val Asn Gly His Leu Tyr Lys Thr Asn Tyr Leu Thr His Arg
210 215 220
caa acc aat aca atc ata gat gtc caa ata agc aca cca cgc cca gtc 720
Gln Thr Asn Thr Ile Ile Asp Val Gln Ile Ser Thr Pro Arg Pro Val
225 230 235 240
aaa tta ctt aga ggc cat act ctt gtc ctc aat tgt act gct acc act 768
Lys Leu Leu Arg Gly His Thr Leu Val Leu Asn Cys Thr Ala Thr Thr
245 250 255
cee ttg aac acg aga gtt caa atg acc tgg agt tac cct gat gaa aaa 816
Pro Leu Asn Thr Arg Val Gln Met Thr Trp Ser Tyr Pro Asp Glu Lys
260 265 270
aat aag aga gct tec gta agg cga cga att gac caa agc aat tcc cat 864
Asn Lys Arg Ala Ser Val Arg Arg Arg Ile Asp Gln Ser Asn Ser His
275 280 285
gcc aac ata ttc tac agt gtt ctt act att gac aaa atg cag aac aaa 912
Ala Asn Ile Phe Tyr Ser Val Leu Thr Ile Asp Lys Met Gln Asn Lys
290 295 300
gac aaa gga ctt tat act tgt cgt gta agg agt gga cca tca tte aaa 960
Asp Lys Gly Leu Tyr Thr Cys Arg Val Arg Ser Gly Pro Ser Phe Lys
305 310 315 320
tet gtt aac acce tca gtg cat ata tat gat aaa gca ggc ccg ggc gag 1008
Ser Val Asn Thr Ser Val His Ile Tyr Asp Lys Ala Gly Pro Gly Glu
325 330 335
ccc aaa tct tgt gac aaa act cac aca tgc cca ccg tgc cca geca cct 1056
Pro Lys Ser Cys Aeop Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
340 345 350
gaa ctc ctg ggg gga ccg tca gtc tte cte ttec ccc cca aaa ccc aag 1104
Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
355 360 365
gac acc ctc atg atc tcc cgg acc cct gag gtc aca tgce gtg gtg gtg 1152
Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
370 375 380
gac gtg agc cac gaa gac cct gag gtc aag ttc aac tgg tac gtg gac 1200
Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
385 390 395 400
ggc gtg gag gtg cat aat gcc aag aca aag ccg cgg gag gag cag tac 1248
Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr
405 410 415
aac agc acg tac cgt gtg gtc agc gtc Cte acc gtc ctg cac cag gac 1296
Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
420 425 430
tgg ctg aat ggc aag gag tac aag tgc aag gtc tcc aac aaa gcc ctc 1344
Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
435 440 445
cca gec ccc atc gag aaa acc atc tcC aaa gcc aaa ggg cag ccc cga 1392
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43

US 7,374,758 B2

-continued

44

gaa
.Glu
465
aac
Asn

atc
Ile

acc
Thr

aag
Lys
tge
545

cte
Leu

<210>
<211>
<212>
<213>

<400>

Ala
450

cca
Pro

cag
Gln

gcc
Ala

acg
Thr

cte
Leu
530

tec

Ser

tece
Ser

Pro

cag
Gln

gtec
val

gtg
Val

Pro
515

acce

Thr

gtg
val

ctg
Leu

Met Val Ser

i

Cys

Glu

Glu

65

Ala

Pro

Ile
145

Thr

Ile

Ala

Leu

Leu

His

50

Gly

Gln

Thr

Asp

130

Ile

Ser

Ile

Ile

Thr

Leu

Ser

35

val

Arg

Ala

Ser

115

Thy

His

Pro

Pro

Ser

195

val

Ile

gtg
Val

age
Ser

gag
Glu
500

cce
Pro

gtg
Val

atg
Met

tet
Ser

Tyr

Leu

20

Gln

Ser

Asn

Asn

100

Lys

Gly

Met

Asp
180

Asn

Asn

Glu

tac

Tyr

ctg
Leu
485

tgg
Txp

gtg
Val

gac
Asp

cat
His

ccg
Pro
565

SEQ ID NO 2
LENGTH: 567
TYPE: PRT
ORGANISM: Homo sapiens

SEQUENCE: 2

Trp

s

Thr

Lys

Cys

Lyo

Gly

85

Hio

Lyse

Arg

Thr

Ile

165

Gly

Ala

Gly

Lys

acc
Thr
470

acc
Thr

gag
Glu

ctyg
Leu

aag
Lys

gag
Glu
S50

ggt
Gly

Asp

Gly

Gly

Arg

Glu

70

Lys

Thr

Lys

Pro

Glu

150

Thr

Lys

Thr

His

Thr
455

ctg

Leu

tge
cys

age
Ser

gac
Asp

agce
Ser
S35

get
Ala

aaa
Lys

Thr

Ser

Thr

Gly

55

Ser

Gin

Gly

Glu

Phe

135

Gly

vVal

Arg

Tyr

Leu

Ile

cce

ctg
Leu

aat
Asn

tcc
Ser
520

agg
Arg

ctg
Leu

tga

Gly

Ser

Gln

40

Glu

Glu

Phe

Phe

Thr

120

val

Arg

Thr

Ile

Lys

200

Tyr

Ser

cca
Pro

gtc
val

999
Gly
505

gac

Asp

tgg
Trp

cac
His

Val

Sexr

25

His

Ala

Arg

Cys

Tyr

105

Glu

Glu

Glu

Leu

Ile

185

Glu

Lys

Lys

tece
Ser

aaa
Lys
490

cag
Gln

gg¢
Gly

cag
Gln

aac
Asn

Leu

10

Gly

Ile

Ala

Leu

Ser

90

Ser

Ser

Met

Leu

Lys

170

Trp

Ile

Thr

Ala

cgg
Arg
475

ggc
Gly

cey
Pro

tee
Ser

cag
Gln

cac
His
585

Ser

Met

Hise

Ser

75

Thr

Cys

Ala

Tyr

Val

155

Lys

Asp

Gly

Asn

Lys Gly Gln Pro

460
gat
Asp

tte
Phe

gag
Glu

tte
Phe

999
Gly
540

tac

Tyr

cys

Lys

Gln

Lys

60

Ile

Leu

Lys

Ile

Ser

140

Ile

Phe

Sexr

Leu

Tyr

gag
Glu

tat
Tyr

aac
Asn

ttc
Phe
525

aac

Asn

acg
Thr

Ala

Leu

Ala

45

Trp

Thr

Thr

Tyr

Tyr

125

Glu

Pro

Pro

Arg

Leu

205

Leu

ctg
Leu

cee
Pro

aac
Asn
510

ctc

Leu

gte
Val

cag
Gln

Leu

Lys

30

Gly

Ser

Lys

Leu

Leu

110

Ile

cys

Leu

Lys

190

Thr

Thr

acc
Thr

agc
Ser
495

tac
Tyxr

tac

Tyr

tte
Phe

aag
Lys

Leu

15

Asp

Gln

Leu

Ser

Asn

95

Ala

Phe

Pro

Arg

Asp

175

Cys

His

Arg

aag
Lys
480

gac

Asp

aag
Lys

agc
Ser

tca
Ser

age
Ser
560

Ser

Pro

Thr

Pro

Ala

80

Thr

Val

Ile

Glu

val

160

Thr

Phe

Glu

Axg

1440

1488

1536

1584

1632

1680

1704
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45

US 7,374,758 B2

-continued

46

Gln
225
Lys

Pro

Ala

Aop
305

Glu

Asp

Asp

385

Gly

Asn

Trp

Glu
465

Thr

<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400>

210

Thr

Leu

Leu

Lys

Asn

290

Lys

Val

Lys

Leu

Thr

370

Val

Val

Ser

Leu

Ala

450

Pro

Gln

Ala

Thr

Leu

530

Ser

Ser

Asn

Leu

Asn

Arg

275

Gly

Asn

Sexr

Leu

355

Leu

Ser

Glu

Thr

Asn

435

Pro

Gln

val

Val

Pro

515

Thr

Val

Leu

Thr

Arg

Thr

260

Ala

Phe

Leu

Thr

cys

340

Gly

Met

His

val

Tyxr

420

Gly

Ile

Val

Ser

Glu

500

Pro

Val

Met

Ser

SEQUENCE :

Ile

Gly

245

Arg

Ser

Tyr

Tyr

Ser

325

Rop

Gly

Ile

Glu

His

405

Arg

Lys

Glu

Tyr

Leu
485

Trp

Val

Asp

His

Pro
565

SEQ ID NO 3
LENGTH :
TYPE: DNA
ORGANISM:
FEATURE:

NAME/KEY :
LOCATION:

1674

Homo sapiens

CDs

(1)...(1671)

3

Ile

230

His

Val

Val

Ser

Thr

310

Val

Lys

Pro

Ser

Asp

390

Asn

val

Glu

Lys

Thr

470

Thr

Glu

Leu

Lys

Glu

550

Gly

215
Asp

Thr

Gln

Arg

val

295

cys

His

Thr

Ser

Arg

375

Pro

Ala

Val

Tyr

Thr

455

Leu

Cys

Ser

Asp

Ser

535

Ala

Lys

val

Leu

Met

Arg

280

Arg

Ile

Hig

val

360

Thr

Glu

Lys

Ser

Lys

440

Ile

Pro

Leu

Asn

Sexr

520

Arg

Leu

Gln

Val

Thr

265

Thr

Val

Tyr

Thr

345

Phe

Pro

Val

Thr

Val

425

cys

Ser

Pro

Val

Gly

505

Asp

Trp

His

Ile

Leu

250

Trp

Ile

Ile

Arg

Asp

330

Cys

Leu

Glu

Lys

Lys

410

Leu

Lys

Lys

Sex

Lys

490

Gln

Gly

Gln

Asn

Ser

235

Asn

Ser

Asp

Asp

Ser

315

Lys

Pro

Phe

Val

Phe

395

Thr

val

Ala

Arg

475

Gly

Pro

Ser

Gln

His
555

220

Thr

cys

Tyr

Gln

Lys

300

Gly

Ala

Pro

Pro

Thr

380

Asn

Arg

Vval

Ser

Lys

460

Asp

Phe

Glu

Phe

Gly

540

Tyr

Pro

Thr

Pro

Ser

285

Pro

Gly

Cys

Pro

365

cys

Trp

Glu

Leu

Asn

445

Gly

Glu

Tyr

Asn

Phe

525

Asn

Thx

Arg

Ala

Asp

270

Asn

Gln

Ser

Pro

Pro

350

Lys

Vval

Tyr

Glu

His

430

Lys

Gln

Leu

Pro

Asn

510

Leu

Vval

Gln

Pro

Thr

255

Ser

Asn

Phe

Gly

335

Ala

Pro

Val

Val

Gln

415

Gln

Ala

Pro

Thr

Ser
495

Tyxr

Tyx

Phe

Lys

val

240

Thr

Lys

His

Lys

Lys

320

Glu

Pro

Lys

Val

Asp

400

Tyr

Asp

Leu

Arg

Lys

480

Lys

Ser

Ser

Ser
560
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47

US 7,374,758 B2

-continued

48

atg
Met

tgt
Cys

gaa
Glu

ctg
Leu

gaa
Glu
65

tgt
cys

gct
Ala

cct
Pro

agt
Ser

att
Ile
145

acg

Thr

ttg
Leu

atc
Ile

gca
Ala

caa
Gln
225

Lys

cce

gac
Asp

gac
Asp

agt
ser
305

gte
Val

ctg
Leu

ctg
Leu

cat
His
50

atg
Met

gga
Gly

caa
Gin

act
Thr

gat
Asp
130

ata
Ile

tca
Ser

atc
Ile

ata
Ile

aca
Thr
210

acc
Thr

tta
Leu

ttg
Leu

caa
Gln

aaa
Lys
290

gga
Gly

age
Ser

ctt
Leu

agt
Ser
35

cte
Leu

gtg
Val

aga
Arg

gca
Ala

tca
Ser
115

aca
Thr

cac

His

cct
Pro

cct
Pro

tca
Ser
195

gte
val

aat
Agn

=144
Leu

aac
Asn

age
Ser
275

atg
Met

cca
Pro

tac

Tyr

cte
Leu
20

tta
Leu

caa
Gln

agt
Ser

aat
Asn

aac
Asn
100

aag
Lys

ggt
Gly

atg
Met

aac
Asn

gat
Asp
180

aat
Asn

aat
Asn

aca
Thr

aga
Arg

acg
Thr
260

aat

Asn

cag
Gln

tca
Ser

tgg

aca
Thr

aaa
Lys

tgc
Cys

aag
Lys

ggc
Gly
85

cac
His

aag
Lye

aga
Arg

act
Thr

atc
Ile
165

gga
Gly

gca
Ala

999
Gly

atc
ile

gg9c
Gly
245

aga

Arg

tce
Ser

aac
Asn

tte
Phe

gac
Asp

gga
Gly

gge
Gly

agg
Arg

gaa
Glu
70

aaa
Lys

act
Thr

aag
Lys

cct
Pro

gaa
Glu
150

act
Thr

aaa
Lys

acg
Thr

cat
His

ata
Ile
230

cat
His

gtt
Vval

cat
His

aaa
Lys

aaa
Lys
310

acce
Thr

tct
Ser

ace
Thr

999
Gly
55

age
Ser

caa
Gln

gge
Gly

gaa
Glu

ttc
Phe
135

gg9a
Gly

gtt
Val

cge
Arg

tac

Tyr

ttg
Leu
21S

gat
Asp

act
Thr

caa
Gln

gee
Ala

gac
Asp
295

tct
Ser

999
Gly

agt
Ser

cag
Gln
40

gaa
Glu

gaa
Glu

ttc
Phe

tte
Phe

aca
Thx
120

gta
Val

agg
Arg

act
Thx

ata
Ile

aaa
Lys
200

tat

Es'2 4

gte
Val

ctet
Leu

atg
Met

aac
Asn
280

aaa

Lys

gtt
Val

gte
Vval

teca
Ser
25

cac
His

gca
Ala

agg
Arg

tgc
cys

tac
Tyr
105

gaa
Glu

gag
Glu

gag
Glu

tta
Leu

atc
Ile
185

gaa
Glu

aag
Lys

caa
Gln

gtc
val

acc
Thr
265

ata

Ile

gga
Gly

aac
Asn

ctg
Leu
10

ggt
Gly

ate
Ile

gce
Ala

ctg
Leu

agt
Ser
90

age
Ser

tet
Ser

atg
Met

ctec
Leu

aaa
Lys
170

tgg
Trp

ata
Ile

aca
Thr

ata
Ile

cte
Leu
250

tgg
Trp

tte
Phe

cte
Leu

acc
Thr

ctg
Leu

tca
Ser

atg
Met

His

agc
Ser
75

act
Thr

tgc
Cys

gca
Ala

tac

Tyr

gtc
val
155

aag
Lys

gac
Asp

999
Gly

aac
Asn

agc
Ser
235

aat
Asn

agt
Ser

tac

Ty

tat
Tyr

tca
Ser
315

tge gcg
Cys Ala

aaa tta
Lys Leu

caa gca
Gln Ala
45

aaa tgg
Lys Trp
60

ata act
Ile Thr

tta acc
Leu Thr

aaa tat
Lys Tyr

atc tat

Ile Tyr
125

agt gaa
Ser Glu
140

att ccc
Ile Pro

ttt cca
Phe Pro

agt aga
Ser Arg

ctt ctg
Leu Leu
205

tat ctc
220
aca cca

Thr Pro

tgt act
Cys Thr

tac cct
Tyr Pro

agt gtt
Ser Val
285

act tgt
Thr Cys
300

gtg cat
Val His

ctg
Leu

aaa
Lys
‘30

ggc
Gly

tet
Ser

aaa
Lys

ttg
Leu

cta
Leu
110

ata
Ile

atc
Ile

tge
Cys

ctt
Leu

aag
Lys
190

acc
Thr

aca
Thr

cge
Arg

gct
Ala

gat
Asp
270

ctt

Leu

cgt
Arg

ata
Ile

cte
Leu
15

gat
Asp

cag
Gln

ttg
Leu

tct
Ser

aac
Asn
95

get
Ala

ttt
Phe

cce
Pro

€gg
Arg

gac
Asp
175

gge
Gly

tgt
Cys

cat
His

cca
Pro

acc
Thr
255

gaa

Glu

act
Thr

gta
Val

tat

Tyr

agc
Ser

cct
Pro

aca
Thr

cect
Pro

gce
Ala
80

aca
Thr

gta
Val

att
Ile

gaa
Glu

gtt
Val
160

act
Thr

tte
Phe

gaa
Glu

cga

gte
Val
240

act
Thr

att
Ile

att
Ile

agg
Arg

gat
Asp
320

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864

960
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49

US 7,374,758 B2

-continued

50

aaa
Lys

cca
Pro

ttc
Phe

gte
Val

tte
Phe
385

ceg
Pro

ace
Thr

gte
Val

gee
Ala

cgg
Arg
465

ggc
Gly

ccg
Pro

tcc
Ser

cag
Glin

cac
His
545

<210>
<211>
<212>
<213>

<400>

gca
Ala

ccg
Pro

cce
Pro

aca

370

aac
Asn

cg9
Arg

gte
val

tece
Ser

aaa
Lys
450

gat
Asp

ttc
Phe

gag
Glu

ttc
Phe

999
Gly
530

tac

Tyr

gg¢
Gly

tge
cyo

cca
Pro
355

tgc
Cys

tgg
Trp

gag
Glu

ctg
Leu

aac
Asn
435

999
Gly

gag
Glu

tat

Tyr

aac
Asn

ttc
Phe
515

aac

Asn

acg
Thr

ceg
Pro

Pro
340

Lys

gtg
Val

tac

Tyr

gag
Glu

His
420

aaa
Lys

cag
Gln

ctyg
Leu

ccc
Pro

aac
Asn
500

ctc
Leu

gtc
val

cag
Gln

gg¢
Gly
325

gca
Ala

cce
Pro

gtg
Val

gtg
Val

cag
Gln
405

cag

Gln

gce
Ala

cece
Pro

acc
Thr

age
Ser
485

tac

tac

Tyr

tte
Phe

aag
Lys

SEQ ID NO 4
LENGTH:
TYPE: PRT
ORGANISM: Homo sapiens

657

SEQUENCE: 4

gag
Glu

cct
Pro

aag
Lys

gtg
Val

gac
Asp
390

tac

Tyr

gac
Asp

ctc
Leu

cga
Arg

aag
Lys
470

gac
Asp

aag
Lys

age
Ser

tca
Ser

age
Ser
550

cce
Pro

gaa
Glu

gac
Asp

gac
Asp
375

ggc
Gly

aac
Asn

tgg
Trp

cca
Pro

gaa
Glu
4585
aac
Asn

atc
Ile

acc
Thr

aag
Lys
tge
535

cte
Leu

aaa
Lys

cte
Leu

acc
Thr
360

gtg
Val

gtg
Val

age
Ser

ctg
Leu

gce
Ala
440

cca
Pro

cag
Gln

gce
Ala

acg
Thr

ctc
Leu
520

tce

Ser

tee
Ser

Met Val Ser Tyr Trp Asp Thr Gly

1

5

Cys Leu Leu Leu Thr Gly Ser Ser

20

Glu Leu Ser Leu Lys Gly Thr Gln

3s

40

Leu His Leu Gln Cys Arg Gly Glu

tet
Sex

ctg
Leu
345

ctec

Leu

age
Ser

gag
Glu

acg
Thr

aat
Asn
425
ccc
Pro

cag
Gln

gtc
val

gtg
val

cct
Pro
505
acc
Thr

gtg
val

ctg
Leu

Val
Ser
25

His

Ala

tgt
Cys
330

999
Gly

atg
Met

cac
His

gtg
Val

tac
Tyr
410
ggc
Gly

ate
Ile

gtg
Val

age
Ser

gag
Glu
490
cce
Pro

gtg
Val

atg
Met

tet
Ser

Leu
10
Gly

Ile

Ala

gac
Asp

g9a
Gly

atc
Ile

gaa
Glu

cat
Hie
395
cgt
Arg

aag
Lys

g9ag
Glu

tac

Tyxr

ctg
Leu
475

tgg
Trp

gtg
val

gac
Asp

cat
His

ceg
Pro
588

Leu

Ser

Met

His

aaa act
Lys Thr

ccg teca
Pro Ser

tcc cgg
Ser Arg
365

gac cet
Asp Pro
380

aat gcc
Asn Ala

gtg gte
Val Val

gag tac
Glu Tyr

aaa acc
Lys Thr
445

acc ctg
Thr Leu
460

acc tge

Thr Cys

gag agce
Glu ser

ctg gac
Leu Asp

aag agc
Lys Ser

525
gag get
Glu Ala
540

agt aaa
Gly Lys

Cys Ala

Lys Leu

Gln Ala
45

Lys Trp

cac
His

gte
val
350

acc
Thr

9ag
Glu

aag
Lys

age
Ser

aag
Lys
430
atc
Ile

cee
Pro

ctg
Leu

aat
Asn

tece
Ser
510

agg
Arg

ctg
Leu

tga

Leu
Lys
30

Gly

Ser

aca
335

tte
Phe

Pro

gte
val

aca
Thr

gtc
Val
415
tgc
Cys

tce
sSer

cca
Pro

gtec
val

899
Gly
495
gac
Asp

tgg
Trp

cac
His

Leu
15
Asp

Gln

Leu

tgc
cys

cte
Leu

gag
Glu

aag
Lys

aag
Lys
400

ctc

Leu

aag
Lys

aaa
Lys

tce
Ser

aaa
Lys

480

cag
Gln

gge
Gly

cag
Gln

aac
Asn

Ser

Pro

Thr

Pro

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1674

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881
Page 133

Joining Petitioner: Apotex



51

US 7,374,758 B2

-continued

52

Glu
65

Pro

Ile
145

Thr

Ile

Ala

Gln

225

Lys

Asp
Asp
Ser

305

Lys

Phe

385

Thr

Val

Ala

Arg
465

50

Met

Gly

Gln

Thr

Asp

130

Ile

Ser

Ile

Ile

Thr

210

Thr

Leu

Leu

Gln

Lys

290

Gly

Ala

Pro

Pro

Thr

370

Asn

Arg

vVal

Ser

Lys

450

Asp

val

Arg

Ala

Ser

115

Thr

Hie

Pro

Pro

Ser

195

Val

Asn

Leu

Asn

Ser

275

Met

Pro

Gly

cys

Pro
355

cys

Trp

Glu

Leu

Asn

435

Gly

Glu

Ser

Asn

Asn

100

Lys

Gly

Met

Asn

Asp

180

Asn

Asn

Thr

Arg

Thr

260

Asn

Gln

Ser

Pro

Pro

340

Lys

val

Tyr

Glu

His

420

Lys

Gln

Leu

Lys

Arg

Thx

Ile

165

Gly

Ala

Gly

Ile

Gly

245

Ser

Asn

Phe

Gly

325

Pro

Val

Val

Gln

405

Gln

Ala

Pro

Thr

Glu

70

Lys

Thr

Lys

Pro

Glu

150

Thr

Lys

Thr

Hise

Ile

230

His

Val

His

Lys

Lys

310

Glu

Pro

val

Asp

390

Tyr

Asp

Leu

Arg

Lys
470

S5

Ser

Gln

Gly

Glu

Phe

138

Gly

Val

Arg

TYr

Leu

215

Asp

Thxy

Gln

Ala

Asp

295

Ser

Pro

Glu

Asp

Asp

375

Gly

Asn

Trp

Pro

Glu

455

Asn

Glu

‘Phe

Phe

Thr

120

Val

Arg

Thr

Ile

Lys

200

Tyr

val

Leu

Met

Asn

280

Lys

val

Lys

Leu

Thr

360

val

val

Ser

Leu

Ala

440

Pro

Gln

Arg

Tyr

105

Glu

Glu

Glu

Leu

Ile

185

Glu

Lys

Gln

Val

Thr

265

Ile

Gly

Asn

Ser

Leu

345

Leu

Ser

Glu

Thr

Aen

425

Pro

Gln

Val

Leu

Ser

90

Ser

Ser

Met

Leu

Lys

170

Trp

Ile

Thr

Ile

Leu

250

Trp

Phe

Leu

Thr

Cys
330
Gly
Met

Hise

val

Tyr

410

Gly

Ile

Val

Ser

Ser
75

Thr

Ala

Tyr

Val

155

Lys

Asp

Gly

Asn

Ser

235

Asn

Ser

Tyr

Tyr

Ser

315

Gly

Ile

Glu

His

395

Arg

Lys

Glu

Tyr

Leu
475

60

Ile Thr

Leu Thr

Lys Tyr

Ile Tyr

125

Ser Glu
140

Ile Pro

Phe Pro

Ser Arg

Leu Leu
205

Tyr Leu
220

Thr Pro

Cys Thr

Tyr Pro

Ser Vval

285

Thr Cys
300

Val His

Lys Thr

Pro Ser

Ser Arg
365

Asp Pro
380

Asn Ala

Val val

Glu Tyr

Lys Thr
445

Thr Leu
460

Thr Cys

Lys

Leu

Leu

110

Ile

Ile

cys

Leu

Lys

190

Thr

Thr

Arg

Ala

Asp

270

Leu

Arg

Ile

His

Val

350

Thr

Glu

Lys

Ser

Lys

430

Ile

Pro

Leu

Ser

Asn

95

Ala

Phe

Pro

Arg

Rsp

175

Gly

cys

His

Pro

Thr

255

Glu

Thr

Val

Tyr

Thr

338

Phe

Pro

val

Thr

val

415

Cyo

Ser

Pro

Val

Ala

80

Thr

Val

Ile

Glu

Val

160

Thr

Phe

Glu

Arg

val

240

Thr

Ile

Ile

Arg

Asp

320

cys

Leu

Glu

Lys

Lys

400

Leu

Lys

Lys

Ser

Lys
480

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881
Page 134

Joining Petitioner: Apotex



53

US 7,374,758 B2

-continued

54

Gly Phe

Tyr

Pro Ser Asp Ile Ala
485

Pro Glu Asn Asn Tyr Lys Thr Thr

Ser Phe

Phe
515

Gln Gly Asn

30

His Tyr
545

Thr

500

Leu Tyr Ser Lys Leu
520

Val Phe Ser Cys Ser
535

Gln Lys Ser Leu Ser
550

<210> SEQ ID NO 5

<211> LENGTH: 1359

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)...(1356)

<400> SEQUENCE: 5

atg gtc
Met Val
1

tgt ctg
Cys Leu

atg tac
Met Tyr

cte gte
Leu Val
50

aaa aag
Lys Lys
65

tgg gac
Trp Asp

ata ggg
Ile Gly

aca aac
Thr Asn

ata agc
Ile ser
130

ctc aat
Leu Asn
145

tgg agt
Trp Ser

ttc tac
Phe Tyr

ctt tat
Leu Tyr

age
Ser

ctet
Leu

agt
Sex
35

att
Ile

ttt
Phe

agt
Ser

ctt
Leu

tat
Tyr
115

aca
Thr

tgt
Cys

tac
Tyr

agt
Ser

act
Thr
195

tac tgg gac acc ggg
Tyr Trp Asp Thr Gly

ctc aca gga tct agt
Leu Thr Gly Ser Ser
20

gaa atc ccc gaa att
Glu Ile Pro Glu Ile
40

cce tge cgg gtt acg
Pro Cys Arg Val Thr
55

cca ctt gac act ttg
Pro Leu Asp Thr Leu
70

aga aag ggc ttc atc
Arg Lys Gly Phe Ile
85

ctg acc tgt gaa gca
Leu Thr Cys Glu Ala
100

ctc aca cat cga caa
Leu Thr His Arg Gln
120

cca cgc cca gtc aaa
Pro Arg Pro Val Lys
135

act gct acc act ccc
Thr Ala Thr Thr Pro
150

cct gat gaa att gac
Pro Asp Glu Ile Asp
165

gtt ctt act att gac
Val Leu Thr Ile Asp
180

tgt cgt gta agg agt
Cys Arg Val Arg Ser
200

Val
Pro
505

Thr

Val

Leu

gte
Val

tce
Ser
25

ata
Ile

tca
Ser

atc
Ile

ata
Ile

aca
Thr
105

acc
Thr

tta
Leu

ttg
Leu

caa
Gln

aaa
Lys
185

gga
Gly

Glu
490

Pro

Val

Met

Ser

ctg
Leu
10

gga
Gly

cac
His

cct
Pro

cct
Pro

tca
Ser
90

gte
val

aat
Asn

cte
Leu

aac
Asn

agc
Ser
170

atg
Met

cca

Trp Glu Ser Asn Gly

Val Leu

Asp Lys

His Glu
540

Pro Gly
555

ctg tgce
Leu Cys

ggt aga
Gly Arg

atg act
Met Thr

aac atc
Asn Ile

gat gga
Agp Gly
75

aat gca
Asn Ala

aat ggg
Asn Gly

aca atc
Thr Ile

aga gge
Arg Gly
140

acg aga
Thr Arg
155

aat tcc

Asn Ser

cag aac
Gln Asn

tca tte
Ser Phe

Asp

Ser
525

Ala

Lys

gcg
Ala

cct
Pro

gaa
Glu
45

act
Thr

aaa
Lys

acg
Thr

cat
His

ata
Ile
125

cat
Hie

gtt
val

cat
Hig

aaa
Lys

aaa
Lys
205

ser
510

Arg

Leu

ctg
Leu

ttc
Phe
30

g9a
Gly

gtt
Val

cge
Arg

tac
Tyr

ttg
Leu
110

gat
Asp

act
Thr

caa
Gln

gce
Ala

gac
Asp
190

tct
Ser

495

Asp

Trp

His

cte
Leu
15

gta
val

agg
Arg

act
Thr

ata
Ile

aaa
Lys
95

tat
Tyr

gtc
Val

ctt
Leu

atg
Met

Asn
175

aaa

Lys

gt
Val

Gln

Gly

Gln

Asn

agc
Ser

gag
Glu

9ag
Glu

tta
Leu

atc
Ile
80

gaa
Glu

aag
Lys

caa
Gln

gte
Val

acc
Thr
160

ata
Ile

gga
Gly

aac
Asn

48

96

192

240

288

336

384

432

480

528

576

624
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55

US 7,374,758 B2

-cont inued

56

acc
Thr
. tgt
225

999
Gly

atg
Met

cac
Hieo

gtg
Val

tac
Tyr
305

ggc
Gly

atc
Ile

gtg
Val

agc
Ser

gag
Glu
385

cece
Pro

gatg
val

atg
Met

tct

tca
Ser
210

gac

gga
Gly

ate
Ile

gaa
Glu

cat
His
290

gt
Arg

aag
Lys

gag
Glu

tac
Tyr

ctg
Leu
370

tgg
Trp

gtg
val

gac
Asp

cat
Hisg

ccg
Pro
450

gtg
Val

aaa
Lys

ccg
Pro

tce
Sex

gac
Asp
278

aat
Asn

gtg
val

gag
Glu

aaa
Lys

acc
Thr
355

acc
Thr

gag
Glu

ctg
Leu

aag
Lys

gag
Glu
435

ggt
Gly

cat
His

act
Thr

tca
Ser

€99
260

cct
Pro

gcc
Ala

gte
val

tac

Tyr

acc
Thr
340

ctg

Leu

tgc
cys

agc
Ser

gac
Asp

agc
Ser
420

get
Ala

aaa

ata
Ile

cac
His

gtc
Val
245

acc
Thr

gag
Glu

aag
Lys

age
Ser

aag
Lys
325

atc
Ile

cee
Pro

ctg
Leu

aat
Asn

tece
Ser
405

agg
Arg

ctg
Leu

<210> SEQ ID NO 6

<211>
<212>
<213>

<400>

SEQUENCE :

LENGTH: 452
TYPE: PRT
ORGANISM: Homo sapiens

6

tat

Tyr

aca
Thr
230

tte
Phe

cect
Pro

gtec
Val

aca
Thr

gte
Val
310

tge
Cys

tce
Ser

cca
Pro

gte
Val

999
Gly
390

gac

Asp

tgg
Trp

cac
His

gat
Asp
215

tge
cys

cte
Leu

gag
Glu

aag
Lys

aag
Lys
295

cte
Leu

aag
Lys

aaa
Lys

tece
Ser

aaa
Lys
378

cag

Gln

gge
Gly

cag
Gln

aac
Asn

aaa
Lys

Pro

tte
Phe

gtc
Val

ttc
Phe
280

ccg
Pro

ace
Thr

gte
Val

gcc
Ala

c€gg
Arg
360

gg¢
Gly

ccg
Pro

tce
Ser

cag
Gln

cac
Hio
440

Met Val Ser Tyr Trp Asp Thr Gly

1

5

Cys Leu Leu Leu Thr Gly Ser Ser

20

Met Tyr Ser Glu Ile Pro Glu Ile

gca
Ala

ceg
Pro

cce
Pro

aca
Thr
265

aac
Asn

cg9g
Arg

gte
Val

tce
Ser

aaa
Lys
345

gat
Asp

tte
Phe

gag
Glu

ttc
Phe

999
Gly
425

tac

Tyx

Val

9g¢
Gly

tge
cys

cca
Pxo
250

tge
cys

tgg
Trp

gag
Glu

ctg
Leu

aac
Asn
330

999
Gly

gag
Glu

tat
TYY

aac
Asn

tte
Phe
410

aac

Asn

acg
Thr

€cg ggc

gag

ccec aaa

Pro Gly Glu Pro Lys

220

cca gca
Pro Ala
235

aaa ccc
Lys Pro

gtg gtg
Val val

tac gtg
Tyr Val

gag cag
Glu Gln
300

cac cag
His Gln
315

aaa gcc
Lys Ala

cag ccc
Gln Pro

ctg acc
Leu Thr

ccc age
Pro Ser
380

aac tac
Asn Tyr
395

ctc tac

Leu Tyr

gte tte
Val Phe

cag aag
Gln Lys

cct
Pro

aag
Lys

gtg
Val

gac
Asp
285

tac

Tyr

gac
Asp

cte
Leu

cga
Arg

aag
Lys
365

gac
Asp

aag
Lys

agc
Ser

tca
Ser

age
Ser
445

Leu Leu Cys Ala

10

Ser Gly Gly Arg Pro

25

gaa ctc
Glu Leu

gac acc
Asp Thr
255

gac gtg

Asp Val
270

gg9¢c gtg
Gly val

aac agc
Asn Ser

tgg ctyg
Trp Leu

cca gee
Pro Ala
338

gaa cca
Glu Pro
350

aac cag
Asn Gln

atc gcc
Ile Ala

acc acg
Thr Thr

aag ctc
Lys Leu
415

tgc tee
Cys Ser
430

cte tee
Leu Ser

Leu Leu
15

Phe Val
30

tet
Ser

ctg
Leu
240

cte

Leu

agc
Ser

gag
Glu

acg
Thr

aat
Asn
320

cce

Pro

cag
Gln

gte
Val

gtg
val

cet
Pro
400
acc
Thr

gtg
val

ctg
Leu

Ser

Glu

Ile His Met Thr Glu Gly Arg Glu

672

720

768

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1359
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US 7,374,758 B2

-continued

S8

Lys
65

Trp
Ile
Thr

Ile

Leu
145

Trp

Phe

Le\:\

Thr

Cys
225

Gly

val

Tyr
30S
Gly

Ile

val

Glu
385

Pro

Val

Val

50

Lys

Asp

Gly

Asn

Ser

130

Asn

Sexr

Tyr

Tyr

Ser

210

Asp

Gly

Ile

Glu

His

290

Arg

Lys

Glu

Tyr

Leu

370

Val

Asp

His

Pro
450

35

Ile

Phe

Ser

Leu

Tyr

115

Thr

Cys

Tyr

Ser

Thr

195

Val

Lys

Pro

Ser

Asp

275

Asn

Val

Glu

Lys

Thr

355

Thr

Glu

Leu

Lys

Glu

435

Gly

Pro

Pro

Arg

Leu

100

Leu

Pro

Thr

Pro

Val

iso

cys

His

Thr

Ser

Arg

260

Pro

Ala

val

Tyr

Thr

340

Leu

Cys

Ser

Asp

Ser

420

Ala

Lys

cys

Leu

Lys

85

Thr

Thr

Arg

Ala

Agp

165

Leu

Arg

Ile

His

Val

245

Thr

Glu

Lys

Ser

Lys

328

Ile

Pro

Leu

Asn

Ser

405

Arg

Leu

Arg

Asp

70

Gly

cys

His

Pro

Thr

150

Glu

Thr

Val

Tyr

Thr

230

Phe

Pro

Val

Thr

Val

310

Cys

Ser

Pro

Val

Gly

390

Asp

Trp

His

Val

55

Thr

Phe

Glu

Arg

Val

135

Thr

Ile

Ile

Arg

Asp

215

Cys

Leu

Glu

Lys

Lys

295

Leu

Lys

Lys

Ser

Lys

37s

Gln

Gly

Gln

Asn

40

Thr

Leu

Ile

Ala

Gln

120

Lys

Pro

Asp

Serxr

200

Lys

Pre

Phe

Val

Phe

280

Pro

Thr

Val

Ala

Arg

360

Gly

Pro

Ser

Gln

Hie
440

Ser

Ile

Ile

Pro

Pro

Ser

. 90

Thr
105
Thr
Leu
Leu
Gln
Lys
185
Gly
Ala
Pro
Pro
Thr
265
Asn
arg
val
Ser
Lys
345
Asp
Phe
Glu
Phe
Gly

425

Tyr

val

Asn

Leu

Asn

Ser

170

Met

Pro

Gly

Pro
250

Cys

Trp

Glu

Leu

Asn

330

Gly

Glu

Tyr

Asn

Phe

410

Asn

Thr

Asn

Asp

75

Asn

Asn

Thr

Arg

Thr

155

Asn

Gln

Ser

Pro

Pro

235

Lys

Val

Tyr

Glu

Hie

318

Lys

Gln

Leu

Pro

Asn

395

Leu

Val

Gln

Ile

60

Gly

Ala

Gly

Ile

Gly

140

Arg

Ser

Asn

Phe

Gly

220

Ala

Pro

Val

Val

Gln

300

Gln

Ala

Pro

Thr

Ser
380

Tyr

Tyr

Phe

Lys

45

Thr
Lys
Thr
His
Ile
125
His
Val
His
Lys
Lys
205
Glu
Pro
Lys
Val
Asp
285
Tyr
Asp
Leu
Arg
Lys
365
Asp
Lys
Ser

Ser

Sexr
445

Val

Axg

Leu

110

Asp

Thr

Gln

Ala

Asp

190

Ser

Pro

Glu

Asp

Asp

270

Gly

Asn

Trp

Pro

Glu

350

Asn

Ile

Thr

Lyso

cys

430

Leu

Thr

Ile

Lys

95

Tyr

val

Leu

Met

Asn

175

Lys

Val

Lys

Leu

Thr

255

Val

Val

Ser

Leu

Ala

335

Pro

Gln

Ala

Thr

Leu

415

Ser

Ser

Leu

Ile

80

Glu

Lys

Gln

Val

Thr

160

Ile

Gly

Asn

Ser

Leu

240

Leu

Ser

Glu

Thr

Asn

320

Pro

Gln

Val

val

Pro

400

Thr

Val

Leu
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US 7,374,758 B2

-continued

60

<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400>

atg gtc age
Met Val Ser

1

tgt
Cys

atg
Met

cte
Leu

aaa
Lys
65

tgg
Trp

ata
Ile

aca
Thr

ata
Ile

ctc
Leu
145

tgg
Trp

att
Ile

att
Ile

agg
Arg

gat
Asp
225

tge
Cys

cte
Leu

ctg
Leu

tac

Tyr

gtc
Val
50

aag
Lys

gac
Asp

999
Gly

aac
Asn

agc
Ser
130

aat
Asn

agt
Ser

gac
Asp

gac
Asp

agt
Ser
210

aaa

Lys

cca
Pro

tte
Phe

ctt
Leu

agt
Ser
3s

att
Ile

£ttt
Phe

agt
Ser

cte
Leu

tat
Tyr
115

aca
Thr

tgt
cys

tac

Tyr

caa
Gln

aaa
Lys
195

gga
Gly

gca
Ala

ccg
Pro

cce
Pro

SEQUENCE :

tac

Tyx

ctc
Leu
20

gaa
Glu

cce
Pro

cca
Pro

aga

ctg
Leu
100

ctec
Leu

cca
Pro

act
Thr

cct
Pro

age
Ser
180

atg
Met

cca
Pro

gg¢
Gly

tge
Cys

cca
Pro
260

SEQ ID NO 7
LENGTH:
TYPE: DNA
ORGANISM:
FEATURE:

NAME /KEY :
LOCATION:

1389

Homo sapiens

CcDs

(1) ...(1386)

aca
Thr

atc
Ile

tgc
cys

ctt
Leu

aag
Lys
85

ace
Thr

aca
Thr

cge
Arg

gct
Ala

gat
Asp
165

aat
Aon

cag
Gln

tca
Ser

ceg
Pro

cca
Pro
245

aaa
Lys

gac
Asp

gga
Gly

cce
Pro

€99
Arg

gac
Asp
70

gg9c
Gly

tgt
Cys

cat
His

cca
Pro

acc
Thr
150

gaa
Glu

tee
Ser

aac
Aen

tte
Phe

ggc
Gly
230

gca
Ala

cee
Pro

acc
Thr

tct
Ser

gaa
Glu

gtt
val
55

act
Thr

ttc
Phe

gaa
Glu

cga
Arg

gte
Val
135

act
Thr

aaa
Lys

cat
Hio

aaa
Lys

aaa
Lys
215

gag
Glu

cct
Pro

aag
Lys

999
Gly

agt
Ser

att
Ile

acg
Thr

ttg
Leu

atc
Ile

gca
Ala

caa
Gln
120

aaa

Lys

ccc
Pro

aat
Asn

gee
Ala

gac
Asp
200

tet

cce
Pro

gaa
Glu

gac
Asp

gtc
val

tee
Ser
25

ata
Ile

tca
Ser

atc
Ile

ata
Ile

aca
Thr
105

ace
Thr

tta
Leu

ttg
Leu

aag
Lys

aac
Asn
185

aaa
Lys

gtt
Val

aaa
Lye

ctc
Leu

acc
Thr
265

ctg
Leu
10

gga
Gly

cac
His

Pro

cct
Pro

tca
Ser
90

gtc
val

Asn

ctt
Leu

aac
Asn
aga
170

ata
Ile

gga
Gly

aac
Asn

tct
Ser

ctg
Leu
250

cte
Leu

cty
Leu

ggt
Gly

atg
Met

aac
Asn

gat
Asp
75

aat
Asn

aat
Asn

aca
Thr

aga
Arg

acg
Thr
155

get
Ala

tte
Phe

ctt
Leu

acc
Thr

tgt
cys
235

999
Gly

atg
Met

tge
Cys

aga
Arg

act
Thr

atc
Ile

60
gga
Gly

gca
Ala

999
Gly

atc
Ile

gg¢
Gly
140

aga
Arg

tec
Ser

tac

Tyr

tat
Tyx

tca
Ser
220

gac

Asp

gga
Gly

atc
Ile

g¢g
Ala

cct
Pro

gaa
Glu

act
Thr

aaa
Lys

acg
Thr

cat
His

ata
Ile
125

cat
His

gtt
val

gta
val

agt
Ser

act
Thr
205

gtg
val

aaa
Lys

ccg
Pro

tece
Ser

ctg
Leu

tte
Phe
30

g9a
Gly

gtt
Vval

cge

tac

Tyr

ttg
Leu
110

gat
Asp

act
Thr

caa
Gln

agg
arg

gtt
Vval
190
tgt
Cys

cat
His

act
Thr

tca
Ser

g9

270

cte
Leu
15

gta
Val

agg
Arg

act
Thr

ata
Ile

aaa
Lys

95
tat
Tyr

gtc
val

ctet
Leu

atg
Met
cga
175
ctt

Leu

cgt

ata
Ile

cac
Hig

gte
Val
255

acc
Thr

agce
Ser

gag
Glu

gag
Glu

tta
Leu

ate
Ile
80

gaa
Glu

aag
Lys

caa
Gln

gtc
Val

acc
Thr
160

cga
Arg

act
Thr

gta
Val

tat
Tyr

aca
Thr
240

tre
Phe

cct
Pro

48

96

144

240

288

336

384

432

480

528

576

624

672

768

816
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61

US 7,374,758 B2

-continued

62

gag
Glu

aag
Lys

aag
Lys
305

ctc

aag
Lys

aaa
Lys

tece
Ser

Lys
385

cag
Gln

gg9¢
Gly

cag
Gln

aac
Asn

tga

<210>
<211>
<212>
<213>

<400>

gtc
Val

ttc
Phe
290

ccg

Pro

ace
Thr

gte
Val

gcc
Ala

cgg9
370
gge

Gly

ccg
Pro

tee
Ser

cag
Gln

cac
His
450

aca
Thr
275

aac
Ron

©gg
Arg

gtc
val

tee
Ser

aaa
Lys
355

gat
Asp

tte
Phe

g9ag
Glu

ttc
Phe

999
Gly
435

tac

Tyr

tgc
cys

tgg
Trp

gag
Glu

ctg
Leu

aac
Asn
340

999
Gly

gag
Glu

tat
Tyr

aac
Asn

ttc
Phe
420

aac

Asn

acg
Thr

Met Val Ser Tyr

1

cys

Lys
65

Trp

Ile

Leu

Tyr

Val

50

Lys

Asp

Gly

Leu

Ser

35

Ile

Phe

Ser

Leu

Leu

20

Glu

Pro

Pro

Arg

Leu
100

gtg
Val

tac

Tyr

gag
Glu

cac
His
325

aaa

cag
Gln

ctg
Leu

Pro

aac
Asn
405

cte

Leu

gtc
Val

cag
Gln

SEQ ID NO 8
LENGTH: 462
TYPE: PRT
ORGANISM: Homo sapiens

SEQUENCE: 8

Trp

5

Thr

Ile

cys

Leu

Lys

85

Thr

gtg
val

gtg
Val

cag
Gln
310
cag
Gln

gce
Ala

ccc
Pro

acec
Thr

age
Ser
390
tac

Tyr

tac

Tyr

tte
Phe

aag
Lys

Gly

Pro

Asp
70

Gly

Cys

gtg
val

gac
Asp
295
tac

Tyr

gac
Asp

ctec
Leu

cga
Arg

aag
Lys
375

gac

Asp

aag
Lys

agc
Ser

tca
Ser

age
Ser
455

Thr

Ser

Glu

val

55

Thr

Phe

Glu

gac
Asp
280
ggc
Gly

aac
Asn

tgg
Trp

cca
Pro

gaa
Glu
360
aac
Asn

atc
Ile

acc
Thr

aag
Lys

tgc
cys
440

cte
Leu

Gly

Ser

Ile

40

Thr

Leu

Ile

Ala

gtg
val

gtg
Val

agc
Ser

ctyg
Leu

gcc
Ala
345
cca
Pro

cag
Gln

gce
Ala

acg
Thr

ctc
Leu
425

tce

Ser

tece
Ser

val

Ser

25

Ile

Ser

Ile

Ile

Thr
105

agc
Ser

gag
Glu

acg
Thx

aat
Asn
330
cecec
Pro

cag
Gln

gtc
val

gtg
Val

cect
Pro
410
acc
Thxr

gtg
val

ctg
Leu

Leu
10

Gly
His
Pro
Pro
Ser

90

val

cac
His

gtg
Val

.tac

Tyr
315

ggc
Gly

atc
Ile

gtg
Val

age
Ser

gag
Glu
395

cce

Pro

gtg
Val

atg
Met

tet
Ser

Leu

Gly

Met

Asn

Asp

Asn

Asn

gaa
Glu

cat
Hig
300
cgt
Arg

aag
Lys

gag
Glu

tac

Tyr

ctg
Leu
380

tgg
Trp

atg
val

gac
Asp

cat
His

ceg
Pro
460

Cys

Arg

Thr

Ile

60

Gly

Ala

Gly

gac
Asp
285
aat
Asn

gtg
val

gag
Glu

aaa
Lys

ace
Thr
365

ace
Thr

gag
Glu

ctg
Leu

aag
Lys

gag
Glu
445

ggt
Gly

Ala

Pro

Glu

45

Lys

Thr

His

cect
Pro

gce
Ala

gtc
val

Tyr

acc
Thr
350
ctg
Leu

tgc
Cys

age
Ser

gac
Asp

agc
Ser
430

gct
Ala

aaa
Lys

Leu

Phe

30

Gly

Val

Arg

Tyr

Leu
110

gag
Glu

aag
Lys

agc
Ser

aag
Lys
335
atc
Ile

ccc
Pro

ctg
Leu

Asn

tee
Ser
415
agg
Arg

ctg
Leu

Leu
15

val
Arg
Thr
Ile
Lys
95

Tyr

gtc
val

aca
Thr

gtc
Val
320
tgc
cys

tce
Ser

cca
Pro

gtc
val

999
Gly
400

gac

Asp

tgg
Trp

cac
His

Serxr

Glu

Glu

Leu

Ile

80

Glu

Lys

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1386

1389
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63

US 7,374,758 B2

-continued

64

Thr

Ile

Leu

145

Trp

Ile

Ile

Arg

Asp

225

Leu

Glu

Lys

Lys

305

Leu

Lys

Lys

Ser

Lys

385

Gln

Gly

Gln

<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400>

Asn

Ser

130

Asn

Ser

Asp

Asp

Ser

210

Lys

Pro

Phe

val

Phe

290

Pro

Thr

val

Ala

Arg

370

Gly

Pro

Ser

Gln

His
450

Tyr
115
Thr
cys
Tyr
Gln
Lys
195
Gly
Ala
Pro
Pro
Thr
275

Asn

Arg

Ser
Lye
355
Asp
Phe
Glu
Phe
Gly
435

Tyr

Leu Thr His
Pro Arg Pro
Thr Ala Thr

150

Pro Asp Glu
165

Ser Asn Ser
180

Met Gln Asn
Pro Ser Phe
Gly Pro Gly

230

Cys Pro Ala
245

Pro Lys Pro
260

Cys Val Val

Txp Tyr Val

Glu Glu Gln
310

Leu His Gln
325

Asn Lys Ala
340

Gly Gln Pro
Glu Leu Thr
Tyr Pro Ser

390

Asn Asn Tyr
405

Phe Leu Tyr
420

Asn Val Phe

Thr Gln Lys

SEQ ID NO 9
LENGTH: 1704
TYPE: DNA
ORGANISM:
FEATURE:

NAME/KEY: CDS
LOCATION:

SEQUENCE: 9

Arg

Val

135

Thr

Lys

His

Lys

Lys

215

Pro

Lys

val

Asp

295

Tyxr

Asp

Leu

Arg

Lys

375

Asp

Lys

Ser

Ser

Ser
455

Homo sapiens

(1) ...(1701)

Gln

120

Lys

Pro

Asn

Ala

Asp

200

Ser

Pro

Glu

Asp

Asp

280

Gly

Asn

Trp

Pro

Glu

360

Asn

Ile

Thr

Lys

cys

440

Leu

Thr

Leu

Leu

Lys

Asn

185

Lys

val

Lys

Leu

Thr

265

Vval

val

Ser

Leu

Ala

345

Pro

Gln

Ala

Thr

Leu

425

Ser

Ser

Asn
Leu
Asn
Arg
170
Ile
Gly
Asn
Ser
Leu
250
Leu
Ser
Glu
Thr
Asn
330
Gln
Val
Val
Pro
410
Thr

Val

Leu

Thr

Arg

Thr

155

Ala

Phe

Leu

Thr

Cys

235

Gly

Met

His

Val

Tyr

315

Gly

Ile

Val

Ser

Glu

395

Pro

Vval

Met

Ser

Ile
Gly
140
Arg

Ser

Tyr

Ser
220

Asp

Gly

Ile

Glu

His

300

Arg

Lys

Glu

Leu
380

Trp

val

Asp

His

Pro
460

Ile Asp
125

His Thr

Val Gln

Val Arg

Ser val

190

Thx Cys
205

Val His

Lys Thr

Pro Ser

Ser Arg
270

Rsp Pro
285

Asn Ala

Val val

Glu Tyr

Lys Thr

350

Thr Leu
365

Thr Cys

Glu Ser

Leu Asp

Lys Ser
430

Glu Ala
445

Gly Lys

Val

Leu

Met

Arg

175

Leu

Arg

Ile

His

val

255

Thr

Glu

Lys

Ser

Lys

338

Ile

Pro

Leu

Asn

Sexr

415

Arg

Leu

Gln
Val
Thr
160
Thr
val
Tyr
Thr
240
Phe
Pro
val
Thr

Val
320

Cys
Ser
Pro
val
Gly
400
Asp

Trp

His

atg gtc agc tac tgg gac acc ggg gtc ctg ctg tgc geg ctg ctc age
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65

US 7,374,758 B2

-continued

66

tgt
Cys

gaa
Glu

ctg
Leu

gaa
Glu
65

tgt
Cys

get
Ala

cct
Pro

agt
Ser

att
Ile
145

acg
Thr

ttg
Leu

atc
Ile

geca
Ala

caa
Gln
225

aaa

Lys

cce
Pro

aat

gec
Ala

gac
Asp
305

val

ctg
Leu

ctg
Leu

cat
His
s0

atg
Met

gga
Gly

caa
Gln

act
Thr

gat
Asp
130

ata
Ile

tca
Ser

atc
Ile

ata
Ile

aca
Thr
210

ace
Thr

tta
Leu

ttg
Leu

aag
Lys

aac
Asn
290

aaa
Lys

Ser

ctt
Leu

agt
Ser

35
cte
Leu

gty
val

aga
Arg

gca
Ala

tca
Ser
11

aca
Thr

cac
His

cet
Pro

cct
Pro

teca
Ser
195

gte
val

aat
Asn

ctt
Leu

aac
Asn

aac
Asn
275

ata
Ile.

gga
Gly

Tyr

ctc
Leu
20

tta
Leu

caa
Gln

agt
Ser

aat
Asn

aac
Asn
100

aag
Lys

ggt
Gly

atg
Met

aac
Asn

gat
Asp
180

aat
Asn

aat
Asn

aca
Thr

aga
Arg

acg
Thr
260

get
Ala

ttc
Phe

ctt
Leu

Trp
5

aca
Thr

aaa
Lys

tge
Cys

aag
Lys

ggc
Gly
85

cac
His

aag
Lys

aga
Arg

act
Thr

atc
Ile
165

gga
Gly

gca
Ala

939
Gly

atc
Ile

ggc
Gly
245

aga
Arg

tat

Tyr

Asp

gga
Gly

gg¢
Gly

agg
Arg

gaa
Glu
70

aaa
Lys

act
Thr

aag
Lys

cet
Pro

gaa
Glu
150

act
Thr

aaa
Lys

acg
Thr

cat
His

ata
Ile
230

cat
His

gtt
val

gta
val

agt
Ser

act
Thr
310

Thr

tct
Ser

acc
Thr

999
Gly
55

age
Ser

caa
Gln

gge
Gly

gaa
Glu

ttc
Phe
135

gga
Gly

gtt
Val

cge
Arg

tac

ttg
Leu
215

gat
Asp

act
Thr

caa
Gln

agg
Arg

gtt
Val
295

tgt
cys

Gly

agt
Ser

cag
Gln
40

gaa
Glu

gaa
Glu

tte
Phe

tte
Phe

aca
Thr
120

gta
Val

agg
Arg

act
Thr

ata
Ile

aaa
Lys
200

tat
Tyr

gtc
Val

ctt
Leu

atg
Met

cga
Arg
280

val

tca
Ser
25

cac
His

gca
Ala

agg
Arg

tge
Cys

tac
Tyr
105

gaa
Glu

gag
Glu

g9ag
Glu

tta
Leu

atc
Ile
185

gaa

Glu

aag
Lys

caa
Gln

gte
vVal

acc
Thr
265

cga

act
Thr

gta
val

Leu
10

ggt
Gly

atc
Ile

gce
Ala

ctg
Leu

agt
Ser
90

age
Ser

tect
Ser

atg
Met

cte
Leu

aaa
Lys
170

tgg
Trp

ata
Ile

aca
Thr

ata
Ile

cte
Leu
250

tgg
Trp

att
Ile

att
Ile

agg
Arg

Leu

teca
Ser

atg
Met

cat
His

agc
Ser
75

act
Thr

tgc
cys

gca
Ala

tac

gtc
val
155

aag
Lye

gac
Asp

999
Gly

aac
Asn

agc
Ser
235

aat
Asn

agt
Ser

gac
Asp

gac
Asp

agt
Ser
315

Cys Ala Leu Leu Ser

r

aaa tta
Lys Leu

caa gca
Gln Ala
45

aaa tgg
Lys Trp
60

ata act
Ile Thr

tta acc
Leu Thr

aaa tat
Lys Tyr

atc tat
Ile Tyr
125

agt gaa
Ser Glu
140

att ccc
Ile Pro

ttt cca
Phe Pro

agt aga
Ser Arg

ctt ctg
Leu Leu
205

tat ctc
Tyr Leu
220

aca cca
Thr Pro

tgt act
Cys Thr

tac cct
Tyr Pro

caa agc
Gln Ser
285

aaa atg
Lys Met
300

gga cca
Gly Pro

aaa
Lys
30

gg¢
Gly

tct
Ser

aaa
Lys

ttg
Leu

cta
Leu
110

ata
Ile

ate
Ile

tge
cys

cte
Leu

aag
Lys
190

acc
Thr

aca
Thy

cge
Arg

gct
Ala

gat
Asp
270

aat

Agn

cag
Gln

tca
Ser

15

gat
Asp

cag
Gln

ttg
Leu

tct
Ser

aac
Asn
95

get
Ala

ttt
Phe

cce
Pro

€99
Axg

gac
Asp
175

ggc
Gly

tgt
cys

cat
His

cca
Pro

ace
Thr
255

gaa

Glu

tce
Ser

aac
Asn

tte
Phe

cet
Pro

aca
Thr

cet
Pro

gee
Ala
80

aca
Thr

gta
Val

att
Ile

gaa
Glu

gtt
Val
160

act
Thr

ttec
Phe

gaa
Glu

cga

gtc
val
240

act
Thr

aaa
Lys

cat
Hie

aaa
Lys

aaa
Lys
320

96

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912

960
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67

US 7,374,758 B2

-continued

68

tet
Ser

cce
Pro

gaa
Glu

gac
Asp
gac
385

gge
Gly

aac
Asn

tgg
Trp

cca
Pro

gaa
Glu
465

Asn

atce
Ile

acc
Thr

aag
Lys
tge
545

ctc
Leu

<210>
<211>
<212>
<213>

<400>

1

gtt
Val

aaa
Lys

cte
Leu

acc
Thr
370

gtg
val

gtg
Val

age
Ser

ctg
Leu

gcc
Ala
450

cca

Pro

cag
Gln

gce
Ala

acg
Thr

Leu
530

tce

Sexr

tce
Ser

aac
Asn

tct
Ser

ctg
Leu
355

cte
Leu

agc
Ser

gag
Glu

acg
Thr

aat
Asn
435

ccc

Pro

cag
Gln

gtc
Val

gtg
Val

Pro
515

acce

Thr

gtg
Val

ctg
Leu

acc
Thr

tgt
cys
340

999
Gly

atg
Met

cac
Hieo

gtg
Val

tac
Tyr
420

ggc
Gly

atc
Ile

gtg
Val

age
Ser

gag
Glu
500

cce

Pro

gtg
Val

atg
Met

tct
Ser

SEQUENCE:

tca
Ser
328

gac
Asp

gga
Gly

ate
Ile

gaa
Glu

cat
His
405

cgt
Arg

aag
Lys

gag
Glu

tac

Tyr

ctyg
Leu
485

tgg
Trp

gtg
Val

gac
Asp

cat
His

cecg
Pro
565

SEQ ID NO 10
LENGTH :
TYPE: PRT
ORGANISM: Homeo sapieng

567

10

gtg
Val

aaa
Lys

cecg
Pro

tee
Ser

gac
Asp
390

aat
Asn

gtg
Val

gag
Glu

aaa
Lys

ace
Thr
470

gag
Glu

ctg
Leu

aag
Lys

gag
Glu
550

age
Gly

cat
His

act
Thr

teca
Ser

cgg
Arg
375

cet
Pro

gee
Ala

gtc
Val

tac

acc
Thr
455

ctg
Leu

tgc
cys

agce
Ser

gac
Asp

age
Ser
535

gct
Ala

aaa
Lys

ata
Ile

cac
His

gte
Val
360

acc
Thr

gag
Glu

aag
Lys

age
Ser

aag
Lys
440

atc

Ile

cce
Pro

ctg
Leu

aat
Asn

tce
Ser
520

agg
Arg

ctg
Leu

tga

Met Val Ser Tyr Trp Asp Thr Gly
5

Cys Leu Leu Leu Thr Gly Ser Ser

20

tat
Tyxr

aca
Thr
345

ttc
Phe

cct
Pro

gte
Val

aca
Thr

gte
Val
425

tgc
cys

tce
Ser

cca
Pro

gtc
val

999
Gly
505

gac
Asp

tgg
Trp

cac
Hie

Val

Ser
25

Glu Leu Ser Leu Lys Gly Thr Gln His

gat
Asp
330

tgc
cys

cte
Leu

gag
Glu

aag
Lye

aag
Lys
410

cte
Leu

aag
Lys

aaa
Lys

tce
Ser

aaa
Lys
490

cag

Gln

ggc
Gly

cag
Gln

aac
Aon

aaa
Lys

cca
Pro

tte
Phe

gtc
val

ttc
Phe
395

ceg
Pro

ace
Thr

gtc
Vval

gcc
Ala

cgg
Arg
475

gg9¢
Gly

ccg
Pro

tcec
Ser

cag
Gln

cac
His
555

gca
Ala

ccg
Pro

cece
Pro

aca
Thr
380

aac
Asn

cgg
Arg

gtc
Val

tce
Ser

aaa
Lys
460

gat
Asp

tte
Phe

gag
Glu

tte
Phe

999
Gly
540

tac

Tyr

gg¢
Gly

tge
Cys

cca
Pro
365

tge
cys

tgg
Trp

gag
Glu

ctg
Leu

aac
Asn
445

999
Gly

gag
Glu

tat
Tyr

aac
Asn

ttc
Phe
525

aac

Asn

acg
Thr

Leu Leu Cys Ala

10

Gly Ser Lys Leu

Ile Met Gin Ala

cecg
Pro

Pro
350

aaa
Lys

gtg
val

tac
Tyr

gag
Glu

cac
His
430
aaa

Lys

cag
Gln

ctg
Leu

cce
Pro

aac
Asn
510

ctc
Leu

gte
val

cag
Gln

Leu

gg¢
Gly
335

gca
Ala

cece
Pro

gatg
val

gtg
val

cag
Gln
415

cag
Gln

gce
Ala

ccce
Pro

acce
Thr

agce
Ser
495

tac

Tyr

tac

Tyr

ttc
Phe

aag
Lys

Leu
15

gag
Glu

cct
Pro

aag
Lys

gtg
Val

gac
Asp
400

tac

Tyr

gac
Asp

cga
Arg

aag
Lys
480

gac

Asp

aag
Lys

agc
Ser

tca
Ser

age
Ser
560

Ser

Lys Asp Pro
30

Gly Gln Thr

1008

1056

1104

1182

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680

1704
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69

US 7,374,758 B2

-continued

70

Leu

Glu
65

Ser

Ile

145

Thr

Leu

Ile

Ala

Gln

225

Lys

Ala

Asp
305’

Glu

Asp

Asp

385

Gly

His

50

Met

Gly

Gln

Thr

Asp

130

Ser

Ile

Ile

Thr

210

Thxr

Leu

Lys

Asn

290

Lys

Val

Lys

Leu

Thr

370

Val

Val

Ser

Leu

Ala
450

35

Leu

val

Arg

Ala

Ser

118

Thr

His

Pro

Pro

Ser

195

Val

Asn

Leu

Asn

Asn

275

Ile

Gly

Asn

Ser

Leu

355

Leu

Ser

Glu

Thr

Aen
435

Gln

Ser

Asn

Asn
100

Lys

Gly

Met

Asn

Asp

180

Asn

Asn

Thr

Arg

Thr

260

Ala

Phe

Leu

Thr

Cys

340

Gly

Met

His

Val

Tyr

420

Gly

Ile

cys

Lys

Gly

85

His

Lys

Arg

Thr

Ile

165

Gly

Ala

Cly

Ile

Gly

245

Arg

Ser

Tyr

Tyr

Ser

325

Asp

Gly

Ile

Glu

His

405

Arg

Lys

Glu

Arg

Glu

70

Lys

Thr

Lys

Pro

Glu

150

Lys

Thr

His

Ile

230

val

Val

Ser

Thr

310

Val

Lys

Pro

Ser

Asp
3%0
Asn
val

Glu

Lys

Gly

85

Gln

Gly

Glu

Phe

135

Gly

Val

Arg

Tyr

Leu

215

Asp

Thr

Gln

Arg

val
295

cys

His

Thr

Ser

Rrg

375

Pro

Ala

val

Tyr

Thr
455

40

Glu

Glu

Phe

Phe

Thr

120

val

Arg

Thr

Ile

Lys

200

Tyxr

val

Leu

Met

Arg

280

Leu

Ile

His

Val

360

Thxr

Glu

Lys

Ser

Lys

440

Ile

Ala

Arg

Tyr

105

Glu

Glu

Glu

Leu

Ile

185

Glu

Lys

Gln

Val

Thr

265

Arg

Thx

Val

Tyr

Thr

345

Phe

Pro

val

Thr

val
425

cys

Ser

Ala

Leu

Ser

20

Ser

Ser

Met

Leu

Lys

170

Txrp

Ile

Thr

Ile

Leu

250

Trp

Ile

Ile

Arg

Asp

330

Cys

Leu

Glu

Lys

Lys

410

Lys

Lys

His

Ser

75

Thr

Cys

Ala

Tyr

Val

155

Lys

Asp

Gly

Asn

Ser

235

Asn

ser

Asp

Asp

Ser

315

Lys

Pro

Phe

Val

Phe

395

Thr

val

Ala

Lys
60

Ile
Leu
Lys
Ile
Ser
140
Ile
Phe
Ser
Leu
Tyr
220
Thr
Cys
Tyr
Gln
Lys
300
Gly
Ala
Pro
Pro
Thr
380
Asn
Arg
val

Ser

Lys
460

45

Trp

Thr

Thr

Tyr

Tyr

125

Pro

Pro

Arg

Leu

205

Leu

Pro

Thr

Pro

Ser

285

Met

Pro

Gly

cys

Pro

365

Cys

Trp

Glu

Leu

Asn

445

Gly

Ser

Lys

Leu

Leu

110

Ile

Ile

Ccys

Leu

Lys

1%0

Thr

Thr

Arg

Ala

Agp

270

Asn

Gln

Ser

Pro

Pro

350

Lys

Val

Tyr

Glu

His

430

Lys

Gln

Leu

Ser

Asn

95

Ala

Phe

Pro

Arg

Asp

175

Gly

cys

His

Pro

Thr

255

Glu

Ser

Asn

Phe

cly

338

Ala

Pro

Val

Val

Gln

415

Ala

Pro

Pro

Ala

80

Thr

val

Ile

Glu

val

160

Thr

Phe

Glu

Arg

Val

240

Thr

Lys

His

Lys

Lys

320

Glu

Pro

Lys

Val

Asp

400

Tyr

Asp

Leu

Arg
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US 7,374,758 B2
71 72

-cont inued

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys
465 470 475 480

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
! 485 490 495

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
500 505 510

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
515 520 525

Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser
530 535 540

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
545 550 555 560

Leu Sex Leu Ser Pro Gly Lys
565

<210> SEQ ID NO 11

<211> LENGTH: 1453

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (69)...(1442)

<400> SEQUENCE: 11

aagcttggge tgcaggtcga tcgactctag aggatcgatc cccgggegag ctegaattcg 60
caaccacce atg gtc age tac tgg gac acc ggg gtc ctg ctg tgc geg ctg 110
Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu

1 5 10
ctc agc tgt ctg ctt ctc aca gga tct agt tec gga ggt aga cct tte 158 -
Leu Ser Cys Leu Leu Leu Thr Gly Ser Ser Ser Gly Gly Arg Pro Phe
15 20 25 30
gta gag atg tac agt gaa atc ccc gaa att ata cac atg act gaa gga 206
val Glu Met Tyr Ser Glu Ile Pro Glu Ile Ile His Met Thr Glu Gly
35 40 45
agg gag ctc gtc att ccc tgc cgg gtt acg tca cct aac atc act gtt 254
Arg Glu Leu Val Ile Pro Cys Arg Val Thr Ser Pro Asn Ile Thr Val
50 55 60
act tta aaa aag ttt cca ctt gac act ttg atc cct gat gga aaa cgc 302
Thr Leu Lys Lys Phe Pro Leu Asp Thr Leu Ile Pro Asp Gly Lys Arg
65 70 75

ata atc tgg gac agt aga aag ggc ttc atc ata tca aat gca acg tac 350
Ile Ile Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr Tyr

80 85 90
aaa gaa ata ggg ctt ctg acc tgt gaa gca aca gtc aat ggg cat ttg 398
Lys Glu Ile Gly Leu Leu Thr Cys Glu Ala Thr Val Asn Gly His Leu
95 100 105 110
tat aag aca aac tat ctc aca cat cga caa acc aat aca atc ata gat 446 °
Tyr Lys Thr Asn Tyr Leu Thr His Arg Gln Thr Asn Thr Ile Ile Asp

115 120 125
gtg gtt ctg agt ccg tct cat gga att gaa cta tct gtt gga gaa aag 494
Val Val Leu Ser Pro Ser His Gly Ile Glu Leu Ser Val Gly Glu Lyo
130 135 140
ctt gtc tta aat tgt aca gca aga act gaa cta aat gtg ggg att gac 542
Leu Val Leu Asn Cys Thr Ala Arg Thr Glu Leu Asn Val Gly Ile Asp
145 150 155

ttc aac tgg gaa tac cCt tet teg aag cat cag cat aag aaa ctt gta 590
Phe Asn Trp Glu Tyr Pro Ser Ser Lys His Gln His Lys Lys Leu Val

160 165 170
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73

US 7,374,758 B2

-continued

74

aac
Asn
175

age

Ser

acc
Thr

gtc
Val

ceg
Pro
ccce
255
aca

Thr

aac
Asn

c€gg
Arg

gte
Val

tee
Ser
335

aaa

Lys

gat
Asp

tte
Phe

gag
Glu

tte
Phe
415

999
Gly

tac

<210>
<211>
<212>
<213>

cga
Arg

acc

Thr

tgt
cys

agg
Arg

tge
cyo
240

cca
Pro

tge
cys

tgg
Trp

gag
Glu

ctg
Leu
320

aac
Asn

999
Gly

gag
Glu

aac
Asn
400

ttc

Phe

aac
Asn

acg
Thr

gac
Asp

tta
Leu

gca
Ala

gte
Val
225

cca
Pro

aaa
Lys

gtg
Val

tac

Tyr

gag
Glu
305

cac
His

aaa
Lys

cag
Gln

ctg
Leu

cce
Pro
385

aac

Asn

cte
Leu

gte
Val

cag
Gln

cta
Leu

act
Thr

gca
Ala
210

cat
His

gca
Ala

cce
Pro

gtg
val

gtg
Val
290

cag
Gln

cag
Gln

gce
Ala

cece
Pro

acc
Thr
370

age
Ser

tac

Tyr

tat
Ty

tte
Phe

aag
Lys
450

aaa
Lys

ata
Ile
195

tee
Ser

gaa
Glu

cct
Pro

aag
Lys

gtg
val
275

gac
Asp

tac

Tyr

gac
Asp

ctc
Leu

cga
Arg
355

aag
Lys

gac
Asp

aag
Lys

agc
Ser

tca
Ser
435

agce
Ser

SEQ ID NO 12
LENGTH: 458

TYPE: PRT
ORGANISM: Homo sapiens

acc
Thr
180

gat

Asp

agt
Ser

aag
Lys

gaa
Glu

gac
260
gac

Asp

gg¢
Gly

aac
Asn

tgg
Trp

cca
Pro
340

gaa
Glu

aac
Asn

atc
Ile

acc
Thr

aag
Lys
420

tgc

Cys

cte
Leu

cag
Gln

ggt
Gly

999
Gly

gge
Gly

ctc
Leu
245

acc
Thr

gtg
val

gtg
Val

age
Ser

ctg
Leu
325

gce
Ala

cca
Pro

cag
Gln

gce
Ala

acg
Thr
405

ctec

Leu

tee
Ser

tece
Ser

tect
Ser

gta
Val

ctg
Leu

ceg
Pro
230

ctg
Leu

cte
Leu

agc
Ser

g9ag
Glu

acg
Thr
310

aat
Asn

cce
Pro

cag
Gln

gtc
val

gtg
val
390

cct

Pro

acc
Thr

gtg
Val

ctg
Leu

agg
Gly

acc
Thr

atg
Met
215

gg¢
Gly

999
Gly

atg
Met

cac
His

gty
Val
295

tac

Tyr

gge
Gly

atc
Ile

gtg
Val

agc
Sexr
375

gag
Glu

cce
Pro

gtg
Val

atg
Met

tct
Ser
45S

agt
Ser

cgg
200

acc
Thr

gac
Asp

gga
Gly

atc
Ile

gaa
Glu
280

cat
Hie

cgt
Arg

aag
Lys

gag
Glu

tac
Tyr
360

ctg
Leu

tgg
Trp

atg
Val

gac
Asp

cat
His
440

cecg
Pro

gag
Glu
185

agt
Ser

aag
Lys

aaa
Lys

ccg
Pro

tee
Ser
265

gac
Asp

aat
Asn

gtg
val

gag
Glu

aaa
Lys
345

ace
Thr

acc
Thr

gag
Glu

ctg
Leu

aag
Lys
425

gag
Glu

ggt
Gly

atg
Met

gac
Asp

aag
Lys

act
Thr

tca
Ser
250

€99
Arg

cct
Pro

gce
Ala

gtc
val

tac
Tyr
330

acc
Thr

ctyg
Leu

tgc
cys

agc
Ser

gac
Aop
410

agc

Ser

gct
Ala

aaa
Lys

aag
Lys

caa
Gln

aac
Asn

cac
His
235

gtc
val

ace
Thr

gag
Glu

aag
Lys

agc
Ser
315

aag
Lys

atc
Ile

cee
Pro

ctg
Leu

aat
Asn
395

tece

Ser

agg
Arg

ctg
Leu

aaa
Lys

gga
Gly

age
Ser
220

aca
Thr

tte
Phe

cct
Pro

gte
val

aca
Thr
300

gtc
val

tgc
Cys

tee
Ser

cca
Pro

gte
Val
380

999
Gly

gac
Asp

tgg
Txrp

cac

ttt
Phe

ttg
Leu
205

aca
Thr

tge
Cys

cte
Leu

gag
Glu

aag
Lys
285

aag
Lys

ctc
Leu

aag
Lys

aaa
Lys

tce
Ser
365

aaa
Lys

cag
Gln

gg¢
Gly

cag
Gln

aac
Asn
445

tgageggeey

ttg
Leu
190

tac

Tyr

tte
Phe

cca
Pro

tte
Phe

gtc
Val
270

tte
Phe

ccg
Pro

acc
Thr

gtc
Val

gece
Ala
350

€99
Arg

gg¢
Gly

cecg
Pro

tecc
Ser

cag
Gln
430

cac
His

638

686

734

782

830

878

926

974

1022

1070

1118

1166

1214

1262

1310

1358

1406

1452

1453
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75

US 7,374,758 B2

-continued

76

<400> SEQUENCE:

Met Val Ser

1

cys

Lys
65
Trp

Ile

Thr

Leu
145
Trp

Asp

Ala

val
225

Glu
305
His

Lys

Gln

Leu

Tyr

val

50

Lys

Asp

Gly

Asn

Ser

130

Asn

Glu

Leu

Thr

Ala

210

His

Ala

Pro

val

Val

290

Gln

Gln

Ala

Pro

Thr

370

Ser

Tyr

Leu

Ser

35

Ile

Phe

Ser

Leu

Tyr
115

Pro

Cys

Tyr

Lys

Ile

195

Ser

Glu

Pro

Lys

val

275

Asp

TYT

Asp

Leu

Arg

358

Lys

Asp

Lys

Tyr

Leu

20

Pro

Pro

Arg

Leu

100

Leu

Ser

Thr

Pro

Thr

180

Asp

Ser

Lys

Glu

Asp

260

Asp

Gly

Asn

Trp

Pro

340

Glu

Asn

Ile

Thr

12
Trp
5
Thr
Ile
Cye
Leu
Lys

85

Thr

Thr

Ala

Ser

165

Gly

Gly

Gly

Leu

245

Thr

Val

Val

Ser

Leu

325

Ala

Pro

Gln

Ala

Thr

Asp

Gly

Pro

Arg

Asp

70

Gly

cys

Hie

Gly

Arg

150

Ser

Ser

Val

Leu

Pro

230

Leu

Leu

Ser

Glu

Thr

310

Asn

Pro

Gln

Val

val

390

Pro

Thr

Ser

Glu

Vval

55

Thr

Phe

Glu

Arg

Ile

135

Thr

Lys

Gly

Thr

Met

215

Gly

Gly

Met

His

Val

295

Tyr

Gly

Ile

Val

Ser

375

Glu

Pro

Gly

Ser

Ile

40

Thr

Leu

Ile

Ala

Gln

120

Glu

Glu

His

Ser

Arg

200

Thr

Rsp

Gly

Iile

Glu

280

Hig

Arg

Lys

Glu

Tyr

360

Leu

Trp

val

Val

Ser

25

Ile

Ser

Ile

Ile

Thr

105

Thr

Leu

Leu

Gln

Glu

185

Ser

Lys

Lys

Pro

Ser

265

Asp

Asn

val

Glu

Lys

345

Thr

Thr

Glu

Leu

Leu

10

Gly

His

Pro

Pro

Ser

90

Val

Asn

Ser

Asn

His

170

Met

Asp

Lys

Thr

Ser

250

Arg

Pro

Ala

val

Tyr

330

Thr

Leu

Cys

Ser

Asp

Leu
Gly
Met
Asn
Asp
75

Asn
Asn
Thr
Val
val
155
Lys
Lys
Gln
Asn
His
235
Val
Thr
Glu
Lys
Ser
315
Lys
Ile
Pro
Leu
Asn

395

Ser

cys

Arg

Thr

Ile

60

Gly

Ala

Gly

Ile

Gly

140

Gly

Lys

Lys

Gly

Ser

220

Thr

Phe

Pro

val

Thr

300

Val

cys

Ser

Pro

Val

380

Gly

Asp

Ala

Pro

Glu

45

Thr

Lys

Thr

His

Ile

1285

Glu

Ile

Leu

Phe

Leu

208

Thr

cys

Leu

Glu

Lys

285

Lys

Leu

Lys

Lys

Ser

365

Lys

Gln

Gly

Leu

Phe

Gly

Val

Arg

Leu

110

Asp

Lys

Asp

Val

Leu

190

Tyr

Phe

Pro

Phe

Val

270

Phe

Pro

Thr

val

Ala

350

Arg

Gly

Pro

Ser

Leu

15

Val

Arg

Thr

Ile

Lys

95

Tyr

Val

Leu

Phe

Asn

175

Ser

Thr

val

Pro

Pro

255

Thr

Asn

Arg

val

Ser

335

Lys

Asp

Phe

Phe

Glu

Glu

Leu

Ile

80

Glu

Lys

val

Val

Asn

160

Arg

Thr

Cys

Arg

cys

240

Pro

cys

Trp

Glu

Leu

320

Asn

Gly

Glu

Tyr

Asn

400

Fhe
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US 7,374,758 B2

-continued

405 410 415

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn
420 425 430
Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr
435 440 445
Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
450 455

<210> SEQ ID NO 13
<211> LENGTH: 1444
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (69)...(1433)
<400> SEQUENCE: 13

aagettggge tgeaggtcga tcegactctag aggatcgatc cccgggegag ctcgaatteg

caaccacc atg gtc agc tac tgg gac acc ggg gtc ctg ctg tgc geg ctg
Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu

ctc
Leu

gta
Val

agg
Arg

act
Thr

ata
Ile

aaa
Lys
95

tat

atc
Ile

ctg
Leu

tee
Phe

cee
Pro
175

acce

Thr

gee
Ala

agc
Ser

gag
Glu

gag
Glu

tta
Leu

atc
Ile
80

gaa
Glu

aag
Lys

cag
Gln

gtc
Val

gac
Asp
160

gag
Glu

atc
Ile

aac
Asn

1

tgt
Cys

atg
Met

ctc
Leu

aaa
Lys
65

tgg
Trp

ata
Ile

aca
Thr

ctg
Leu

ctec
Leu
145

tgg
Trp

cga

cac
His

aac
Asn

ctg
Leu

tac

Tyr

gte
Val
50

aag
Lys

gac
Asp

999
Gly

aac
Asn

ttg
Leu
130

aac
Asn

aac
Asn

ggc
Gly
210

ctt
Leu

agt
Ser

35
att
Ile

tece
Phe

agt
Ser

Leu

tat
115

cee

tgc
cys

tac

Tyr

tee
Ser

gte
Val
195

atc
Ile

cte
Leu
20

gaa
Glu

cce
Pro

cca
Pro

aga
Arg

ctg
Leu
100

cte
Leu

agg
Arg

acc
Thr

cca
Pro

caa
Gln
180

agc

Ser

cag
Gln

5

aca
Thr

atec
Ile

tge
cys

ctt
Leu

aag
Lys
85

acc
Thr

aca
Thr

aag
Lys

gtg
Val

999
Gly
165

cag

Gln

cag
Gln

cga
Arg

gga
Gly

ccce
Pro

g9
Arg

gac
Asp
70

gg¢
Gly

tgt
Cys

cat
His

teg
Ser

tgg
Trp
150

aag

Lys

acc
Thr

cac
His

tee
Phe

tect

gaa
Glu

gtt
val
55

act
Thr

tte
Phe

gaa
Glu

cga

ctg
Leu
135

gct
Ala

cag
Gln

cac
His

gac
Asp

<¢gg

215

agt
Ser

att
Ile
40

acg
Thr

ttg
Leu

atc
Ile

gca
Ala

caa
Gln
120

gag
Glu

gag
Glu

gca
Ala

aca
Thr

ctg
Leu
200

g9ag
Glu

tee
Ser
25

ata
Ile

tca
Ser

atc
Ile

ata
Ile

aca
Thr
105

acc
Thr

ctg
Leu

Tttt
Phe

gag
Glu

gaa
Glu
185

age
Gly

age
Ser

10

gga
Gly

cac
His

cct
Pro

cct
Pro

tca
Ser
90

gtc
Val

aat
Asn

ctg
Leu

aac
Asn

cgg
Arg
170

cte

Leu

teg
Ser

acc
Thr

ggt
Gly

atg
Met

aac
Asn

gat
Asp
75

aat
Asn

aat
Asn

aca
Thr

gta
Val

tca
Ser
155

ggt
Gly

tce
Ser

tat
TYr

gag
Glu

aga
Arg

act
Thr

atc
Ile
60

gga
Gly

gca
Ala

999
Gly

atc
Ile

999
Gly
140

ggt
Gly

aag
Lys

age
Ser

gtg
Val

gtc
val
220

cct tte
Pro Phe

gaa gga
Glu Gly

act gtt
Thr Val

aaa cgc
Lys Arg

acg tac
Thr Tyr

cat ttg
His Leu
110

ata gat
Ile Asp
125

g9ag aag
Glu Lys

gtc acce
val Thr

tgg gtg
Trp Val

atc ctg
Ile Leu
190

tge aag
Cys Lys
205

att gtg
Ile Val

60

110

158

206

254

302

350

398

446

494

542

590

638

686

734
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79

US 7,374,758 B2

-cont inued

80

cat gaa aat ggc
His Glu Asn Gly
228

gca cct gaa ctc
Ala Pro Glu Leu
240

ccc aag gac acc
Pro Lys Asp Thr
255

gtg gtg gac gtg
Val Val Asp Val

dgtg gac gge gtg
Val Aep Gly Val
290

cag tac aac agc
Gln Tyr Asn Ser
305

cag gac tgg ctg
Gln Asp Trp Leu
320

gece cte eca gee
Ala Leu Pro Ala
335

ccc cga gaa cca
Pro Arg Glu Pro

acc aag aac cag
Thr Lys Asn Gln
370

agc gac atc gce
Ser Asp Ile Ala
385

tac aag acc acg
Tyr Lys Thr Thr
400

tat agc aag ctc
Tyr Ser Lys Leu
415

ttce tea tgc tece

Phe Ser Cys Ser

aag agc ctc tcc
Lys Ser Leu Ser
450

<210> SEQ ID NO

ccg
Pro

ctg
Leu

cte
Leu

age
Ser
275

gag
Glu

acg
Thr

Asn

cce
Pro

cag
Gln
355

gte

Val

gtg
Val

cct
Pro

acc
Thr

gtg
Val
435

ctg
Leu

14

<211> LENGTH: 455

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE:

Met Val Ser Tyr
1

14

ggc
Gly

999
Gly

atg
Met
260

cac
His

gty
Val

tac

gg¢
Gly

atc
Ile
340

gtg
val

age
Ser

gag
Glu

cece
Pro

gtg
Val
420

atg
Met

tect
Ser

gac
Asp

gga
Gly
245

atc
Ile

gaa
Glu

cat
Hie

cgt
Arg

aag
Lys
325

gag
Glu

tac

Tyr

ctg
Leu

tgg
Trp

gty
Val
405

gac
Asp

cat
His

ccg
Pro

Trp Asp Thr
5

Cys Leu Leu Leu Thr Gly Ser

20

Met Tyr Ser Glu
35

Leu Val Ile Pro

Ile Pro Glu

Cys Arg Val

aaa
Lys
230
ceg
Pro

tce
Ser

gac
Asp

Asn

gty
Val
310
gag
Glu

aaa
Lys

acc
Thr

acc
Thr

9ag
Glu
390
ctg
Leu

aag
Lys

gag
Glu

ggt
Gly

Gly

Ser

Ile

40

Thr

act
Thr

tca
Ser

cgg
Arg

Pro

gee
Ala
295

gte
val

tac

Tyxr

acc
Thr

ctg
Leu

tge
Cys
375
agc
Ser

gac
Asp

agc
Ser

gct
Ala

aaa
Lys
455

Val
Ser
25

Ile

Ser

cac aca tgc cca
His Thr Cys Pro
235

gtc ttc ctec tte
Val Phe Leu Phe
250

acc cct gag gtc
Thr Pro Glu Val
265

gag gtc aag tte
Glu Val Lys Phe
280

aag aca aag ccg
Lys Thr Lys Pro

agc gtc ctc acc
Ser Val Leu Thr
31s

aag tgc aag gtc
Lys Cys Lys Val
330

atc tce aaa gec
Ile Ser Lys Ala
345

ccc cca tee ¢gg
Pro Pro Ser Arg
360

ctg gtc aaa ggc
Leu Val Lys Gly

aat ggg cag ccg
Asn Gly Gln Pro
395

tee gac gge tee
Ser Asp Gly Ser
410
agg tgg cag cag
Arg Trp Gln Gln
425
ctg cac aac cac

Leu His Asn His
440

tgagcggeeg ¢

Leu Leu Cys Ala
10

Gly Gly Arg Pro
His Met Thr Glu
45

Pro Asn Ile Thr

ccg
Pro

ccec
Pro

aca
Thr

aac
Asn

cgg
Arg
300

gtc
val

tcc
ser

aaa
Lys

gat
Asp

ttc
Phe
380
gag
Glu

tte
Phe

999
Gly

tac

Tyr

Leu

Phe
30

Gly

tge
cys

cca
Pro

tgc
Cys

tgg
TXp
285

gag
Glu

ctg
Leu

aac
Asn

999
Gly

gag
Glu
365
tat
Tyr

aac
Asn

tte
Phe

aac
Asn

acg
Thr
445

Leu
15
Val

Arg

Thr

cca
Pro

aaa
Lys

gtg
Val
270
tac

Ty

gag
Glu

cac
His

aaa
Lys

cag
Gln
350
ctg
Leu

ccc
Pro

aac
Asn

cte
Leu

gtc
val
430

cag
Gln

Ser

Glu

Glu

Leu

782

830

878

974

1022

1070

1118

1166

1214

1262

1310

1358

1406

1444
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81

US 7,374,758 B2

-continued

82

Lys

65

Trp

Ile

Thr

Leu

Leu
145

Trp

Arg

Asn
225

Glu

Asp

Asp

Gly

305

Trp

Pro

Glu

Ile
385

Thr

Lys

50

Lys

Asp

Gly

Asn

Leu

130

Asn

Asp

Arg

Asn

Gly

210

Gly

Leu

Thr

Val

Val

290

Ser

Leu

Ala

Pro

Gln

370

Ala

Thr

Leu

Ser

Ser
450

Phe

Ser

Leu

Tyr

115

Cys

Tyr

Ser

val

195

Ile

Pro

Leu

Leu

Sexr

275

Glu

Thr

Asn

Pro

Gln

385

val

val

Pro

Thr

Val

435

Leu

Pro

Arg

Leu

100

Leu

Arg

Thr

Pro

Gln

180

Ser

Gln

Gly

Gly

Met

260

His

Val

Tyr

Gly

ile

340

Val

Ser

Glu

Pro

Val

420

Ser

<210> SEQ ID NO

Leu

Lys

8s

Thr

Lys

Val

Gly

165

Gln

Gln

Arg

Asp

Gly

245

Gilu

His

Lys

325

Glu

Tyr

Leu

Trp

Val

405

Hise

Pro

15

Asp

70

Gly

Cys

His

Ser

Trp

150

Lys

Thr

His

Phe

Lys

230

Pro

Ser

Asp

Asn

Val

310

Glu

Lys

Thr

Thr

Glu

390

Leu

Lys

Glu

Gly

55

Thr

Phe

Glu

Arg

Leu

135

Ala

Gln

His

Asp

Arg

215

Thr

Ser

Arg

Pro

Ala

295

Val

Tyr

Thr

Leu

Cys

375

Ser

Asp

Ser

Ala

Lys
455

Leu

Ile

Ala

Gln

120

Glu

Glu

Ala

Thx

Leu

200

Glu

His

Val

Thr

Glu

280

Lys

Ser

Lys

Ile

Pro

360

Leu

Asn

Ser

Arg

Leu
440

Ile

Ile

Thr

105

Thr

Leu

Phe

Glu

Glu

185

Gly

Ser

Thr

Phe

Pro

265

Val

Thr

val

cys

Ser

345

Pro

val

Gly

Asp

Trp

425

His

Pro

Ser

90

val

Asn

Leu

Agon

Arg

170

Leu

Ser

Thr

Leu

260

Glu

Lys

Lys

Leu

Lys

330

Lys

Ser

Lys

Gln

Gly

410

Gln

Asn

Asp

75

Asn

Asn

Thr

Val

Ser

155

Gly

Ser

Tyr

Glu

Pro

235

Phe

val

Phe

Pro

Thr

315

val

Ala

Arg

Gly

Pro

395

Ser

60

Gly

Ala

Gly

Ile

Gly

140

Gly

Lys

Ser

val

Val

220

Pro

Pro

Thr

Asn

Arg

300

Val

Ser

Lys

Asp

Phe

380

Glu

Phe

Gly

Tyr

Lys

Thr

His

Ile

125

Glu

Val

Trp

Ile

cys
205

Ile

Cys

Pro

cys

Trp

285

Glu

Leu

Asn

Gly

Glu
365

Tyr

Asn

Phe

Asn

Thr
445

Tyr

Leu

110

Asp

Lys

Thr

Val

Leu

190

Lys

val

Pro

Lys

val

270

Tyr

Glu

His

Lys

Gln

350

Leu

Pro

Asn

Leu

Val

430

Gln

Lys

95

Ile

Leu

Phe

Pro

175

Thr

Ala

His

Ala

Pro

255

Val

Val

Gln

Gln

Ala

335

Pro

Thr

Ser

Tyr
415

Phe

Lys

Lys

Gln

val

Asp

160

Glu

Ile

Asn

Glu

Pro

240

Lys

val

Asp

Tyx

Asp

320

Leu

Arg

Lys

Asp

Lys

400

Ser

Ser

Ser

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881
Page 149

Joining Petitioner: Apotex



83

US 7,374,758 B2

-continued

84

<211>
<212>
<213>
<220>
<221>
<222>

LENGTH:
TYPE: DNA
ORGANISM:
FEATURE:

NAME /KEY :
LOCATION:

<400> SEQUENCE:

atg
Met
1

tgt
Cys

tte
Phe

gga
Gly

gtt
Val
65

cge

Arg

tac

ttg
Leu

gat
Asp

aag
Lys
145

gac

Asp

gta
val

ttg
Leu

tac

tet
Phe
225

ceca

Pro

aaa
Lys

gtg
Val

gtc
val

ctg
Leu

gta
Val

agg
Arg
50

act
Thr

ata
Ile

aaa
Lys

tat
Tyr

gtg
val
130

ctt
Leu

tte
Phe

aac
Asn

age
Ser

acc
Thr
210

gtc
Val

gca
Ala

cece
Pro

gtg
Val

agc
Ser

ctt
Leu

gag
Glu
35

gag
Glu

tta
Leu

atc
Ile

gaa
Glu

aag
Lys
115

gte
val

gte
val

aac
Asn

cga

acc
Thr
195

tgt
cys

agg
Arg

cct
Pro

aag
Lys

gtg
Val

tac

Tyr

cte
Leu
20

atg
Met

ctc
Leu

aaa
Lys

tgg
Trp

ata
Ile
100

aca
Thr

ctg
Leu

tta
Leu

tgg
Trp

gac
Asp
180

tta
Leu

gca
Ala

gtc
Val

gaa
Glu

gac
Agp
260

gac
Asp

1377

Homo sapiens

CDs
(1)

15

tgg
Trp
S

aca
Thr

tac

Tyr

gtc
Val

aag
Lys

gac
Asp
85

a99
Gly

Asn

agt
Ser

aat
Asn

gaa
Glu
165

cta
Leu

act
Thr

geca
Ala

cat
His

ctc
Leu
245

acc

Thr

gtg
Val

... {(1374)

gac
Asp

gga
Gly

agt
Ser

att
Ile

tre
Phe
70

agt
Ser

ctt
Leu

tat

Tyx

cecg
Pro

tgt
Cys
150

tac

Tyr

aaa
Lys

ata
Ile

tee
Ser

gaa
Glu
230

ctg

Leu

cte
Leu

agce
Ser

acc
Thr

tet
Ser

gaa
Glu

cece
Pro
55

cca
Pro

aga
Arg

ctyg
Leu

cte
Leu

tct
Ser
135

aca
Thr

cct
Pro

acc
Thr

gat
Asp

agt
Ser
215

aag

Lys

999
Gly

atg
Met

cac
His

999
Gly

agt
Ser

atc
Ile
40

tgc
cys

ctt
Leu

aag
Lys

acc
Thr

aca
Thr
120

cat
His

gca
Ala

tct
Ser

cag
Gln

ggt
Gly
200

999
Gly

gac
Asp

gga
Gly

ate
Ile

gaa
Glu

gtc
val

tcec
Ser
25

cce
Pro

€gg
Arg

gac
Asp

ggc
Gly

tgt
Cys
105

cat
His

gga
Gly

aga
Arg

tcg
Ser

tct
Ser
185

gta
Val

ctg
Leu

aaa
Lys

ccg
Pro

tce
Ser
265

gac
Asp

ctg
Leu
10

g9a
Gly

gaa
Glu

gtt
Val

act
Thr

tte
Phe
90

gaa
Glu

cga
Arg

att
Ile

act
Thr

aag
Lys
170

999
Gly

acc
Thr

atg
Met

act
Thr

tca
Sex
250

cgg
Arg

cct
Pro

ctg
Leu

agt
Ser

att
Ile

acg
Thr

ttg
Leu

atc
Ile

gca
Ala

caa
Gln

gaa
Glu

gaa
Glu
155

cat
His

agt
Ser

<99
Axrg

acc
Thr

cac
His
235

gte
Val

acc
Thr

gag
Glu

tgc
Cys

gat
Asp

ata
Ile

tca
Ser
60

ate
Ile

ata
Ile

aca
Thr

acc
Thr

cta
Leu
140

cta
Leu

cag
Gln

gag
Glu

agt
Ser

aag
Lys
220

aca

Thr

tte
Phe

cct
Pro

gte
Val

gcg
Ala

acc
Thr

cac
His
45

cct
Pro

cct
Pro

tca
Ser

gte
Val

aat
Asn
125

tct

aat
Asn

cat
His

atg
Met

gac
Asp
205

aag

Lys

tge
Cys

cte
Leu

gag
Glu

aag
Lys

ctg
Leu

gt
Gly
30

atg
Met

aac
Asn

gat
Asp

aat
Asn

aat
Asn
110

aca
Thr

gtt
val

gtg
Val

aag
Lys

aag
Lys
190

caa
Gln

aac
Asn

cca
Pro

tte
Phe

gte
Val
270

tte
Phe

ctc
Leu
15

aga
Arg

act

atc
Ile

g9a
Gly

gca
Ala
95

999
Gly

atc
Ile

gga
Gly

999
Gly

aaa
Lys
175

aaa
Lys

gga
Gly

agc
Ser

ccg
Pro

cece
Pro
255

aca

Thr

aac
Asn

agc
Ser

Pro

gaa
Glu

act
Thr

aaa
Lys
80

acg
Thr

cat
His

ata
Ile

gaa
Glu

att
Ile
160

ctt
Leu

ttt
Phe

ttg
Leu

aca
Thr

tgc
cys
240

cca

Pro

tge
cye

tgg
Trp

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720

816

864
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85

US 7,374,758 B2

-continued

86

275 280

tac gtg gac ggc gtg gag gtg cat
Tyr Val Asp Gly Val Glu Val His
290 295

gag cag tac aac agc acg tac cgt
Glu Gln Tyr Asn Ser Thr Tyr Arg
305 310

cac cag gac tgg ctg aat ggc aag
His Gln Asp Trp Leu Asn Gly Lys
325

aaa gcc ctc cca gec ccc atc gag
Lys Ala Leu Pro Ala Pro Ile Glu
340

cag ccc cga gaa cca cag gtg tac
Gln Pro Arg Glu Pro Gln Val Tyr
355 360

ctg acc aag aac cag gtc agc ctg
Leu Thr Lys Asn Gln Val Ser Leu
370 375

ccec age gac atc goc gtg gag tgg
Pro Ser Asp Ile Ala Val Glu Trp
385 390

aac tac aag acc acg cct ccc gtg
Asn Tyr Lys Thr Thr Pro Pro Val
405

ctc tac agc aag ctec acc gtg gac
Leu Tyr Ser Lys Leu Thr val Asp
420

gtc ttc tca tgc tee gtg atg cat
Val Phe Ser Cys Ser Val Met His
435 440

cag aag agc ctc tee ctg tet ccg
Gln Lys Ser Leu Ser Leu Ser Pro
450 455

<210> SEQ ID NO 16

<211> LENGTH: 458

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

Met Val Ser Tyr Trp Asp Thr Gly
1 5

Cyo Leu Leu Leu Thr Gly Ser Ser
20

Phe Val Glu Met Tyr Ser Glu Ile
35 40

Gly Arg Glu Leu Val Ile Pro Cys
50 55

Val Thr Leu Lys Lys Phe Pro Leu
65 70

Arg Ile Ile Trp Asp Ser Arg Lys
85

Tyr Lys Glu Ile Gly Leu Leu Thr
100

Leu Tyr Lys Thr Asn Tyr Leu Thr
115 120

Asp Val Val Leu Ser Pro Ser His

Asn

gtg
Val

gag
Glu

aaa
Lys
345

acc
Thr

ace
Thr

g9ag
Glu

ctg
Leu

aag
Lys
425

gag
Glu

ggt
Gly

val
Ser
25

Pro
Arg
Asp
Gly
Cys
105

His

Gly

gece
Ala

gtc
val

tac
Tyr
330
ace
Thr

ctg
Leu

tgc
Cys

agc
Ser

gac
Asp
410
agc
ser

gct
Ala

aaa
Lys

Leu

10

Gly

Glu

val

Thr

Phe

90

Glu

Ile

aag
Lys

age
Ser
315

aag

Lys

atc
Ile

cee
Pro

ctg
Leu

aat
Asn
395

tee

Ser

agg
Arg

ctg
Leu

tga

Leu

Ser

Ile

Thr

Leu

75

Ile

Ala

Gln

Glu

aca
Thr
300

gte

val

tgc
cys

tee
Ser

cca

gtc
Val
380

999
Gly

gac
Asp

tgg
Trp

cac
His

Cys

Aop

Ile

Ser

60

Ile

Ile

Thr

Thr

Leu

285
aag ccg

Lys Pro

ctec acc
Leu Thr

aag gtc
Lys Val

aaa gce
Lys Ala
350

tce cgg
Ser Arg

365
aaa ggc

Lyos Gly

cag ccg
Gln Pro

ggc tce
Gly Ser

cag cag
Gln Gln

430
aac cac

Asn His
445

Ala Leu
Thr Gly
30

His Met
45

Pro Asn

Pro Asp

Ser Asn

Val Asn
110

Asn Thr
125

Ser Val

€99
Arg

gtc
Val

tce
Ser
335
aaa
Lys

gat

tte
Phe

9ag
Glu

ttc
Phe
415

a99
Gly

tac

Tyr

Leu
15

Arg
Thr
Ile
Gly
Ala
95

Gly

Ile

Gly

gag
Glu

ctg
Leu
320

aac
Asn

999
Gly

gag
Glu

tat
Tyr

aac
Asn
400

tte

Phe

aac
Asn

acg
Thr

Ser

Pro

Glu

Thr

Lys

80

Thr

Hisg

Ile

Glu

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1377
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87

US 7,374,758 B2

-continued

88

Lys
145
Asp

val

Tyr

Phe

225

Lys

Val

Tyr

Glu

305

Lys

Gln

Pro

385

Leu

Val

Gln

<210>
<211>
<212>
<213>

130

Leu

Phe

Asn

Ser

Thr

210

Val

Ala

Pro

Val

Val

290

Gln

Gln

Ala

Pro

Thr

370

Ser

Tyr

Tyx

Phe

Lys
450

Val

Asn

Arg

Thr

195

Cys

Arg

Pro

Lys

Val

275

Asp

Tyr

Asp

Leu

Arg

355

Lys

Asp

Lys

Ser

Ser

435

Ser

Leu

Trp

Asp

180

Leu

Ala

Val

Glu

Rsp

260

Asp

Gly

Asn

Trp

Pro

340

Glu

Asn

Ile

Thr

Lys

420

cys

Leu

Asn

Glu

165

Thr

Ala

His

Leu

245

Val

Val

Ser

Leu

328

Ala

Pro

Gln

Ala

Thr

405

Leu

Ser

Ser

SEQ ID NO 17
LENGTH: 430
TYPE: PRT
ORGANISM: Homo sapiens

<400> SEQUENCE: 17

Gly Arg Pro Phe V.
1

Met Thr Glu Gly Arg Glu Leu Val

20

5

Cys

150

Tyr

Lys

Ile

Ser

Glu

230

Leu

Leu

Ser

Glu

Thr

310

Asn

Pro

Gln

Val

val

390

Pro

Thr

val

Leu

135

Thr

Pro

Thr

Asp

Ser

215

Lys

Gly

Met

His

Val

295

Tyr

Gly

Ile

Val

Ser

375

Glu

Pro

val

Met

Ser
455

Asn Ile Thr val Thr Leu Lys

35

Ala Arg

Ser Ser

Gln Ser
185

Gly Val
200

Gly Leu

RAsp Lys

Gly Pro

Ile Ser
265

Glu Asp
280

His Asn

Arg Val

Lys Glu

Glu Lys
345

Tyr Thr
360

Leu Thr

Trp Glu

Val Leu

Asp Lys
425

His Glu
440

Pro Gly

al Glu Met Tyr Ser

Thr

Lys

170

Gly

Thr

Met

Thr

Ser

250

Arg

Pro

Ala

Val

Tyr

330

Leu

Cys

Ser

Asp

410

Ser

Ala

Lys

Glu
158

His

Ser

Thr

Hig

235

val

Thr

Glu

Lys

Ser

315

Lys

Ile

Pro

Leu

Asn

395

Ser

Arg

Leu

140

Leu

Gln

Glu

Ser

Lys

220

Thr

Phe

Pro

Val

300

Val

Cys

Ser

Pro

Vval

380

Gly

Asp

Trp

His

Glu Ile Pro

10

Ile Pro Cys Arg
25

Lys Phe Pro Leu Asp
40

Asn

His

Met

Asp

205

Lys

cys

Leu

Glu

Lys

285

Lys

Leu

Lys

Lys

Ser

365

Lys

Gln

Gly

Gln

Asn
445

Glu

Val

Thr
45

val Gly
Lys Lys
175

Lys Lyse
190

Gln Gly

Asn Ser

Pro Pro

Phe Pro

255

Val Thr
270

Phe Asn

Pro Arg

Thr Val

Val Ser

335

Ala Lys
350

Arg Asp

Gly Phe

Pro Glu

Ser Phe

415

Gln Gly
430

His Tyr

Ile Ile
15

Thr Ser
30

Leu Ile

Ile

160

Leu

Phe

Leu

Thr

cys

240

Pro

Cys

Trp

Glu

Leu

320

Asn

Glu

Tyr

Asn

400

Phe

Asn

Thr

His

Pro

Pro

i
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90

Asp

Asn

65

Thr

Val

val

Lys

145

Lys

Gln

Val
225

Thr

Glu

Lys

Lys
305

Ile

Ser
385

Arg

Leu

<210>
<211>
<212>
<213>
<220>
<223>

Gly

50

Ala

Gly

Ile

Gly

Gly

130

Lys

Lys

Gly

Ser

Thr

210

Phe

Pro

Val

Thr

Val

290

Ser

Pro

Val

Gly

370

Asp

Trp

Hie

Lys

Thr

His

Ile

Glu

115

Ile

Leu

Phe

Leu

Thr
195

Cys

Leu

Glu

Lys

Lys

275

Leu

Lys

Lys

Ser

Lys

355

Gln

Gly

Gln

Asn

Tyr

Leu

Asp

100

Lys

Asp

Val

Leu

Tyr

180

Phe

Pro

Phe

val

Phe

260

Pro

Thr

val

Ala

Arg

340

Gly

Pro

Ser

Gln

His
420

Ile

Lys

Tyr

8S

Val

Leu

Phe

Asn

Ser

165

Thr

Val

Pro

Pro

Thr

245

Asn

Arg

Val

Ser

Lys

325

Asp

Phe

Glu

Phe

Gly

405

Tyr

SEQ ID NO 18
LENGTH: 36
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: primer

Ile

Glu

70

Lys

Val

Val

Asn

Arg

150

Thr

cys

Arg

Cys

Pro
230

Cys

Trp

Glu

Leu

Asn

310

Gly

Glu

Tyr

Asn

Phe

390

Asn

Thr

Trp

S5

Ile

Thr

Leu

Leu

Trp

135

Asp

Leu

Ala

Val

Pro

215

Lys

Val

Tyr

Glu

His

295

Lys

Gln

Leu

Pro

Asn

375

Leu

val

Gln

Asp

Gly

Asn

Ser

Asn

120

Glu

Leu

Thr

Ala

His

200

Ala

Pro

Val

Val

Gln

280

Gln

Ala

Pro

Thr

Ser

360

Tyx

Tyr

Phe

Lys

Ser

Leu

Tyr

Pro
105

Cys

Tyr

Lyse

Ile

Ser

185

Pro

Lys

Val

Asp

265

Tyr

Asp

Leu

Arg

Lys

345

Asp

Lys

Ser

Ser

Ser
425

Arg

Leu

Leu

Ser

Thr

Pro

Thr

Asp

170

Ser

Lys

Glu

Asp

Asp

250

Gly

Asn

Trp

Pro

Glu

330

Asn

Ile

Thr

Lys

cys

410

Leu

Lys

Thr

75

Thr

His

Ala

Ser

Gln

188

Gly

Gly

Gly

Leu

Thr

235

Val

val

Ser

Leu

Ala

315

Pro

Gln

Ala

Thr

Leu

395

Ser

Ser

Gly Phe Ile Ile

60

cys

His

Gly

Ser

140

Val

Leu

Pro

Leu

220

Leu

Ser

Glu

Thr

Asn

300

Gln

Val

val

Pro

380

Thr

vVal

Pro

Glu

Arg

Ile

Thr

125

Lys

Gly

Thr

Met

Gly

205

Gly

Met

His

Val

Tyr

285

Gly

Ile

Val

Ser

Glu

365

Pro

Val

Met

Gly

Ala

Gln

Glu

110

Glu

His

Ser

Arg

Thr

190

Asp

cly

Ile

Glu

His

270

Arg

Lys

Glu

Leu

350

TYp

Val

Asp

His

Lys
430

Thr

Thr

95

Leu

Leu

Gln

Glu

Ser

175

Lys

Lys

Pro

Ser

Asp

255

Asn

val

Glu

Lys

Thr

335

Thr

Glu

Leu

Lys

Glu
415

val

80

Asn

Ser

Asn

His

Met

160

Asp

Lys

Thr

Ser

Arg

240

Pro

Ala

val

Tyr

Thr

320

Leu

Cys

Ser

Asp

Ser

400

Ala

i
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<400> SEQUENCE: 18

gactagcagt ccggaggtag acctttegta gagatg

<210> SEQ ID NO 19

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 19

cggactcaga accacatcta tgattgtatt ggt

<210> SEQ ID NO 20

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 20

Gly Arg Pro Phe Val Glu Met
1 5

<210> SEQ ID NO 21

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 21

acaatcatag atgtggttct gagtccgtet catgg

<210> SEQ ID NO 22

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 22

gataatgcce gggecctttt catggaccct gacaaatg

<210> SEQ ID NO 23

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 23

Val Arg Val His Glu Lys
1 5

<210> SEQ ID NO 24

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 24
gactagcagt ccggaggtag acctttcegta gagatg
<210> SEQ 1D NO 25

<211> LENGTH: 38
<212> TYPE: DNA

36

33

35

38

36
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9%

<213> ORGANISM: Artificial Sequence
<220> PEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 25

ttcectgggca acagcetggat atctatgatt gtattggt

<210> SEQ ID NO 26

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 26

Ile Gln Leu Leu
1

<210> SEQ ID NO 27

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 27

atccagctgt tgcccaggaa gtcgetggag ctgctggta

<210> SEQ ID NO 28

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 28

attttcatge acaatgacct cggtgetete ccgaaateg

<210> SEQ ID NO 29

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 29

tcatagatat ccagetgttg cccaggaagt cgetggag

<210> SEQ ID NO 30

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> PEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 30

gataatgcce gggccatttt catgcacaat gacctcggt
<210> SEQ ID NO 31

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 31

Val Ile Val His Glu Asn
1 S

38

39

39

38

39

!
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96

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO
LENGTH: 10
TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

32

OTHER INFORMATION: modified Fltl receptor

<400> SEQUENCE: 32

Lys Asn Lys Arg Ala Ser Val Arg Arg
1 5

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Asn Ala Ser Val Asn Gly Ser Arg

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO
LENGTH: 8
TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

33

OTHER INFORMATION: modified Fltl receptor

SEQUENCE:

SEQ ID NO
LENGTH: 10
TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

33

5

34

OTHER INFORMATION: modified Fltl receptor

SEQUENCE:

Lys Asn Lys Cys

1

<210>
<21l>
<212>
<213>

<400>

SEQ ID NO
LENGTH: 4
TYPE: PRT
ORGANISM:

SEQUENCE :

Ser Lys Leu Lys

1

<210>
<211>
<212>
<213>

<400>

SEQ ID NO
LENGTH: 9
TYPE: PRT
ORGANISM:

SEQUENCE :

Lys Asn Lys Arg

1

<210>
<211>
<212>
<213>

<400>

SEQ ID NO
LENGTH: 4
TYPE: PRT
ORGANISM:

SEQUENCE:

Thr Ile Ile Asp
1

<210>
<21l>
<212>
<213>

SEQ ID NO
LENGTH: 4
TYPE: PRT
ORGANISM:

34

Ala Ser Val Arg Arg Arg

5

Homo sapiens

35

36

Homo sapiens

36

Ala Ser Val Arg Arg

5

37

Homo sapiens

37

38

Homo sapiens

d
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97

98

-continued

<400> SEQUENCE: 38

Val Val Leu Ser
1

We claim:
1. A method of inhibiting vascular endothelial growth
factor (VEGF) activity in a mammal, comprising:
administering a pharmaceutical composition to the mam-
mal, wherein the pharmaceutical composition com-
prises

(a) a VEGF antagonist, and

(b) a pharmaceutically acceptable carrier

wherein the VEGF antagonist comprises a dimeric fusion
polypeptide comprising two fusion polypeptides, each
fusion polypeptide comprising:

(i) a VEGF receptor component consisting of an immu-
noglobulin-like (Ig) domain 2 of a first VEGF receptor
human Fltl and Ig domain 3 of a second VEGF
receptor human Flk1 or human Flt4; and

(ii) a multimerizing component,

wherein VEGF activity is inhibited.

2. The method of claim 1, wherein the mammal is a

human.

10

20

25

3. A method of inhibiting tumor growth in a mammal,

comprising:

administering a pharmaceutical composition to the mam-
mal, wherein the pharmaceutical composition com-
prises

(a) a VEGF antagonist, and

(b) a pharmaceutically acceptable carrier

wherein the VEGF antagonist comprises a dimeric fusion
polypeptide comprising two fusion polypeptides, each
fusion polypeptide comprising:

(i) a VEGF receptor component consisting of an immu-
noglobulin-like (Ig) domain 2 of a first VEGF receptor
human Flt] and Ig domain 3 of a second VEGF
receptor human Flk1 or human Flt4; and

(ii) a multimerizing component,

wherein tumor growth is inhibited.

* * * * *

i
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Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22813-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
' ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450,

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881
Page 160

Joining Petitioner: Apotex



ATTACHMENT F

Copy of Maintenance Fee Statement
for
U.S. Patent 7,374,758

1

§

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881
Page 161

Joining Petitioner: Apotex



UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

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

Alexandria, VA 22313-1450
WWW.uspto.gov

Customer No 000000000 ISTMT DATE PRINTED
12/20/2011

REGENERON PHARMACEUTICALS, INC
777 OLD SAW MILL RIVER ROAD
TARRYTOWN NY 10591

MAINTENANCE FEE STATEMENT

According to the records of the U.S.Patent and Trademark Office (USPTO), the maintenance fee and any necessary surcharge
have been timely paid for the patent listed below. The "PYMT DATE" column indicates the payment date (i.e., the date the
payment was filed).

The payment shown below is subject to actual collection. If the payment is refused or charged back by a financial institution, the
payment will be void and the maintenance fee and any necessary surcharge unpaid.

Direct any questions about this statement to: Mail Stop M Correspondence, Director of the USPTO, P.O.Box 1450, Alexandria,
VA 22313-1450.

uUs. PATENT APPL.
PATENT SUR PYMT APPLICATION ISSUE FILING PAYMENT SMALL ATTY DKT
NUMBER _ FEE AMT _ CHARGE DATE NUMBER DATE DATE YEAR ENTITY? NUMBER
7374,758  $1,130.00 $0.00 1114/11 11/016,503 05/20/08 12/17/04 04 NO QR 0710 (A2)

PTOL-439 (Rev. 09/2006)

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881
Page 162

Joining Petitioner: Apotex



ATTACHMENT G

Copy of Holash et al. PNAS 99(17):11393-
11398 (2002)

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881
Page 163

Joining Petitioner: Apotex



VEGF-Trap: A VEGF blocker with potent

antitumor effects

Jocelyn Holash*, Sam Davis, Nick Papadopoulos, Susan D. Croll, Lillian Ho, Michelle Russell, Patricia Boland, Ray Leidich,
Donna Hylton, Elena Burova, Ella loffe, Tammy Huang, Czeslaw Radziejewski, Kevin Bailey, James P. Fandl, Tom Daly,
Stanley J. Wiegand, George D. Yancopoulos, and John S. Rudge

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

Communicated by P. Roy Vagelos, Merck & Co., Inc., Bedminster, NJ, July 2, 2002 {received for review April 19, 2002)

Vascular endothelial growth factor (VEGF) plays a critical role
during normal embryonic angiogenesis and also in the pathological
angiogenesis that occurs in a number of diseases, including cancer.
Initial attempts to block VEGF by using a humanized monoclonal
antibody are beginning to show promise in human cancer patients,
underscoring the importance of optimizing VEGF blockade. Previ-
ous studies have found that one of the most effective ways to block
the VEGF-signaling pathway is to prevent VEGF from binding to its
normal receptors by administering decoy-soluble receptors. The
highest-affinity VEGF blocker described to date is a soluble decoy
receptor created by fusing the first three Ig domains of VEGF
receptor 1 to an Ig constant region; however, this fusion protein
has very poor in vivo pharmacokinetic properties. By determining
the requirements to maintain high affinity while extending in vivo
halflife, we were able to engineer a very potent high-affinity VEGF
blocker that has markedly enhanced pharmacokinetic properties.
This VEGF-Trap effectively suppresses tumor growth and vascular-
ization in vivo, resulting in stunted and almost completely avas-
cular tumors. VEGF-Trap-mediated blockade may be superior to
that achieved by other agents, such as monoclonal antibodies
targeted against the VEGF receptor.

he sprouting of new blood vessels, termed angiogenesis, is

required to support growth in the embryo and young animal,
as well as to allow for repair and remodeling processes in the
adult. However, aberrant angiogenesis is also associated with a
number of pathological conditions and diseases, including cancer
(1, 2). Tumors, like many normal tissues, use the vasculature as
a means to obtain oxygen and nutrients and to remove waste
products. Although tumors can in part grow by coopting existing
host vessels (3—-6), most tumors also induce new vessel formation,
suggesting that this neovascularization is required for their
growth (1, 2, 7). Consequently, much effort has been directed
toward discovering antiangiogenic agents and evaluating them as
cancer therapeutics. Perhaps the best characterized and most
highly validated antiangiogenic approach involves targeting the
vascular endothelial growth factor (VEGF) pathway (1, 8-11).
Based on numerous animal studies, the VEGF pathway is the
only well-defined signaling pathway known to be required for
normal development of the vasculature as well as for the
pathologic angiogenesis that accompanies cancer and other
disease states (8-10).

The VEGF pathway is initiated when VEGF binds to its
receptors on endothelial cells. The two best characterized VEGF
receptors are termed VEGF receptor 1 (VEGFR1) and VEGF
receptor 2 (VEGFR2). VEGFR1 and VEGFR2 are highly
related transmembrane tyrosine kinases that use their ectodo-
mains to bind VEGF; this binding in turn activates the intrinsic
tyrosine kinase activity of their cytodomains, initiating intracel-
lular signaling. Interestingly, although VEGFR1 binds to VEGF
with substantially higher affinity, most of the biologic effects of
VEGEF seem to be mediated via VEGFR2. In animals, blockade
of the VEGF pathway has been achieved by many different
means, including blocking antibodies targeted against VEGF
(12-14) or its receptors (15), soluble decoy receptors that

www.pnas.org/cgi/doi/10.1073/pnas.172398299

prevent VEGF from binding to its normal receptors (16-20), as
well as small molecule inhibitors of the tyrosine kinase activity
of the VEGFRs (21-23). Recently, a study that compared the
efficacy of VEGF blockade to other “antiangiogenic” strategies
established that this approach is superior to many others (ref.
11). Consistent with predictions from animal studies, blockade
of VEGF using a humanized monoclonal antibody has emerged
as the first and thus far only antiangiogenesis approach reporting
promising results in human cancer patients, based on prelimi-
nary reports from early clinical trials.” The hope is that anti-
VEGF approaches can be generalized to many different types of
cancer, as well as to other diseases in which pathologic angio-
genesis contributes, such as diabetic retinopathy and psoriasis.

The clinical promise of initial anti-VEGF approaches high-
lights the need to optimize blockade of this pathway. Previous
studies have found that one of the most effective ways to block
the VEGF signaling pathway is to prevent VEGF from binding
to its normal receptors by administering decoy VEGF receptors
(11, 16, 17, 24). The highest-affinity VEGF blocker described to
date is a soluble decoy receptor created by fusing the first three
Ig domains of VEGFRI to the constant region (Fc portion) of
human IgGT1, resulting in a forced homodimer that has picomolar
binding affinity (16, 17). In tumor experiments, this VEGFR1-Fc
reagent is efficacious at approximately 500-fold lower concen-
tration than a similar VEGFR-2 construct (11). Despite its high
affinity, the VEGFR1-Fc is not a feasible clinical candidate
because of its poor pharmacokinetic profile; in rodent studies,
this protein has to be administered frequently and at very high
levels to achieve efficacious levels (16, 17, 24). In addition, the
VEGFRI1-Fc exhibits certain toxicological side effects that are
not seen with the VEGFR2-Fc (11). These effects appear to be
due to nonmechanism-based and nonspecific properties of this
agent (see Discussion). By determining the requirements to
maintain high affinity while extending in vivo half life, we were
able to engineer a very potent high-affinity VEGF blocker that
has prolonged in vivo pharmacokinetics and pharmacodynamics,
lacks nonspecific toxicities, and can effectively suppress the
growth and vascularization of a number of different types of
tumors in vivo.

Materials and Methods

Engineering VEGF-Traps. The parental VEGF-Trap was created by
fusing the first three Ig domains of VEGFR1 to the constant
region (Fc) of human 1gG1. VEGF-Trapap; was created by
removing a highly basic 10-aa stretch from the third Ig domain
of the parental VEGF-Trap. VEGF-Trapas: was created by
removing the entire first Ig domain from VEGF-Trapas:-
VEGF-Trapgjr2 was created by fusing the second Ig domain

Abbreviations: VEGF, vascular endothelial growth factor; VEGFR1, VEGF receptor 1;
VEGFR2, VEGF receptor 2; AUC, area under the curve.

*To whom reprint requests should be addressed. E-mail: jocelyn.holash@regeneron.com.

tYang, J., Haworth, L., g, S, 9.5 & y, W. (2002) Am. Soc. Clin.
Oncol. (abstr. 15).
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of VEGFR1 with the third lg domain of VEGFR2. All of the
VEGF-Trap variants were produced and purified from Chinese
hamster ovary cells.

Pharmacokinetic Analysis of VEGF-Traps. BALB/c mice (25-30 g)
were injected s.c. with 4 mg/kg of the various Traps and bled at
1, 2, 4, 6, 24, 48, 72, and 144 hr after injection. Levels of all
VEGF-Traps were measured by an ELISA by using human
VEGF¢s to capture and an antibody to the human Fc region as
the reporter.

Extracellular Matrix (ECM)-Binding Assay. ECM-coated plates
(Becton Dickinson no. 35-4607) were incubated with varying
concentrations of VEGF-Traps for 1 hr at room temperature.
They were washed and incubated with alkaline phosphatase-
conjugated anti-human Fc antibody (Promega, 1:4,000 in PBS +
10% BCS) for 1 hr at room temperature. Plates were washed four
times with PBS + 0.1%Triton-X 100 and reagent buffer added
for color development. Plates were read at 405-570 nm.

VEGF-Trap-Binding Assay. Binding affinities of VEGF-Traps were
measured by using a specific and sensitive ELISA (R&D Systems
kit no. DVEQ0) for detecting free (unbound) human VEGF in
mixtures of the VEGF-Traps (ranging in concentration from 0.1
to 160 pM) with human VEGF¢s (at 10 pM), incubated over-
night at room temperature.

Human Umbilical Vein Endothelial Cell Phosphorylation Assay. Con-
fluent monolayers of human umbilical vein endothelial cells [Vec
Technologies (Rensselaer, NY) passage no. 5] were serum-starved
for 2 hr and then challenged for 5 min with vehicle or 40 ng/ml of
human VEGF;es, alone or preincubated with VEGF-Traps at
1.5-fold molar excess. Cells were then lysed, immunoprecipitated by
using a VEGFR2-specific antibody, and immunoblotted with
a phosphotyrosine-specific antibody (Upstate Biotechnology,
4G10 mAb).

VEGF-Induced Proliferation Assay. Cells that proliferate in response
to VEGF were generated by stably transfecting NIH 3T3 cells
with a VEGFR2/TrkB chimeric receptor (in which the cytodo-
main of VEGFR2 was replaced with that of TrkB, a receptor for
brain-derived neurotrophic factor that effectively drives prolif-
eration in these cells). Five thousand cells were plated per well
of a 96-well plate, allowed to settle for 2 hr, incubated for 1 hr
with VEGF-Trap variants (titrated from 40 nM to 20 pM), then
challenged for 72 hr with human VEGF ;s at a concentration of
1.56 nM, followed by addition of [3-(4,5 dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium,
innersai and spectrophotometric analysis at 450/570 nm.

Acute Hypotension. Male Wistar-Kyoto rats (180-240 g) from
Taconic Laboratories were maintained on a 12:12 light/dark cycle
(lights on 0600) with food and water available ad libitum. Before
challenge with VEGF, animals were pretreated with VEGF-Traps
or PBS as indicated, anesthetized with 1.5-2% isof lurane in oxygen,
and the left femoral artery catheterized for direct measurement of
systolic blood pressure through a blood pressure transducer (IITC,
Woedland Hills, CA) into a chart recorder (Linseis, Princeton
Junction, NJ). Animals were then injected in the right jugular vein
with a 200-p! bolus containing 10 pg of recombinant human
VEGFies. Systolic blood pressure was measured before VEGF
injection and every minute thereafter for 20 min. Blood pressures
were normalized to baseline preinjection and analyzed by using
mixed factorial ANOVAs (see supporting information on the
PNAS web site, www.pnas.org).

Tumor Growth Experiments. C6 glioma cells (1.0 X 105 cells/mouse)
and A673 rhabdomyosarcoma cells (2.0 X 106 cells/mouse) were
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Fig. 1. Engineering of VEGF-Traps with improved pharmacokinetics. (A)
Schematics of full-length VEGFR1 (red) and VEGFR2 (blue) are provided,
indicating their seven Ig domains, transmembrane regions (black bars), and
kinase domains (ovals). The parental VEGF-Trap contains the first three Ig
domains of VEGFR1 (including the highly basic 10-aa stretch in g3, blue box)
fused to the Fc portion of human IgG1. VEGF-Trapags is identical to the
parental VEGF-Trap, except that the basic stretch in Ig3 has been removed.
VEGF-Trapas is the same construct as AB1, except that the first Ig domain has
been removed. VEGF-Trapgir2 possesses the second Ig domain of VEGFR1 and
the third Ig domain of VEGFR2 fused to the Fc portion of human IgG1. (8) The
four indicated VEGF-Traps were assayed in vitro for their capacity to bind to
extracellular matrix, with only the parental VEGF-Trap and VEGF-Trapss:
demonstrating binding. (€) Pharmacokinetic analysis of the VEGF-Traps re-
veals that the parental VEGF-Trap has the poorest profile, whereas VEGF-
Traprirz showed the best profile.

obtained from American Type Culture Collection, and B16F10.9
melanoma cells (5.0 X 10° cells/mouse) were a generous gift from
Charles Lin (Duke University, Durham, NC). Cells were suspended
in serum-free medium and implanted s.c. on the shaved right flank
of male C.B-17 SCID mice at the indicated concentrations. After
tumor cell implantation and twice weekly thereafter for the dura-
tion of the experiment, mice received a s.c. injection (at the nape of
the neck) of vehicle (PBS + 0.5% glycerol), VEGF-Trap, or DC101
(from American Type Culture Collection). After 2-3.0 weeks,
animals were killed and tumors were measured ex vivo with calipers
(tumor volume = length X width X height). For immunohisto-
chemistry studies, mice were perfused with 4% paraformaldehyde,
and tissue was processed as previously described (25).

Results

Reengineering Parental VEGF-Trap to Improve Its Pharmacokinetic
Profile. On the basis of the previously reported high affinity of a
soluble decoy receptor in which VEGFR1 is fused to the Fc¢
portion of human IgG1 (16, 17), we produced this fusion protein
to study its properties (see parental VEGF-Trap, Fig. 14). Single
s.c. injections of parental VEGF-Trap (4 mg/kg) into mice were

Holash et al.

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881

Page 165

Joining Petitioner: Apotex



performed to confirm that it indeed displayed poor pharmaco-
kinetic properties, with a maximal concentration (Cmax) of only
0.05 pg/ml and total “area under the curve concentration”
(AUC) of 0.04 pg X days/ml (Fig. 1C). We postulated that these
poor pharmacokinetic properties might be due to the high
positive charge of this protein (pl 9.4), which in turn may result
inits deposition at the site of s.c. injection because of nonspecific
adhesion to highly negatively charged proteoglycans that com-
prise the extracellular matrix. To test this hypothesis, we next
engineered several variants of the parental VEGF-Trap with
reduced positive charges. On review of the charge density in the
parental molecule, we noted a highly basic stretch of 10 amino
acids in the third Ig domain of VEGFR1 (see blue box in Fig.
14). To reduce the charge, this region was excised, resulting in
a decrease in the pl of this VEGF-Trap (termed VEGF-Trapag;
see Fig. 14) from 9.4 to 9.1. It was also noted that the first 1g
domain of VEGFR1 had a basic pl, and we thus decided to test
removal of this domain as well as the above-noted basic region,
resulting in a protein termed VEGF-Trapag: (Fig. 14), with a
further reduced pl of 8.9. Finally, because the third Ig domain of
VEGFR2 has a lower pl than the corresponding domain of
VEGFR1, we simply switched these domains to make a Trap in
which the second lg domain of VEGFRI is directly fused to the
third Ig domain of VEGFR2; this trap was termed VEGF-
Traprirz (Fig. 14) and had a pl of 8.82. Previous structural
analyses indicated that VEGFR1 might make greater use of its
second Ig domain in contacting VEGF, whereas VEGFR2
instead makes greater use of its third Ig domain (26), raising the
interesting and useful possibility that VEGF-Trapgrir2 might
actually bind more tightly to VEGF than the parental versions.
Combining the distinct binding regions of two different recep-
tors to create a higher-affinity interactor has previously been
used in the creation of a series of interleukin and cytokine
blockers also termed Traps (A. Economides, L. Rocco Carpen-
ter,J.S.R., V. Wong, E. Koehler-Stec, C. Hartnett, E. Pyles, T.D.,
M. Young, J.P.F., Frank Lee, Scott Carver, Jennifer McNay,
K.B,, S. Ramakanth, R. Hatabarat, C.R., T.H., G.D.Y., and
N. Stahl, unpublished results). Using a simple extracellular
matrix-binding assay, we then confirmed the hypothesis that
decreasing the positive charge of the VEGF-Traps would result
in decreased adhesion to extracellular matrix (Fig. 1B). Binding
to extracellular matrix in this assay was directly related to the pl
of the Traps, with both VEGF-Traprir2 and VEGF-Trapasz
displaying negligible binding in this assay.

On the basis of the above results, we next tested these various
VEGF-Traps in vivo for their pharmacokinetic behavior. Their in
vivo behavior followed the theoretical charge predictions as well as
the in vitro adhesion properties. Every reduction in pl was accom-
panied by a corresponding improvement in Cpax and AUC: VEGF-
Trapap) had a Cpax 0f 1.3 pg/ml and an AUC of 1.36 ug X days/ml;
VEGF-Trapag: had a Cpax 0f 2.65 ng/ml and an AUC of 5.42 ug X
days/ml; whereas VEGF-Trapgr; revealed the best profile with a
Cmax Of 16 pg/ml and an AUC of 36.28 ug X days/ml (Fig. 1C).
Thus, VEGF-Trapgr g2 had an AUC that was almost 1,000-fold
higher than that of the parental VEGF-Trap, raising the possibility
that it might be a far superior pharmacologic agent, assuming it
retained its ability to bind and block VEGF.

Comparison of Parental VEGF-Trap with VEGF-Traprisz in Binding,
Phosphorylation, and Cell Proliferation Assays in Vitro. Because of the
superior pharmacokinetic properties of VEGF-Trapgrir2, wWe next
compared this Trap to its parent for its ability to bind and block
VEGF in vitro. To determine binding affinity of the Traps for
VEGF, equilibrium binding assays were performed in which dif-
ferent concentrations of the Traps were incubated with VEGFiss,
and the amount of unbound VEGF s was measured, revealing that
parental VEGF-Trap displays a kD of =5 pM, whereas VEGF-
Traprir2 has a binding affinity of about 1 pM (Fig. 24). Preliminary
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fig. 2. Binding affinity and inhibitory properties of VEGF-Traps. (A) Affini-
ties of indicated VEGF-Traps for VEGF, as determined by using a binding assay
that measures unbound VEGF (ordinate) after incubation of 10 pM of human
VEGFs6s with varying concentrations of VEGF-Traps (abscissa). (8) Inhibition of
VEGF-induced phosphorylation of VEGFR2 in human umbilical vein endothe-
lial cell phosphorylations using indicated VEGF-Traps at 1.5-fold molar excess,
as revealed with immunoblotting assay. (C) Inhibition of VEGF-induced pro-
liferation of fibroblasts containing a chimeric VEGFR2/TrkB receptor, using
varying concentrations of VEGF-Traps in the presence of 1.56 nM of VEGF.

analyses show that VEGF-Trapgrir: has a kD of =1-10 pM for
VEGFi21 and approximately 45 pM for placental growth factor 2
(not shown); other VEGF isoforms and relatives have not been
analyzed.

To determine whether Trap binding of VEGF could potently and
effectively block the ability of VEGF to activate its receptor, VEGF
and Traps were added to cultured endothelial cells, and the effects
on VEGFR?2 phosphorylation were examined, revealing that both
parental VEGF-Trap as well as VEGF-Trapgir: can completely
block VEGF-induced VEGFR2 phosphorylation when added at a
1.5-fold molar excess compared with the added VEGF, consistent
with very high-affinity binding to VEGF (Fig. 2B). Finally, to assess
whether these Traps would also be effective in cell-based prolifer-
ation assays, we engineered a cell line containing a chimeric
VEGFR?2 receptor that mediates a very strong proliferative re-
sponse to VEGF and found that both parental VEGF-Trap and
VEGF-Traprir: potently blocked VEGF-induced proliferation in
3-day growth assays in these cells, with an ICso at approximately an
equimolar concentration of Trap with the added VEGF, once again
consistent with very high-affinity binding of the Traps for VEGF

(Fig. 2C).

VEGF-Trapgir2 Provides Long-Term Blockade of Exogenously Admin-
istered VEGF-Induced Acute Hypotension. The above studies indi-
cated that VEGF-Trapgir2 was at least as impressive a blocker
of VEGF as the parental version, but that it had far superior
pharmacokinetic properties. To initially explore whether these
attributes translated into superior pharmacodynamic perfor-
mance, we compared these reagents by using an acute readout
of VEGF responsiveness in vivo. Administration of a single bolus
dose (10 pg) of recombinant VEGF¢s to rats results in acute
hypotension, with a drop of about 40% from baseline systolic
blood pressure; this drop is maximal at 5 min and slowly rectifies
to normal by about 30 min (Fig. 34). To compare the pharma-
codynamic efficacy of the VEGF-Traps in blocking this acute
response, we preadministered the parental VEGF-Trap or
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Fig. 3. Using blockade of VEGF-induced acute hypotension to pharmaco-
dynamically compare VEGF-Traps. (A) When rats were treated with VEGF-Traps at
25 mg/kg at 1 day before VEGF challenge, VEGF-Trapairz (n = 8) completely
blocked VEGF-induced hypotension, whereas PBS (n = 6) and parental VEGF-Trap
(n = 6) were ineffective. ANOVA shows treatment effect, P < 0.007. (8) At a 5-fold
lower dose (5 mg/kg), VEGF-Trapgir2 was still effective at 1 day (n = 4) or 3days
(n = 3) before the VEGF challenge. ANOVA shows treatment effect, P < 0.03.

VEGF-Trapgir: at 25 mg/kg, 24 hr before VEGF administra-
tion (Fig. 34). Consistent with what would be expected from the
above pharmacokinetic studies, this dose of VEGF-Trapgir:
completely blocked VEGF-induced hypotension, whereas the
parental VEGF-Trap had no discernable effect. Thus, although
the parental VEGF-Trap and its VEGF-Trapgir: derivative are
quite comparable in vitro (see above), the VEGF-Traprir:z
performs much better in vivo, presumably because of its dra-
matically enhanced pharmacokinetic profile.

To further characterize the length of time in which VEGF-
Trapgrirz remained efficacious, we waited 1, 3, and 7 days after
injection of the Trap at 5 mg/kg before inducing hypotension. At
this dose, VEGF-Trapgir2 was completely effective in blocking
VEGF-induced acute hypotension at 1 and 3 days after a single
bolus (Fig. 3B) but was not significantly different from controls
at 7 days (data not shown).

VEGF-Trapgirz Dramatically Blocks Tumor Growth in Vivo. Altogether,
the above pharmacokinetic and pharmacodynamic studies indi-
cated that VEGF-Trapgr: has the potential to be a long-term
and potent pharmacologic blocker of VEGF-mediated activities
in vivo, far superior to that of parental VEGF-Trap. To begin to
explore the value of VEGF-Trapg;rz as an anticancer thera-
peutic and to compare it to other effective agents targeting the
VEGF pathway, we evaluated its ability to block the growth of
a variety of tumor cell lines in s.c. tumor models in mice. Tumor
cells were derived from diverse tissue origins and different
species (mouse B16F10.9 melanoma, human A673 rhabdomyo-
sarcoma, and rat C6 glioma). After implantation of tumor cells,
mice were allowed a brief recovery period and then received s.c.
injections of VEGF-Trapgir2 (25 mg/kg) or vehicle twice weekly
for the duration of the experiment (2-3.0 weeks), after which the
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Fig.4. VEGF-Trapgirz dramatically inhibits the s.c. growth and vascularity of
implanted tumors from diverse tissues and species. {A) VEGF-Trap rir2 sub-
stantially blocked the growth of the indicated s.c. implanted tumors, at the
indicated doses twice weekly for 2 weeks (C6 and B16F10.9) or 3.0 weeks
(A673). Error bars represent standard error of mean, n = five mice/treatment
group. The differences between control tumor volumes and VEGF-Traprirz—
treated tumor volumes were analyzed by using Student’s t tests and found to
be significant at the following levels: B16F10 P = 0.01; A673 P = 0.06; C6 P <
0.0001. (B-D) Histological analysis reveals that VEGF-Traprirz can effectively
block blood vesse! growth in these implanted tumors. Sections of C6 tumors
stained with antibodies to platelet-endothelial cell adhesion molecule reveal
that vehicle-treated animals had large tumors that were highly vascularized
(B), whereas animals treated with 25 mg/kg VEGF-Trapairz (C) had tumors that
were largely avascular with large areas of necrosis (N). Viable tumor appeared
to be vascularized because of cooption of preexisting host vessels (white
arrowheads) associated with hypodermal musculature (M) and dermis. Treat-
ment with 2.5 mg/kg VEGF-Traprirz greatly stunted tumor growth (C} and
resulted in large necrotic regions (N), atthough smal! pockets of vessels were
occasionally apparent (black arrows). {Bar = 100 um.)

animals were killed and tumors excised and measured. VEGF-
Trapgir: significantly inhibited the growth of all three types of
tumors (Fig. 44). In the study using C6 glioma cells, a 10-fold
lower dose of VEGF-Traprirz (2.5 mg/kg) was tested and found
to be equally effective at inhibiting tumor growth.

To evaluate the effects of VEGF-Trapgrir2 on tumor-associated
angiogenesis, the tumors from the above studies were sectioned and
immunostained with antibodies to platelet-endothelial cell adhe-
sion molecule, so that the vasculature could be visualized (Fig. 4
B-D). This analysis revealed that the higher dose of VEGF-
Traprirz almost completely blocked tumor-associated angiogene-
sis, with the stunted tumors being largely avascular, save for regions
in which preexisting host vessels appeared to be coopted by
surrounding tumor (see open arrowheads, Fig. 4C). The lower dose
of VEGF-Traprirz, which was quite comparable at inhibiting
tumor growth (see above), appeared to be slightly less effective at
completely blocking tumor-associated angiogenesis, allowing for
small pockets of tumor-associated vessels in otherwise avascular
tumors (see black arrowheads in Fig. 4D). In contrast to the
VEGF-Trap-treated tumors, control tumors in vehicle-treated mice
not only were much larger (see above) but also had a very high
vascular density (Fig. 4B).
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Fig. 5. VEGF-Traprirz blocks tumor growth (of subcutaneously implanted
816F10.9 cells) at far lower concentrations than DC101, a monocional antibody
directed to VEGFR2. Mice were treated twice weekly with the indicated dose of
VEGF-Traprir2, DC101, or vehicle. After 2.5 weeks, mice were killed, and tumors
were excised and measured. Individual tumor volumes are shown (colored bars),
as are average tumor volumes for each treatment (black bars) = SEM, n = six
mice/treatmentgroup. Differences between treatment groups were analyzed by
using a one-way ANOVA followed by Fisher's protected least significant differ-
ence test. Average volume of tumors in all treatment groups is significantly
smaller than control tumor volume (P < 0.01). Differences in tumor volume
between the high-dose VEGF-Trap, low-dose VEGF-Trap, and high-dose DC101
treatment groups are not significantly different, but they are significantly dif-
ferent from those of the low-dose DC101 treatment group (P < 0.02).

VEGF-Trapair2 Compares Favorably with Antibodies Targeting VEGFR2.
After establishing that VEGF-Traprirz was effective at blocking
s.c. tumor growth, we undertook studies to compare its efficacy with
other known VEGF blockers. One particularly effective and well-
characterized blocker is a monoclonal antibody, termed DC101,
that targets VEGFR2 (15). When equimolar doses of VEGF-
Traprirz and DC101 were compared in the B16F10 melanoma
model, it was apparent that much higher doses of DC101 are
required to inhibit tumor growth (Fig. 5). Furthermore, because
antibodies have longer circulation times in mice than simple Fc
fusion proteins, the highly efficacious dose of DC101 accumulates
to approximately 60-fold higher serum levels than that of the
equally efficacious low dose of VEGF-Trap: circulating levels of
DC101 in animals treated with the 40-mg/kg dose were 2,442 + 272
pg/ml, in contrast to the circulating levels of VEGF-Trap in
animals treated with 3.2 mg/kg, which were 40 * 8 ug/ml. Thus,
circulating levels of VEGF-Trap that were approximately 60-fold
lower than those of DC101 were equally efficacious in inhibiting
tumor growth. Importantly, the favorable allometric scaling of Fc
fusion proteins relative to antibodies (27, 28) suggests that in
humans the circulation time for the VEGF-Trap will be much more
comparable to that of antibodies, which in turn suggests that in
humans the difference in efficacious doses would be further mag-
nified and may be as great as 60-fold.

As described in an accompanying manuscript (29), when used
at the same dose, VEGF-Trap shows efficacy equal to or better
than a monoclonal antibody to VEGF (30). As noted above,
because Fc fusion proteins have much shorter circulating half-
lives than antibodies in mice, but comparable half-lives in
humans, the finding that the VEGF-Trapgrr: is at least as potent
as the monoclonal antibody in mice suggests that the efficacious
dose of VEGF-Trap will be much lower than that of the
monoclonal antibody in humans.

Discussion

Validation of VEGF as an important new target in the war
against cancer comes from pioneering clinical studies using a
humanized monoclonal antibody that binds and blocks VEGF.
Because anti-VEGF approaches act by blocking tumor-associated
angiogenesis, which appears to be widely required by many different
types of tumors, these approaches may prove to be generally useful
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against a wide assortment of cancers. In addition, pathological
angiogenesis seems to contribute to a number of non-neoplastic
diseases, such as diabetic retinopathy (31) and psoriasis (32),
extending the potential utility of anti-VEGF therapeutics. All this
promise highlights the need to optimize anti-VEGF approaches.
Herein we describe the engineering of an anti-VEGF agent, termed
VEGF-Traprirz2. VEGF-Traprir: is a derivative of perhaps the
most potent VEGF binder known, VEGFR1. Soluble forms of
VEGFR1 suffer from poor pharmacokinetic properties, which
seem to correlate with their nonspecific interactions with extracel-
lular matrix. VEGF-Traprirz was engineered to have minimal
interactions with extracellular matrix, and this property apparently
accounts for its satisfying pharmacokinetic profile. The combina-
tion of high-affinity and improved pharmacokinetics apparently
contributes toward making VEGF-Trapg;r2 one of the most, if not
the most, potent and efficacious VEGF blocker available. An
additional advantage is that VEGF-Trapgr2 is composed of en-
tirely human sequences, hopefully minimizing the possibility that it
might prove immunogenic in human patients. Despite its wholly
human nature, VEGF-Trapg;r2 binds all species of VEGF tested,
from human to chicken VEGF (not shown), making it a very
versatile reagent that can be used in almost any experimental
animal models.

A recent study comparing numerous antiangiogenesis ap-
proaches concluded that anti-VEGF approaches were the most
efficacious (11). The particular anti-VEGF agent used for these
studies was essentially equivalent to our parental VEGF-Trap
but was delivered in an adenoviral system in which it was highly
expressed in the livers of infected animals. In contrast to other
anti-VEGF approaches that seem to be well-tolerated, the
adenovirally delivered VEGF-Trap caused severe liver toxicity
and ascites, raising the possibility that it might have some unique
mechanism-based side effects compared with other anti-VEGF
approaches. To explore this possibility, we made adenoviral
versions of both the parental VEGF-Trap as well as VEGF-
Traprirz and found that, whereas adenoviral delivery of paren-
tal VEGF-Trap reproduces the previously reported toxicities
(11), adenoviral delivery of VEGF-Traprir2 did not cause these
side effects even though much higher levels were achieved in the
circulation. Our conclusion is that the nonspecific interactions of
the parental VEGF-Trap with extracellular matrix contribute to
its increased toxicity after adenoviral administration, and that
comparable toxicity is not noted with adenoviral administration
of the engineered VEGF-Trapgrir2-

In addition to the anticancer findings reported here, recent
studies have shown that various versions of the VEGF-Trap can
efficaciously treat a cancer-associated condition in mice similar
to liver peliosis (33), as well as noncancer-associated disease
models, such as of diabetic retinopathy (34-36) and psoriasis
(Y.-P. Xia, M. Detmar, G.D.Y., and J.S.R., unpublished results).
The accompanying manuscript (29) compares the efficacy of the
VEGF-Trap to that of several other VEGF blockers, including
a humanized monoclonal antibody to VEGF, in a model of
kidney cancer. Among the several VEGF blockers tested, the
VEGF-Trap shows the best overall efficacy. In this manuscript,
we compare the efficacy of the VEGF-Trap to that of a
monoclonal antibody to VEGFR2 in cancer models and find that
far lower circulating levels of VEGF-Trapg;r2 are required for
similar efficacy. Tumors treated with highest doses of the
VEGF-Trap are not only stunted but also strikingly avascular.
Our description of a VEGF blocker with such superior blocking and
pharmacologic properties seems to demand that it be tested in
human patients suffering from diseases involving neoangiogenesis.
Toward this end, the safety of the VEGF-Trap has recently been
confirmed in toxicological studies in cynomologus monkeys (data
not shown). Consequently, the VEGF-Trap is currently in human
clinical trials for several different types of cancer.

PNAS | August20,2002 | vol.99 | no.17 | 11397
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C DEPARTMENT OF HEALTH & HUMAN SERVICES A Public Health Service

‘h

Food and Drug Administration
Rockville, MD 20852

Our Reference: BB-IND 12462 MAY 2 4 2005

Regeneron Pharmaceutical Inc.

Attention: William G. Roberts, M.D.

Vice President, Regulatory Development .
777 old Saw Mill River Road t RECEIVED JUN 1.- 2005
Tarrytown, NY 10591

Dear Dr. Williams:

The Center for Drug Evaluation and Research has received your Investigational New Drug
Application (IND). The following product name and BB-IND number have been assigned to
this application. They serve only to identify it and do not imply that this Center either endorses
or does not endorse your application.

BB-IND #: 12462
SPONSOR: Regeneron Pharmaceutical Inc.

PRODUCT NAME: Vascular Endothelial Growth Factor Fc Protein (human,
recombinant, CHO cells, Regeneron)

DATE OF SUBMISSION: May 13, 2005
- DATE OF RECEIPT: May 16, 2005

This BB-IND number should be used to identify all future correspondence and submissions, as
well as telephone inquiries concerning this IND. Please provide an original and two copies of
every submission to this file. Please include three originals of all illustrations which do not
reproduce well.

It is understood that studies in humans will not be initiated until 30 days after the date of receipt
shown above. If this office notifies you, verbally or in writing, of serious deficiencies that
require correction before human studies can begin, it is understood that you will continue to
withhold such studies until you are notified that the material you have submitted to correct the
deficiencies is satisfactory. If such a clinical hold is placed on this file, you will be notified in
writing of the reasons for placing the IND on hold.
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Page 2 — BB-IND 12462

You are responsible for compliance with applicable portions of the Public Health Service Act.
the Federal Food, Drug, and Cosmetic Act, and the Code ot Federal Regulations (CFR). A copy
of 21 CFR Part 312, pertaining to INDs, is enclosed. Copies of other pertinent regulations are
available from this Center upon request. The following points regarding obligations of an IND
sponsor are included for your information only, and are not intended to be comprehensive.

Progress reports are required at intervals not exceeding one year and are due within 60 days of
the anniversary of the date that the IND went into effect {21 CFR 312.33]. Any unexpected fatal
or immediately life-threatening reaction associated with use of this product must be reported to
this Division by telephone or facsimile transmission no later than seven calendar days after initial
receipt of the information. All serious, unexpected adverse experiences, as well as results from
-animal studies that suggest significant clinical risk, must be reported, in writing, to this Division
and to all investigators within fifteen calendar.days after initial receipt of this information [21
CFR 312.32].

As required by the Food and Drug Modernization Act and the Best Pharmaceuticals for Children
Act, you are also responsible for registering certain clinical trials involving your drug product in
the Clinical Trials Data Bank http://clinicaltrials.gov/ and http://prsinfo.clinicaltrials.gov/. If
your drug is intended for the treatment of a serious or life-threatening disease or condition and
you are conducting clinical trials to test its effectiveness, then you must register these trials in the
Data Bank. Although not required, we encourage you to register effectiveness trials for non-
serious diseases or conditions as well as non-effectiveness trials for all diseases or conditions,
whether or not they are serious or life-threatening. Additional information on registering your
clinical trials, including the required and optional data elements and the FDA Draft Guidance for
Industry, "Information Program on Clinical Trials for Serious or Life-Threatening Diseases and
Conditions," is available at the Protocol Registration System (PRS) Information Site
http://prsinfo.clinicaltrials.gov/.

Charging for an investigational product in a clinical trial under an IND is not permitted without
the prior written approval of the FDA.

Prior to use of each new lot of the investigational biologic in clinical trials, please submit the lot
number, the results of all tests performed on the lot, and the specifications when established (i.e.,
the range of acceptable results).

If not included in your submission, please provide copies of the consent forms for each clinical
study. A copy of the requirements for and elements of informed consent are enclosed. Also,
please provide documentation of the institutional review board approval(s) for each clinical
study.

All laboratory or animal studies intended to support the safety of this product should be
conducted in compliance with the regulations for "Good Laboratory Practice for Nonclinical
Laboratory Studies" (21 CFR Part 58, copies available upon request). If such studies have not
been conducted in compliance with these regulations, please provide a statement describing in
detail all differences between the practices used and those required in the regulations.
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Page 3 - BB-IND 12462

Item 7a of form FDA 1571 requests that either an "environmental assessment," or a "claim for
categorical exclusion” from the requirements for environmental assessment, be included in the
IND. If you did not include a response to this item with your application, please submit one.
See the enclosed information sheet for additional information on how these requirements may be
addressed.

Please refer to http://www.fda.gov/cder/biologics/default.htm for important information
regarding therapeutic biological products, including the addresses for submissions. Effective
Oct. 4, 2004, the new address for all submissions to this application is:

CDER Therapeutic Biological Products Document Room
Center for Drug Evaluation and Research :
Food and Drug Administration

12229 Wilkins Avenue

Rockville, Maryland 20852

Telephone inquiries concerning this IND should be made directly to me at (301) 827-4358. If
we have any comments after we have reviewed this submission, we will contact you.

Sincerely yours,

Regulatory Project Manager

Division of Review Management and Policy
Office of Drug Evaluation VI .

Center for Drug Evaluation and Research

Enclosures (3): 21 CFR Part 312
21 CFR 50.20, 50.25
Information sheet on 21 CFR 25.24
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§6020 General requirements for in-
formed consent.

Bxoopt as provided in §§60.28 and
$0.24, no fnvestigator may Involve a
human being as & subjeot {n research
oovered by these regulations unless the
Investigator hag obtained the legally
effective informed consent of the sub-
Jeot or the subject’s legally authorized
representative. An investigator shall
seek such consent obly under ofr-
oumstances that provide the prospec-
tive subject or the representative suffi-
clent opportunity to consider whether
or not to partioipate and that minimize
the posaibility of coercion or undue tn-
fluence. The information that is given
to the subject or the representative
&hall be 1n language understandable to
the subject or. the representative. No
informed consent, whether oral or writ-'

ten, may include any exoulpatory lan- -

guage through which the subject or the
representative 18 made to wafve or ap-
Ppear to waive any of the subjeot’s legal
rights, or releases or appears to release
the {nvestigator, the sponsor, the insti-
Yution, or its agents from liability for
negligence.

{48 FR 8951, Jan. 27, 1981, as amended at 64
FR 10942, Mar. 8, 1999]

$60.25 Elements of informed consent.

(a) Basic elements of informed consent.
In seeking informed -consent, the fol-
“owing. information shall be provided to

Mch subject: :

) A statement that the .study 1in-
volves research, an explanation of the
purposes of the research and the ex-
pected duration of the subject's partioi-
pation, a description of the procedures
to be followed, and identification of

any procedures which are experi- -

mental. . .

(2) A desoription of any reasonahly
foreseeable risks or discomforts to the
subject,

@) A description of any benefits to.
the subject or to others which may rea-
sonably be expeoted from the research.

(4) A disclosure of appropriate alter-
native procedures or courses of trest-
ment, if any, that might be advan-
tageous to the subjeoct. - .

(6) A statement describing the éx-
tent, if any, to which confidentiality of
records {dentifying the subjeot will be
maintained and that-notes the possi-
bility that the Food and Drug Admin{s-
tration may inspeot the records.

(6) For research involving more than
minimal rigk, an explanation as to
Whether any compensation and an ex-
planation as to whether any medical
treatments are available if fnjury oo-
ours and, if so, what they consist of, or
Where further information may be ob-
tained. .

(7). An explanation of whom to oon-
taot for answers to pertinent.questions
about the research and research sub-
jocts’ rights, and whom to contact in

the event of a research-related injury

to the subject. .
(8) A statement that partioipation is
voluntary, that refusal to partioipate
will {involve no penalty or loss of bene-
fits to which the subject is otherwise
entitled, and that the subjeot may dis-
continae participation at any time
without penalty or loss of bemefits to

* :which the subject is otherwise entitled.

(b) Additional elements of informed con-
sent. When appropriate, one or more of
the following elements of information
shall also be provided to each subjeot:

(1) A statement that the particular
treatment or procedure may involve
risks to the subjeot (or to the embryo
or fetus, if the subject is or may be-
come pregnant) which are currently
unforeseeable. .

(3) Antiolpated circumstances under
which- the subject’s participation may
be terminated by the {investigator
without regard to the subject's con-
gent. ]

* (3) Any-additional costs to the sub-
ject that may result from participation

_in the research.

(4) The consequences of a subject's
decision to withdraw from the research
and procedures for orderly termination
of participation by the subject. .

. (6) A statement that significant new
findings developed during the course of
the research which may relate to the
subject’s willingness to continue par-
ticipation will be provided to the sub-
ject. )

(6) The approximate number of sub-
Jeots involved in the study. ’

(¢) The informed oonsent require-
ments in these regulations are not in-
tended to preempt any applicable Fed-
eral, 8tate, or local laws which require
additional information.to be disolosed
for informed consent to be legally ef-
feotive, . .

(d) Nothing in these regulations is in-
tended to 1imit the authority of a phy-
sician to provide emergency medical
care to the extent the physioian is per-
mitted to do so under applicable Fed-
eral, 8tate, or local law. .
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 Information Sheet for a Claim of Categorical
- Exclusion for an IND Under 21 CFR 25.24

For those wastes generated in the productlon and use of the product which will be
. controlled, pléase include documentation that such waste storage or disposal Is in -

. compliance with federal, state and local requirements for hazardous waste production.
As an alternative, identify any generally recognized; scientifically sourid control
- procedures which have been implemented to reduce the. likelihood of inadvertent

. release of potentially toxic materials into the environment (e.g., compliance with- the

" NIH Guidelines for Research Involving Recombinant DNA Molecules [51 FR 16958
- (1986)] and/or compliance with the EPA Effluent Guidelines and Standards for .

- Pharmaceutical Manufacturing [40 CFR 439]). If these alternatives are not applicable,

a descnpt]on of the control procedures actually used to prevent waste from entering

the environment should be submitted. : .

For those wastes generatéd in the production and use of the product which will not be
- controlled, please list the potentially toxic waste compounds, including the quantities
and concentrations which may be expected to enter the environment from both
- productions of the product and from the intended clinical studies, and briefly describe
the immediate environment into which such release will occur. Further, provide the
| appropriate references or experimental data from which it may be reasonably ‘
. conc{uded that such release is non-toxic. : ‘

I the waste to be generated during the production and proposed investigational use of
this product is either not controlled or is not reasonably expected to be hon-toxic in
the environment to which it will be released, please submit an environmental
. assessment usrng the format described in 21 CFR 25.31. :

If actlons under proposed amendments to this IND substantially alter the quantity,
quality or conditions of waste release in such a way as to alter the basis for either a
claim of categorical exclusion or an environmental assessment, then such

" amendments should be supported by the appropriate data for a claim of categorical

-exclusion or an amended environmental assessment for wastes generated under the
proposed. amendments to this IND.

An investigator sponsored IND for which no additional product manufacturing is
intended will ordinarily have addressed these environmental issues by incarporating

. the manufacturer’s IND or MF by cross reference. However, if the use of the product
- during clinical investigation is expected to resuilt in the uncontrolled release of toxic

materials into the ervironment then an environmental -assessment should be

- submitted. o o

- 3/30/94
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. 5310547

for marketing. In the absence of an ap-
proved new drug application or abbre-
viated new drug application, such prod-
uot 8 also misbranded under ssction
502 of the act. .

(c) Clinfcal Investigations designed
to obtain evidence that any drug prod-
uct labeled, represonted, or promoted
for OTC use for the treatment and/or
preveption of nocturnal lsg muscle
cramps s safe and effective for the purs

pose intended mast comply with the re-

quirerents and procedures governing

the use of investigational new drugs

set forth in part 313 of this chapter.

(d) After February 22, 1095, sy such.
QTC drug product initially {ntroduced
or initially delivered for fntroduction
{nto {nterstats commerce that {s not in

- compliance with this section 18 subject
to regulatory action.

(58 PR 43352, Aug. 32, 1984}

§810547 Drug products coutaining
quinine, offered overthe-counter
10TC) for the treatment and/or pre-
veution of malaria,

(a)} Quinine and quinine salts have
been used OTC for the treatment andior
prevention of malaria, a serious and
potentially life-threatening disease.
Quinine {8 no longer the drug of cholce

for the treatment and/or prevention of -

most types of malaria. In addition,
there are serious and complicating as-
pects of the disease 1tself and some po-
tentially serfous and Iife-threatening
risks assoclated with the use of quinine
at doses smployed for the treatment of
malarla. There {g a lack’ of adequate
data to establish general recognition of
the safety of quinine drug products for
0TC use in the treatment andior pre-
vention of malaria. Therefore, quinine
or quinine salts cannot be safely and
effectively used for the treatment and/

or preventlon of malaria except under -

the care and supervision of a doctor.

{b) Any OTC drug product. containing
quinine or quinine salts that {5 labeled,
represented, or promoted for the treat
ment andior prevention of malaria is
regarded as a new drug within the
meaning of section 201(p) of the act, for
which an approved application or ab-
braviated application under section 505
of the act and part 314 of this chapter
i required for marketing. In the abe
sence of

‘proved new drug applica~

21 CRCA § h-149 Ecion

tlon or abbreviated new drig apphies.
tion, such product fs also misbrandsd
under section 802 of the aet.

() Clinical {nvestigations destgneds
to obtaln evidence that any drug prod:
uct labeled, repressnted, or promoted
for OTC use for the treatment andlor

prevention of malarta 6 safo and effece |

tive for the purpose |ntefded must
comply with the requirements and pro-
cédures governing the use of investige-
tlonal new drugs set forth fn part 312 o
this chapter.

(@) After April 20, 1098, any such OTC
.grog product initially introduced or
inittally delivered for {ntroduction inte
Interstate commerce that fs not fn
compliance with this section ia subject

%o regulatory action.
(63 FR 13528, Mar, 2, 1968)

PART 312=INVESTIGATIONAL NEW
DRUG APPLICATION

Subpart A=Genercl Provisions

Sec.

3121 Scope.

322 Applicability.

323 Definitions and Interpretations.

3125 Labellng of an investigational mew
drug,

3187 Promotion and charging for investige-
tional drugs.

3210 Walvers,

Subport B—Investigational New Drug
Application (IND)

U220 TNequirement for an IND.

31221 Phases of an Invastigation,

31222 General principles of t.he IND submig
slon, -

31223 IND content and forma.b.

31230 Protoco) amendments,

31231 Information amendments.

31237 IND safety roports.

31233 Annua] reports,

31234 Treatment use of an lnvumazlonal
naw drug,

31235 Submissions for treatmient use,

3236 Emergency use of an Inveatlamonal
new drug.

2.3 Withdrawal of an IND,

Subpart C~Administative Actions

31240 Genaral requivementa for use of an in-
* vestigational new drug ln 8 clinical lo-
vestigation.
312341 Comment and advice on an IND,
3242 Clinical holds and roquesta for modl-
fication,

rn

Food and Drug Adminishation’ HHs'"\ &3

2.4 Termln&tion
3245 Innrtive status,
1247 Meatings.

312.48 Dispute resolution.

Subpart D=Responsibilties of Sponsors
and Investigators

3350 General responstbilities of aponsors,

. 31352 Transfer of obligations to & contract

ressarch organization,
3253 Gelecting inveatigatars and monitors.

¢ ot

gt . o %3]2,2

Subpart G=Drugs for lnva:ﬁgcﬂom! Usan

Laboratory Reseatch Antmais of In

“Vitro Tests

31260 Drugs for investigational use in lab-
oralory resealch animals or in vitro
tosts,

AUTHORITY: 31 U.S.C. 303, 331, 51, 350, 33,
385,371 U.SC. %

SOURCE: 52 FR 8831, Mar,-19, 1987, uhles
otherwide noted,

30 Emergency research under §50.24 of -

this ohapter.
31255 Informing {nvestigatora, )
N2.5 Review of ongoing lovestigations.

(1257 Recordkesping and record retention,

{1288 Inspection of sponsor's records and
reports,

3125 Disposition of unused supply of {nves-
tigational drug.

3260 Geners) responsibilities of lnvestln
tors,

31281 Control of the inveatlga.t!onal drug.

8 Investigator  recordkesping  and
record retention.

31264 Tnvestigator reports.

312686 Assurance of IRB review,

31268 Inspection of {nvestlgator's records
and reporta,

31289 Handling of controlled substances,

31270 Disqualification of & clinfcal Investi-
gator,

Subport E~Diugs Infended lo Treat Ufe-
threctening ond Severely-debiltating
" linesses

W80 Purpose,
H28 Seope.
31382 Early conaultation,

A28 Treatment protacols,

3281 Risk-benefit analysls Yin review of
marketing applicattons for drugs to treat
ife-threataning and severely-debilitating
{lInesses,

312,85 Phase 4 studies,

U286 Focused FDA regulatory research.

3281 Active monitoring of condiet abd
ovaluation of clinical trials.

N34 Sefeguards for patient safety.

Subpart F~Miscellansous

318110 Import and e4port requirsments,

U212 Forefmn clinical studies nov con-
duated under an IND, -

82130 Avallabllity for public diaclosure of
data and information in an IND.

313040 " Address for correspondence

. 145 Guldollnes

Subpart A~General Provisions

§8121 Scape.

{a) This part contains procedures and
Tequirements governing the use of ine
vestigational new drugs, {ncluding pro-
cedures and requirements for the sube

mission to, and review by, the Food
end Drug Administration of tnvestige-
tlonal new drug applicatiotis (IND's).
An investigational new drug for which

~40 IND {5 {o-effect in accordance with

this part is exempt from the premar-
keting approval requirements that are
otherwise applicable and may be
shipped lawfully for the purpose of cone
ducting clinical investigations of that
“drug.

(b) References {n this part to regula-
‘tions in the Code of Federal Regula-
tions are o chapter I of title 21, unless
otherwise noted.

§3123 Applicability

(a) Applicability. Except as provided
{n this section, this pars applies to all
clinfcal Investigations of products that "
are subject to sectipn 505 of the Federa]
Food, Drug, and Cobmetic Act or to the
licensing provisions of the Public

‘Health Service Act (58 Stat. 832, as
amended (42 U.S.C. 201 et seg.)).

(b) Ezempions. (1) The clinfeal {nves-
tigation of a drug product that is law- -
fully marketed in the United States is
exempt from the requirements of this
part if all the {ollowing apply:

{1) The investigation Is not intended
to be reported to FDA as a well-con
trolled study o support of a new {ndi-
cation for use nor intended to be used
to support, any other sigaificant change
In the labeling for the drug; .

(1) If the drug that 1s undergoing fn-

“vestigation s lawfully m  “dted as 3
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§3124

preseription drug product, the inves.

tigation {s not Intended to suppott a
" slgnificant change in the advertising

for the product:

(i) The Investigation does not in-

volve & route of administration or dos-

- age level or use {n & patient population

- or other factor that elgnificantly in-

creages the risks (or decreases the ac-

ceptabllity of the risks) assoclated
with the use of the drug product;

(tv) The investigation Is conducted In
compliance with the requirements for
institutional review set forth in part 56
and with the requirements for informed
congent set forth In part §0; aud

(v) The Investigatiog 1s conducted in
compliance with the-requirements of
§312.7,

{0) A clinieal {nvestigation involv-
ing an In vitro diagnostic biological
product Meted in paragraph ()OI of
this section is exempt from the re.

quirementa of this part if (g) 1% 1s in- .

tended to be used in a diagnostic proce.
dure that confirms the diagnosis made
by another, medically established, di-
-+ agnostic product of procedure and (b) it
is shipped In compliance with §312.160.

() In accordance with paragraph
()2)1) of this sectidn, the following
products are exempt from the require-

ments of this part: (a) blood grouping

serum; (b) reagent red blood cells: and
(c)anti-human globulin,

(3) A drug intended solely for tests in
vitro or {n laboratory research animals
13 exempt from the requirements of
this part if shipped tn accordance with
§312.10,

{4) FDA will not accept an applica-

* tlon for an {nvestigation that is ex-
(empt under the provisions of paragraph
{0)1) of this section.

(5)-A clinieal investigation {nvolving
nse of & placebo 1s exempt from the re-
quirements of this part if the inves-
tigation does not otherwise require
submission of an IND.

(6) A clin{cal lavestigation involving
an exception from informed consent
under §50.24 of this chapter is ot ex-
empt from the. requirements of thls
part. -

(¢) Bloavaflabtlity studxes. The applica.
bility of this part to In vivo bio-
avalability stndles in humans 13 sub-

. - Jecti hepr” *'glong ox,s:cm

21 CFR Ch, [ (4=1~79 Edtion)

(d) Unlabeled indicatfon, This part
does not apply Lo the use {n the prac.
tice of medieine for an unlabeled indi.
cation of a new drug product approved

* under part 314 or of & Ueensed blologls
cal product,

- {¢) Guidance, FDA may, on its om

Initfative, l3sus guidance on the appll-

cability of this part to particular in- .

- vestigational uses »f drugs. 10 reqhiest,
FDA will advise on she applicability of
this part to & planned clinfcal inves-
tigation,

(52 FR 8831, Mar, 19, 1987, as amended'at 61 |

FR 51529, Oct. &, 1996; & FR 401, Jan, 5, 1699]

EFPECTIVE: DATE NOTE: At 8 FR 401, Jan.
5, 1980, §312.2 was Amandcd by removing “or
507" {rom paragraph (a) and by removing “or

antibiotie drug” from paragraph (d), effege

tive May 20, 1999,
§312.3 Definitions and interpretations,

tions of terms contained in section 201
of the Act apply to those terms whed
used in this part:

(b) The {ollowing definitions of terma
2l30 apply to this part:

Act means the Federal Food, Drug,
and Cosmetic Act- (secs. 201-903, 52
Stat. 1040 et seq., as amended (2 U.S.C.
301-302)).

Clinlcal investigation meahs any ex-
periment {n. which a drug is adminfs-
tered or dispensed $o, or uged involy-
ing, one or more human subjects. For
the purposes of this part, an experl
ment {3 any use of 8 drag excopt for the

- use of & marketed drug {n the course of

medical practice. -

Contract research organization means a
person that assumes, as an independent
contractor wih the spomsor, ofie o
more of the obligations of & sponsor,
¢.g., design of & protocol, selection of
monitoring of {nvestigations, evalua-
tion of reports, and preparation of ma.
terlala to be suhmitted o the Food and
Drug Administration.

FDA means the Food and Drug Ade
ministration.

IND means an fovestigational new |

drug ‘application, For purposes of this
patt, “IND" {s synonymous with “No-
tlee of Claimed Investigational Exemp-
‘tion fors NewDrug.” .

4

4) The definitlons and interpreta.

!

Food end Drug Administration, HHS

i or bologleal drug that 15 uged fn -

s clinfcal investigation, The tarm also
L..Judes & biological product that s
used in vitro for diagnostic purposes,
The terms “inv-tigational drug” and
“investigational new drug” are desmed
to be 8ynonymons for purposes of this
part.

Investipator means 1 mdividnal who
actually conducts & clinfcal investigas
tlon- (L., under whose immediate di-
rectlon the drug fs administered or dis-
pensed t0 & subject). In the avent an in.
vestigation i conducted by » team of
indtviduals, the investigator is the re-
sponsible leader of the team, “Sub
{nvestlgator” includes any other indi-
vidual member of that team,

Marketing application means an applf--
cation for a new drug submitted under
section 203(b) of the Act or & product li-
cense application for a blological prod-
uct submitted under the Public Health
Sarvice Act,

Spondor meana & person who takes pe-
sponsibility for and {nitiates & clinieal
investigation, The sponsor may be an
{ndividual or pharmaceutical company,
governmental agency, academic insti
tatlon, private organization, or other

. organization. The sponsor does not ac-
tually conduet the investigation unless

the sponsor 13 4 sponsor-investigator, A
person othet than an individual that
uses one or smore of {ts own employees.
to conduct an investigation that it has
initiated {s & sponsor, not & sponsor-in.
vestigator, and the amployees are {n-
vestigators,

Sponsor-Investigator means an indi-
vidual who both fnitiates and conduets
an investigation, and under whose im.
mediate direction the investigational

. (rug 1¢ administered or dispensed. The

term does not Include any person other
than an tadividual, The requirements
applicable t0 a sponsor-investigator
under this part include both those ap-
plicable to ag investigator and s spon-
801,

Subfect means & human who partfel
pates in an investigation, efther as a
reciplent of the fnvestigational new
drug or as & control. A subject mey be
a health§ human or 8 patlent with 2

‘ dlsease

Vi . “i
. Investigational new dru%means & new 5W W

gzjn 8831 Mar, 18, 19, asamended AtM

401, Jad 5, L

m

g2

R#FRCTIVE DATE NoTE: At 64 FR 401, Jan,
5, 1999, §312.3 was amended by removing ¥,
antibiotie dreg.” from the paragraph defin.
{ng “lovestigational new drug” and by re-
moving the phrase ¥, & request to provide for
certifleation of an antiblotio submitted
urtar paetion 507 of the Aet,” from the pars-
graph defining “Marketing Appllcatlon" of
fective May 20, 1999

§3128 Labeling of an investigntiml
néw drug,

(a) The immediate package of an in-
vestigational new drug fntanded for
human use shall bear a label with the
statement “Caution: New Drug—Lim.
fted by Federal (or United States) law
to {nvestigational use,"

(b) The label or labeling of an inves.
tig=tional new drug shall pot bear any
statement that ia false or misleading In -
a1y particular and shall not represent
that the investigational new drug s
safe or effective for the purposes for -
whlch 1t 18 being investigated,

§812.7 Promotion and charging for in.
vestigational drugs,

() Promotion of an investigational new
drug, A sponsor or investigator, or any
person acting on behalf of & sponsor or
investigator, shall not represent in a
promotional context that an investiga-
tlona] new g is safe or effective for
the purnoses for which 1t is under in.
vegtigation or otherwise promote the
drug. This provision {8 not intended to
restriet the full exchange of sclentific
information concerning the drug, in-
cluding dissemination of sclentific
findings in sclentific or lay media,
Rather, {ts intent s to restrict pro-
motional claims of safety or effective-
ness of the drug for & use for which it
I8 under investigation and to preclude
commercialization of the drug before it
fs approved for commerclal distribu.
tion.

(b) Commercial distribution of an inves-
tigatfonal hew drug, A sponsor or loves.
tigator shall not commerclally dis-
tribute or test market an investigs-
tional new drug. ,

{c) Prolomging an investipation, A
sponsor shall not undaly proleng an in-
vestigation aftet finding that the re
sults of the Investigation appear to es-
tablish sufflctent data. tn support. 4 ..

~ “me¥ieting applicatiby’ :
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S 1 .

S Charging'far and commercializat

4 0 oRal @iy Edien) - Foodiand Drug’#%fst’t’éﬂon;f"_*Hs'-:x-t.. B

of investigational drugs—(1) Clinical

trials under an IND. Charging for an iy
vestigational drug in a clinfcal trial
under an IND 18 not permitted without
the prior written approval of FDA, In
Tequesting such approval, the sponser
shall provide & full written explanation

of why charging is Decessary In order
for the sponsor to undertake or con-

tnue the clinical trial, 8.8.. why dis-
tribution of the drug to test subjects
should not be considereq part of the
normal cost of doing business,
() Treatment protocol or freatment
IND. A sponsor or {nvestigator may
charge for an {nvestigational drug for g
treatment use under & treatment pro-
tocol or treatment IND provided: (f)
There is adequate snrollment In the
ongolng clinical investigations under
the anthorized IND; (i1) charging doss
not constitute commereia) marketing
of & new drug for which a marketing
application has-not been approved: (i)
the drug is not being commercially
promoted or advertisad; and {iv) the
sponsor of the drug s actively pursuing
marke:. ¢ approval with dug diligence.
FDA must be notified in writing in ad
vance of commencing any such
tharges, in an Information amendment
submilled under §312.31, Authorfzation
for obarglng goes into effect automati-
cally 30 days after recelpt by FDA of
the information amendment, unless the
Epongor 18 notified to the contrary,
(3) Nomcommercinlization of investiga-
Yional drug, Under this section, the
Bponsor may not commercialize an {n.
vestigational drug by charging » price
larger than that necessary to recover
Costs of mannfacture, ressarch, devel-
opment, and handiing of the Investiga.
tional drug, - . ‘
"(4) Withdrawal of Quthorization, Ay.
thorlzation to charge for an {nvestiga.
Honal drug under this section may be
withdrawn' by FDA-If the agency fings
that the conditions underlying the au-
.thorlzation are no longer satisfled.

(Cotlectian of {nformation requiremants ap.
proved by the Office of Management and
Budzet undar control number 0910-0014)

(52 ¥R 6331, Mar, 19, 1967, as amended at £
FRIM6, M7, 157} :

§31210 Waivers,

(a} A sponsor may requess FDA to
walve applicabls requirement undep

this part. A waiver request may be sub- 5

mitted elther in an IND or ¥ dn frifor
mation amendment to an IND. In ap
EMETEENCY, & requast may be mads by
“telephone or other rapid communica
tion means, ‘A walver request {3 re-

fuired to contain at least ong of the *

following: . :

(1) An explanation why the sponsor's
complianoe with the requirement i3 un.
ReCessary or cannot be achieved:

&) A tescription of ap alternative
submisglon or courss of action that
satiefles the purpose of the Tequire.
ment; or .

{3) Other Information Justifying a
walver. ‘

(b) FDA may grant a waiver i
finds that the sponsor's noncompliance
would not pose a significant and unres.
sonable risk to human 8ubjects of the
Investigation and that one of the fol.
lowing is met:

(1) The sponser's compliance with the
requirement is unnecessary for the
8gency to evaluate the application, or
compliance cannot be achieved; -

{2) The sponsor's proposed alter-
native satisies the requirement; or

(%) The applicant’s submiasion othery

Wlss Justifies a walver,

(Collection of tnformation requlfements ap-
proved by the Office of Management ang
Budget under contro) number 0910-0014)

(52 PR 8631, Mar, 19, 1887, a3 amentled at 57
FR 2301, Juna 17, 1987)

Subpart B-lnvesﬁ?oﬂoncl New

Drug Applicaflon-ND) -
$31220 Requirement for au IND,

(4) A sponsor shall submit an It |

FDA 1f the sponser intends to conduct
& clinical tnvestigation with ap {oves.

Ugational new drug that i3 subject to
§310.20m), ' ;

{0) A sponsor shall not begin 4 clin. ,
Jeal investigation subject 1o §313.20a)

untdl the fnvestigation s subject to an

IND whieh is iy effect In accordance
with §312.40,

() A sponsor shall suhmit 4 separate
IND for any elinical t

consent under §50.24 of this Chapter.

_ lavestigation fn.
volving an exception from. informed-

{

Such 2 clinteal” Tnvestigation is not

. permitted to proceed without the prior

written authorization from FDA, FDA
shall provide a written determination
30 days after FDA recefves the IND or
earller, :

“[53 FR 8831 Mar. 19. 1087, as amended at 61

FR 51629, Oct. 2, 1906; 62 FR 32413, June 16,
Ly

181221 Phases of an investigation.

An IND may be submitted for one or
more phases of an {nvestigation, The
clinical Investigation of a previously
untested drug is generally divided into
three phases. Although in general the

phases are conducted sequentially,
-they may overlap. These thres phases

of an {nvestigation are a follows:

{a) Phase 1, (1) Phase ] Includés the
{nftdal introduction of an investiga-
Honal new drug {nto humans, Phase 1
sbutes are typleally closely monitored
and may be conducted in patients or
normal volunteer subjects, These stud-

. les are designed to determine the me-

tabolism and pharmacologic actions of
148 drug in humans, the side effects as-
soctated with increasing doses, and, if
possible, to gain early evidence on ef-
fectiveness, During Phase 1, sufficlent
information about the drog's phare
macokinetics and pharmacological ef-
fects should bs btained to permit the
dssign of well-controlled, sclentifically
valld, Phase 2 studfes. The total num-
ber of subjects and patients included {n

. Phase 1 studles varies with the drug,

but 13 generally in the range of 20 to 80,

(2) Phage 1 studies algo include stug-
les of drug metabolisml, structure-ac-
ivity relationships, and mechanism of
action In humans, as well as studies {n

which investigational drugs are used as

research tools to explore blological
phenomena or disease processes,

{b) Phase 2. Phase 2 Includes the con-
trolled clinfcal studies conducted to
evaluate the efféctiveness of the drug
for. & particular indjcation or indica-

Hons In patients with the diseass or
- condition under study and to deter-

mine the common short-term side ef-
fects and risks associated with the
drug. Phase 2 studies are typlcally wel]
controlled, closely monitored, and con-
ducted in & relatively small number of
patients, usually Involving mo more

than several hundred subjects,

{¢) Phase 3. Phase 3 studles are ax-'
panded controlled and uncontrolled
trials. They are performed after pro-
liminary evidence suggesting effective-
ness of the drug has been obtained, and
aro Intended to gather the additional -
{nformation about effectiveness and
safety that i3 needed to evaluate the
overall benefit-risk relationship of the
drug and to provide an adequate basis

for physician labeling, Phase 3 studies -

usually include from severs: hundred
to several thousand sublegts,

I
1812.92 General principles of the IND
submission,

(a) FDA's primary objectives in re-
viewing an IND are, in all phases of the
investigation, to assure the safety and
Tights of subjects, and, in Phase 2 and
3, t0 help assure that, the quality uf the
sclentiffc evaluation of drugs 18 ade-
quate to permit an evaluation of the
Grug's effoctiveness and safety, There-
{ore, although FDA's review of Phase']
submisgions will focus on assessing the
safoty of Phase 1 investigations, FDA's
review of Phases 2 and 3 submissions
will aléo {nclude an’assessment of the -
scfentific quality of the clinical inves-
tigations and the. likelihood that the
Investigations will yield data capable
of meeting statutory standards for
marketing approval. -

(b) The amount of information on a _
particular drug that must be submitted
in an IND to assure the accomplish-
ment of the objectives described in
Paragraph (a)-of this section depends
upon such fnnborp as the novelty of the
drug, the extent to which it hag been
studied previously, the known or sps-
pected risks, and the developmental’
phase of the drug.

{c) The central focus of the [nitla)
IND submisston should be on the gen-
6ral investigational plan and the proto-
cols for specific human studies. Subse-
quent amendments to the IND that.
contain new or revised protocols should
build logically on previous submissions
and should be supported by additional
Information, including the results of
animal toxicology studies or other
human studies a3 appropriate. Annual
reports to.the IND should servs ag ibe
focus for reporting the: 15 of studes

belng conducted under .o IND and

. '
An
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. should update the genera] investipa-
t1onal plan for the coming year. ,

() The IND format set forth (n
§312.28 should be followed routinely by
sponsors.in the interest of fostering an
effictent review of applications, Spon.
S0rs are expeeted to exercise consider-
able discretion, however, regarding the
content of information submitted i
each section, dependinig upon *he kind
of drug being studled-and the nature of
the avallable information. Section
312.23 outlines the Information needed
for a commeteially sponsored IND for a
new molecular entity, A sponsor-nves-
tigator who uses, as a reseatch tool, an
investigational new drug that is al-
ready subject %0 & manufacturer's IND
or marketing application should follow
the same gemeral format, but ordi-
narily may, if authorized by the mapy-
facturer, refer to the manufacturer's
IND or marketing application in pro-
viding the technical Information sup-
porting the proposed clinical {nvestiga.
ton. A sponsor-investigator who uges
an Investigational drug not subject to
& manufacturer's IND or marketing ap
plication Is ordinarily required to sub-
mit all technical Information sup-
porting the IND, unless such informa-
tlon may be referenced from the ge-
entiflc lteratare.

- ddnas INDéontentand format,

{a} A sponsor who Intends to conduct
& clinical investigation subject to this
part shall submit an “Investigational
New Drug Application” (IND) [nelud-
Ing, in the following order: ,

(1) Cover sheet (Fomm FDA-3T1). A
cover sheet for the applicatioh cop.
talning the following;

) The-name, address, and telephone
number of the sponsor, the date of the
application, and the name of the inves.
tgational new drug, -

{11) Identifiestion of the phase or
phases of the clinical Investigation to
be conducted,

* (i) A commitment not to begin clip-
leal tnvestigations until an IND cov
ering the lavestigations is In effect,

{Iv) A commitment that an Instii:.
tional Review Board (IRB) that com-
Plies with the requirements set forth In
part 58 will be responsible for the Int-

Aty in sccordance «lth the require-

- vestigation In accordance with all

21 CHR C. 1 (4199 Edior)

§
posed clinteal investipation and .-
the investigator will report t9 the [RB
proposed changes {n the research actl.

ments of part 56, ,
{v) A commitment to conduct the Ip.

other applizible regulatory require
ments,

{v}) The name and title of the pereon
‘Tesponsthle for monitoring the condyet
and progress of the clinical investips.
tions. :

(vil) The name(s) and title(s) of the -
person(s) responatbile under §312.02 for
review and evaluation of {nformation
relevant to the safety of the drug,

(viit) If & sponsor has transferred any
obligations for the conduct of any clip.
ieal study to & contract research orga.
nization, a statement contalning Lhe
name and address of the contract pe.
search organizatio, identification of
the clinical study, and a lsting of the
obligations transferred, 1f all obliga
tlons governing the condict of the
study have been transferred, a general
statement of this transfer—in let of 3
l1sting of the specific obligations trans.
fetred~may be submitted, .

(Ix} The signature of the sponsor or
the sponsor's authorized . representa. |

- tive, If the person signing the applica- |

tion does not reside or have a place of ‘
business within the United States, the |
IND is required to contain the name ‘
and address of, and be countersigned
by, an attorney, agent, or other g 1
|
!

. thorized official who resides or maln.

tains 4 place of business within th
United States. S
(2) A table of contents,
(3) Introductory sintement and general 1
tnvestigational plan. (1) A betef introdue. |
tory statement giving the name of the |
drug and all active ingredients, the '
drug's  pharinacologleal class, the |
structural formula of the drop (if |
known), the formulation of the dosage |
form(s) to be used, the route of admin.
Istration, and the broad objectives and

+ planned duration of the proposed clin. :

fcal tnvestigation(s). i

{) A briel summary of previoys |
human experience with the drug, with '
reference t- other' IND'S if pertinent:.

Food'ond Drug Administrotion, HHS

b relevant to the safety of the pros
posed ¢lfnfcal investigation(s),

(i) 1f the drug has been withdrawn
ftom nvestigation or marketing in any
country for any reason related to safe.
i or effectiveness, identification of
the country(lés) where the drug was
withdrawn and the reasons for the
withdrawal,

{tv) A brief description of the overa)l
plan for fnvestigating the drug product
for the following year, The plan should
inelude the following: (a) The rationale
for the drug or the research study; ()
the indication(s) to be studled; (c) the

general approach to be followed in

evaluating the drug; (d) the kinds of
clinical trials to be conducted in the
first year following the submission (if
plans.are not developed for the entire

_ Year, the sponsor should so indicate);

{¢) the estimated number of patients to
be given the drug in those studles: and
/) any rigks of particular severity or
setiousness anticipated on the basis of
the' toxicologleal data {n animals or
prior studles in humans with the deug
or related druga,

{4) [Reserved) ‘

(5 Investipator's brochure, If required
under §312.55. & copy of the {nvestiga.
tor's brochure, containing the fol-
lowing information:

(1) A brief description of the drug

t substence and the formulation, includ-

ing the structural formula, if known,
{if) A summary of the pharme-
cological and toxicologleal effects of

" the drug in animals and, to the extent

known, in humans,
(il A sumtmary of the pharmaco-

¢ kinetics and biological disposition of
- the drug in animals and, if known, in"

humans,

(v) A summary of information relat.
ing to safety and effectiveness in hu.
mans obtatned from prior clintcal stud-

fes, (Reprints of published articles on .

such studles may be appended when
useful.) o ‘

(v) A description of possihle risks and
slde effects to be antlcipated on the
basis of ptior experience with the drug
under, investigatls or with related
drogs, and ,0f precautions or special
monitoring to be done as part of the in-

-, vestigational use of the drug,

§31L23

not. submitted initally in the IND .
should be submitted in accordance with
§312.00(a).) In general, protocols for
Phase | studies may be less detatled ,
and more flexible than protocols for
Phase 2 and 3 studies, Phase 1 protocols
should- be directed primarily at pro-
viding ap outline of the lnvestigation—
an estimate of the number of patients
to be Involved, a description of safety
excluslons, and & description of the
dosing plan including duration, dose, of
method to be used in determining
dose—and should specify in detall only
those elements of the study that are
critical to safety, such as necessary
monitoring of vital signs and blood
chemistries, Modifications of the exs
perimental design of Phase 1 stadfes -
that do not affect critleal safety as-
sessments are Tequited to be reported
to FDA only In the annual report.

(1) In Phases 2 and 3, detati=d proto-
cols describing all aspects of the study
should be submitted, A protocol for a
Phase 2 or 3 Investipation should be de-
signed tn such a way that, if the spon-
Sor anticipates that some deviation
from the study deslgn may become nec-
essary as the investigation progresses,
alternatives or contingencies to pro-
vide for such deviation are built into
the protocols at the outset. Por exam.
ple, a protocol for a controlled short-
term study might {nciude & plan for an
early crossover of nonresponders to an
alternative therapy.

(i1} A protoco! 1s required t6 contaln
the following, with the specific ele
ments and detall of the protoco] re.
flecting the above distinctions depend-
ing on the phase of study:

{n) A statement of the objectives and
purpose of the study.

{b) The name and address and a state
ment of the qualifications (curriculum
vitae or other statement of quallfica-
tions) of each investigator, and the
neme of each subihvestigator (e.g., res
search fellow, resident) working under
the supervision of the investigator; the
name and address of the research fa
cilitles to be used; and the name and
address of each reviewing Institutional
Review Board.

{c) The criteria for patient selection

_and for excluston of patients and an es-

tlal and continuing -review and ap- and to {nvestigational or marketing éx. £, ) Protocals. (1), protocol for edch,
e %roye,l of 94231‘-9;5{»&19  studies {n e pro pefence In dihek’ dountefed that may ™
»1:‘ i ».‘< DIt & el N FA .4\( - R ,‘,‘..m. X :

) ) (
64

each, timate.of themmber of patieots to,be
wedstudy. “(Protocols for stifies” sbudied. > ™" 1

3
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A deseription of the destgn of the

study, !ncluding the kind of control
gToup to be used. If any, and 2-deserip-
tlon of methods to be used to mintmize
biag oi: Lhe part of subjects, fnvestiga-
tors, and analysts,

(¢) The method fof determining the
dose(s) to be admintstersd, the planned
maximum dosage, and the duration of
individual patient “exposurs to the
drug. : "

{ A description of the obgervations

and measurements to be mads to fulfil} .

the odjectives of the study.

(@ A deseription of clinical proce.
dures. laboratory tests, or other meag-
ures to be taken to monitor the effects
of the drug fn human subjects and to.
minimize risk,

() Chemistry, manufocturing, and: con-
trol information. (1) As appropriate for
the -particular nvestigations covered
by the IND, a section describing the
composition, manufacture, and control
of the drug substance and the drug
product. Although in each phage of the
investigation sufficient information {g
required lo be'submitted to agsure the
proper {dentifieation, quallty, purity,
ond strength of the investigational
drug, the wmount of {nformation nsed.
od to make that assurance will vary
with the phase of the {ivestigation, the
proposed duration of the investigation,
the dosage form, and the amount of in-
formatlon otherwise available. FDA
recognizer that modifications to the
method of preparation of the new drug
substance and dosage form and changes
n the dosage form ftself are likely 2
the investigation progresses. There-
fote, the emphasls in an (nitial Phase )

. Submission should generally be placed
on the identification and control of the
TAW materials and the new drug sub-
stance. Final specifications for the
drug substance and drug product are
not expected untll the end of the {yves.
tigational process, -

(41) It should be emphasized that the
amount of information to be submitted
depends upon the scope of the proposed
clinical investigation. For example, a)-
though stability data are vequired in
all phases of the IND to demonstrate
that the new drug substance and drug
product are within acceptable chamical

- and physical Hmits for the planned du-

matlon of  proposed clinical inves-

Heation, If very short-term tést are
proposed, the suprorting stability data
can he correspondingly limiteds' .

(i) As drug development proceeds
and as the' scale or production s
chaii..:d from the pilot-scale produc-
tion apprapriate for the limlted initial
clinical lovestigations to,the larger-
acale production needed for expanded
clinical ttials, the sponsor should sub-
mit-{nformation amendments to aupe
plement the {nitial {nformation sub-
mitted on the chemtstry, manufac-
turing, and contro! processes with [n.
formation appropriate to the expanded
8c0pa of the investigation,

(Iv) Reflecting the distinctions de-

scrided in this paragraph (a)M), and
based on the phase(s) to be studied, the
submigsion i3 required to contain the
following: '

{@) Drug substance. A description of
the drug'substance, including its physe
lcal, chemical, or biological character-
Istics; the name and address of ks man-
ufactarer; the general method of prepa-
ratior of the drug substance; the ac
ceptahle Hmits and analyticol methods

- used to asaure the {dentity. strength, !
quality, and pority of the drug sl

stance: and information sufficlent to
support stability of the drug suhstance
during .the toxicological studles and

%o the' current edition of the Unlted

5 72VCRCh.) (180 Edon)

.the planned clinical studfes. Reference |

States Pharmacopsia=National For.

mulary may satisly relavant reqaire. |-
. menta {n this paragraph,

(0) Drug product, A list of all compo-
nents, which may includs reasonahle
alternatives for inactive compounds,
used In the manufacture of the inves.
tigational drug product, including hoth-
those compouents intended to appear
in the drog product and thoss which
Ay not appear but which are used in
the nanufacturing process, and, where
appitcable, the quantitative composis
ton of the investigational drug prod.
uct. including any reasonable vai-
ations that may he expected during the

nvestigational stcs; the name and ad-

dress of the drug product manufac

tarer; a hrief general description of the

manufacturing and packaging proce.
dr a8 appropri-ta for the produet; f e

acceptable limi.s and analytical methe 1

ods used to aswre the fdentity, '

surength, quallty, and purlty of the

rn

1dr'u.iz product; and '[nformation “sufffe

clent to assure the product's stability
during the planned clinical studies,

Reference to the current edition of the -

United States Pharmacopela~National
Formulary may satisfy certain require-
ments in this paragraph.

e} & brief general description of the
composition, manufacture, and control
of any placebo sed fn a controlled

. clinical trial,

{d) lnbeling, A copy of all labels and
labsling to be provided to each {nvesti-
galor. '

{e) Environmental analysis require-
menls. & claim for categorical exclu-
slon under §25.30 or 25.31 or an envirop-
mental assessment under §25.40,

(8) Pharmacology and toxicology infor-
mation. Adequate information -about
pharmacological and  toxicological
studies of the drug involving labora-
tory animals or in vitro, ou the basis of
which the sponsor has concluded that
it is reasonably safe to comduct the
propased: clinical tnvestigations. The
kind, duration, and scope of animal and
other tests required varies with the du-
ration and nature of the propased clin-
lcal invesiigations, Guidelines are
available from FDA that de.cribe ways
in which thess requirements may be
met. Such information is required to
Include the identification and qualt-
fications of the individuals who evalu-
ated the results of such studies and
concluded that it is reasonably safe to
begin the proposed {nvestigations and a
statement of where the lnvestigations
were conducted and, where the Tecords
are avaflable for inspettion. As drug

tevelopment praceeds, the aponsor is
required  $o  submit {nformational-

amendments, as appropriate, with addi-
tonal Information pertinent to safety,

(1) Pharmacology and drug disposition;
A section describing the pharma-
cologleal effects and mechaniam(s) of
action of the drug In snimals, and ig-
formation on the absorption, distribu-

* tlon, metabolism, and excretion of the

drug, If known,

{11} Toricology. (a) An integrated sum
mary of the toxicological effects of the
drug in animals and in vitro. Depend-
ing on the natare of the drug and the
phase of the investigation, the descrip-

'+ Yon 8 to include the results of acute,

subacute, and chronic toxicity tests:

ood nd Drug Admifisflén, s

‘tests of the druz's affects on reprodue- -

tion and the developin ‘tus; any spe-
clal toxicity test relatéul to the drug's
particular mode of adminiatration or
conditions of use (e.g., inhalation, der

_ mal, or ocular toxicology);, and any in

vitro studies intended to evaluate drug
toxicity.

{b} For each toxicology study that is
{ntended primarily to sopport the safe-
ty of the proposed clinical investiga-
tion, » full tabulation of date suitable
for detailed review,

(1f) For each nonclinical laboratory’
study subject to the good laboratory
Practice regulations under part 5, a
statement that the study was con-
ducted in compliance with the good -
laboratory practice regulations in part
88, or. i the study was not conducted

A compliance with those regulations, a

brief statement of the reason for the

‘noncompliance,

{9) Previous human ezperience with the
investigational drug, A summary of pre-
vious haman experience known to the
applicant, 1f any, with the investiga-
tional drug. The information ig re-
quired to include the following:

() U the investigational drug has
been - investigated or marketed pre.
viously, efther in the United States or
other countries, detalled information
about such exparience that is relevant
to the'salety of the proposed {nvestiga-
ton or to the tnvestigation’s “1tionale.
If the durg has been the subjuct of con-
trolled trinls, detailed information on
such trfals that:is relevant to an as-
sessment, of the drug's effectivensss for
the proposed investigational use(s)
should also be provided, Any published
material that is relevant to the safety .
of the proposed investigation or to an
assessment of the drug's effectivenesa
for its proposed 1ovestigational yse
should be provided in full, Published
materlal that {s less directly relevant -
may be supplied by a bibliography.

(1) If the.drig is a combination of -
drugs previously investigated or mar-
keted, the information required uader
paragraph (a)(9)(1) of 'this section
ghould be provided for each dctive drug
component. Howsver, i any component
in such combination i>~ubject to an
epproved marketing ¢  sation or Is
otherwise lawfully macseted fu the
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United States, the sponsor is not re-
quired to submit published material’
concerning that active drug component
unless such materdal relates directly to
the proposed investigational use (In-
cluding publications relevant to com-
ponut-component Interaction),

(Iti) 1f the drug has been marketed
outside the Unfted States, a liat of the
countries fn which the drug hes been
marketed and a 1ist of the countries in
which the drug has been withdrawn
from marketiog for reasons potentially
related to safety or effectiveness,

(10) Additional ‘nformation. In cortaln -
applications, as described below, fufor-
mation on special topics may be need-
ed. ‘Such information shall be sub-
mitted In this sectlon as follows:

(1) Drug dependen:. and abuse poten-
ial. 1f-the drug is a psychotropic sub-
stance or otherwise has abuse poten-
Ual, a section describing relevant clin-
ical studies and expertence and studles
in test animals,

(i) Radioactive drugs, If the drug 13 &
adionctive drug, sufficient data from
inimal or human studies to allow s
easonable calculation of radiation-ab-
sorbed dose to the whole body and crit-
£al organs upon administration to o
uman subject. Phase 1 studies of ra-
iloactive drugs must include studles
#hich will obtaln sufflclent data. for
losimetry calculations.

(111) Pediatric studfes. Plans for agsess-
g pediatric safety and effectiv:ess.

(v} Other information. A brief state-
nent of any other {nformatfon that
sould aid evaluation of the proposed
inlcal investigations with respect to
Teir safety or thelr design and poten.
{at as controlled clinieal trials to sup-
or$ marketing of the drug.

(11) Relevant tmformation. If requested
iy FDA, any other relevant {nforms-
}on needed for review of the applica

on

b) Information prevously submitted
The sponsor ordinarily fs not required
0 resubmit information previously
ubmitted, but may {ncorporate the in.
ormation by reference, A reference to
nformation submitted previously must
dentify the file by name, reference
wmber, volume, and page number
shere the information can be found, A
tferesice to information submitted to

21 CR Cﬂ | (4'1'99 Fd'h«n)

sponsor 18 required to ronmn 4 Wit
ten statement that duthorizes the refe
erence and that {3 signed by the petson
who submitted the Information.

(¢} Matertal n a forelgn language. The
sponsor shall submit an accurate and
complete English translation of each
part of the IND that i3 not {n English,
The sponsor shall also submit & copy of
each -igina) literature publication for
which an English trnmlatlon i3 sul
mitted,

(d) Number of copies. The sponsor
shall submit an orlginal and two coples
of all submisslons to the IND file, (o
cluding the origlnal submission and al
amendments and reports.

(&) Numbering of VIND submissions
Tach submission relating to an IND Is
Lequired to be numbered serfally using
a single, three-diglt serial number, The

{nitial IND 18 required to be numbered.

000; each subseguent Submission (e,
amendment, report, or cotrespondence)
18 required to be numbered chrono-
logleally in sequence,

{f) Jdentification of exception from in
formeg consent, If the investigation in.
volves an exception from informed con-
sent under §50.24 of this chapter, the
sponsor shall prominently fdentify on
the cover sheet that the Investigation
is subject to the requirements {n §50.14
of this chapter,

{Collection of information requirements ape
proved hy ‘the Office of Management and

Budget under control numbor 0310-0014)
{52 PR 8831, Mar. 19, 1907, a8 amended at 82

FR 23081, June 17, 1987, 33 FR 1918, Jan, %,
1988; 61 FR 8152, Oct. 2, 19%6: 2 PP, 10399,
July 2, 1997, &3 FR 66689, Dec. 2, 19%9)

§31230 Protocol amendments, -

Once an IND {s in effect, a sponsor
shall amend 1t a3 needed to ensure that
the clinfeal investlgations are con-
ducted according to protocols included
in the application. T~ section sets
forth the provisions under which new
protocols may be submitted- and
changes In previously submitted proto.
cols may he made. Whenever a spionsor
intends to conduct a clinical Investiga.
tion with an exceptlon from informed
consent for emergency research as set

forth-in-§50.24 of this chapter, the spon
-sor shall submit 8 separate IND for.. o
he s.gency bya p«--un other ‘thap xhamanch investiga@jon . RN

K

$ood ond Drug A-minishetion, HHS

{8} New protocol. Whenever & sponsor
Intends to conduct a study that la not
covered by & protocol already cop

“tained in the IND, the sponsor shall

submit to FDA a protocol amendment
contalning the protocol for the study.

Such study may begin provided two-

conditions are met: (1) The sponsor has
submitted the protocol to FDA for ity
revjew: and (2) the protocol has been
approved hy the Institutional Review
Board (IRB) with responsiility for re.
view and approval of the study in ac
cordance with the requirements of part
55, The sponsor may comply with these
two conditions In either order,

(b) Changes in a protocol. (1) A sponsot
shall submit a protocol amendment de-
seribing any change in a Phase 1 pro-
tocol that significantly affects the
safety of subjects or any change in a
Phase 2 or 3 protocol Lhat significantly
affects the safety of subjects, the scope
of the {nvestigation, or the sclentifte
quallty of the study. Examples of
changes requiring an amendment under
this paragraph Include: -

{1y Any Increage in drug dosage or du-
mation of exposure of individual sub-
jects to the drug beyond that In the

- current protocel, or any significant in-
" crease in the number of subjects under

study,

(if) Any slgnificant change in the de-

sign of & protocol (such as the addition
or drapping of & eontrol group).
_(il) The addition of & new test or
procedute that'{s intended to Improve
monitoring for, or reduce the risk of, &
side effect or adverse event; or the
dropping of & test {ntended to monibor
safety,

{2ty A protocol change under pare-
graph (B)(1) of thia section may be
made provided two condit{ons are met:

{e} The sponsor has submitted the
change to FDA for ita review: and

(b) The change has been approved by

_ the IRD with responsibility for review

and apnvoval of the study, The :ponsor

may comply with these Lwo conditions

{n either order, :

()  Notwithstanding, varagraph
(02 of this section, .. protocol
change Intenged to eliminate an appar-
ent immediate hasard to subjects mey
be implerhented Immediately provided
FDA 18 aubsequently notlfied by pro-

)l amendmen‘”and the reviewmg'

§31230

IRB {s notified in accordance with
§56.104(c).

() New invesligator, A sponsor shall
submit & protocol amendment when a
new investigator {s added to carry. out

‘a previously submitted protocod, except

that & protocol amendment is not re.
quired when a Heensed practitioner is
added {n the case of a treatment pro-
tocol under §312.34, Once the investi«
gator 13 added to the study, the Inves-
tigational drug may be shipped to the
{nvestigator and the {nvestigator may
begin participating in the study, The
sponsor shall notify FDA of the new In-
vestigator within 30 days of the lnvesp
tigator being added. ,

(d) Content und format, A protocol
amendment {8 required to be promi.
nently identified as such (i.e., “Pro-
tocol Amendment; New Protocol”,
“Protocol Amendment: Change in Pros
tocol”, or “Protocol Amendment: New
Investigator"), and to contain the fol-
lowing,

(1)(1) In the case of & new protocol 8
copy of the pew protocol and a brief de-
seription of the most clinically signifl-

. cant differences between it and pre-

vious protocols.

(il) In the case of a change In pro-
tocol, a brief description of the change
and reference (date and number) to the
submission that contalped the pro-
tocol, ,

{itd) In the case of a new investigator,
the Investigator's name, the qualifica.

: tfons to conduct the investigation, refs

erence to the previously submitted pro-
tocol, and all additional information
about the Investigator’s stady as s re-

- qutred undér §312.2(a)E)IHEXE).

(2) Reference, If necessary, to speciflo
technical information in the IND or in
4 concurrently. submitted information
amendment to the IND that the spon.
sor relfes on to support any clinfeally
significant change {n the new or.
amended protacol. If the reference 18
made o sapporting (nformation al-
ready in the IND, the sponsor shall
{dentify by name, reference number,
volume, and page number the location
of the information.

i) It the sponsor desires FDA to com-
ment on the submisson, & request for -

guch comment and the specinc Qe -

%l

‘tions FDA's. re!ponsa should ~:

8 A0
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(8) When submitted. A spansor ‘shall
submit & protocol amendment for a
new protacol or a change in protocol
before 1ts implementation. Protocol
amendments to add a new Investigator
or to provide additional information
about investigators may be grouped
and submitted at 30-day intervals,
When saveral submissions of new proto-
cols or protocol changes are antici-
pated during a short period, the spon-
sor ls encouraged, to the extent fea-
alble, to includs these all in a single
submiasion.

(Cotlectlon of Information requiramenta ap-

proved by the Office of Management and-

Budget. under control number 0910-0014)

(53 FR 8831, Mar. 19, 1997, a5 amendsd at §3
PR 200, June 17, 1987 53 PR 1918, Jan, 2
1566; 61 PR 81500, Ot 3, 19%)

§31231 Information amendments.

(a) Requirement for information amend-
ment. A sponsor shall report in an in.
formation amendment essential fnfor-
matlon on the IND that is not within
the scope of a protocol amendment,
IND safety reports, or annual report,
Examples of fnforma¢ . requiring an
information amendment include:

(1) New toxicology, chemistry, or
other technical tnformation; or

() A report regarding the disconting-
ance of a clinical investigation.

(b) Content and format of an informg.
tion amendment, AR {nformation ameng-
ment 18 required to bear prominent
identification of its contents (e.g., "In-
formation  Amendment: Chemistry,
Manufacturing, and Control”, “Infor-
mation  Amendment; Pharmacology:
Texlcology”, “Information Amend-
ment: Clinfeal™), and to contaln the
following:
< (1} A statement of the nature and
purpose of the amendment,

(3) An organized submission of the
data in a format appropriate for sof-
entiflc roview,

{3) 1f the sponsur desires FDA to com
ment on an information amendment, 3
request for such comment,

(¢} When submitted, Information
amendments to the IND should be sub-

o .@:

‘mltted‘ ;.s nécessary but. to the extent

{eastble, not more than avery 30 days,
d

(Collection of fnly, mation raqulremeﬁw LTI
proved by the Office of Management and .

Budget under control numher isto-004) -

(52 FR 8831, Mar, 19, 1987, a3 amended at 5 -
“FR 20031, Juna 17, 1987: 53 FR 1818, Jan, 25,

19881 ;
§31232 IND safety reports, |

{a) Definitions. The followi: - definle

tiona of terms apply 1« *hig section;-

Associated 1ifh the use of the drug, !

There i3. a reasonable possihility that
the experience may bave been caused
by the.drug,

Disability. A substantial disruption of

a person's ability to conduct normal !

1ife fanctions.

L hreatening aduerse drug erperi-
ence. Any adverse drug experfence that
places the patient or subject, in the
view of the {nvestigator, at immediate
risk of death from the reaction as it o¢-
curred, 1., it does not include 3 reac-
tiom that, had 1t oceurred In a more se-
vere (orm, might have caused death,

Serious adverse drug erperience: Any
adverse drug experfence oceurring at
any dose that results'in any of the fol-
lowing outcomes: Death, a life-threat-
ening adverss drug experience, {npa-
tient hospitalization or prolongation of
extsting hospitallzation, a persistent or
slgnificant disabilityfincapacity, or 3
congenital anomalyfhirth defect. Im.
portant medical events that may not
result in death, be life-threatening, or

require hospitalization may be consld-

ered  serfous adverse drug experience
when. ‘based upon appropriate medical
Judgment, they may jeopardize the pa-
tient or subject and may require med-
cal or surgical Intorvention to prevent
one of the outcomes listed in this defl-
nition, Examples of such medical
events Include allergic bronchospasm
requiring intensive treatment in an
MEgENcy room or at home, hlood

dyserasias or conwnlslons that do not

result In Inpatient hospltalisation, or
the development of drug dependency o
drug abuse.

Unezpecied adverse drug experience:
Any adverse drug experience, the specls
fieity or severity of which is not cone
sistent with the current Investigator

' jf‘Faod and DrugAdmlnisfroﬁ3

heahurs: or, if an (nvestigator bro- .
¢k 18 not required or avaliabls, the
spectficity or severity of which is not
consistent with the risk information
deserived in: the general inveatiga-
tonal plan or elsewhere in the current

-application. as amended. For exampls,

under this definition, hepatlc necrosis
would be unexpscted (by virtne of
greater severity) if the investigator
brachuré only referred to elevated he.
patic enzymes or hepatitls, Similarly,
cerebral thrémboembalism and cere-
bral vasculitis would be unexpected (by
virtue of greater spectficty) if the in-
vestigator brochure only listed cere-
bral vascular accidents, “Unexpected,”
as used In this definition. refers to an
adverse drug experlence that has not
been previously observeqd (8.g., included
fn the investigator brochure) rather
than {rom the perspective of such £xpe-
rience not befng anticlpated from ths -
pharmacological properties of the
pharmaceutical produgt,

(0) Review of safety information. The
sponsar shail promptly review all {nfor-
mation relevant to the safety of the
drug obtained or otherwise recefved by
the sponsor {rom any source, forelgn or
domestic, including information de.
Hved from any clinical or epidemiolog-
Ical Investigatfons, anfmal investiga-
tons, commercial marketing expers-
ence. reports In the sclentific It
erature, and unpuhlished sclentiflc pa-
pers, a5 well as reports from forelgn
regulatory authoritles that have mot
alreadly been previously reported to the
agency by the sponsor,

(c) IND safely reporis. (1) Written re-

. ports~{1) Tho sponsor shall notify FDA

and all participating investigators in a
written IND safety report of:

* {A) Any adverse exporience associ-

ated with the use of the drug that is
both serfous and unexpected: or

(B} Any finding from tests in Jabora-
tory animals that suggests a- signifl-
e2ob risk forhuman subjects including
reports of mutagenicity,
beratogenicity, or carcinogenicity,
Each notificatton shall be made as soon
44 possible and In no event later than
16 calendar days after the spansor's inie
tal receipt of the information, Each

. Written notification. may be submitted

on FDA Form 35004 or 4n & narmative
format (forelgn events may be sud-

i

mitted oither on an FDA Form 35004
or, if preferred, on a CIOMS I form; re-
ports from animal or epidemiological
studies shall be submitted In a nar-
rative format) and shall bear proml-
vent dentification of tg contents, 18,
“IND Safety Report.” Each written no-
tfication to FDA shall be transmitted
to the FDA new drig review division in
the Center for Drug Evaluation and Re-
search or the product review division
tn the Center for Biologlcs Evaluation
and Research that has responsibility
for review of the IND. If FDA deter-
mines that addltional data are needed,

- the agency may requlre further data to

be submitted,

(1) In each written IND safety re-
port, the sponsor shall identity al] safe-
Ny reports previously filed with the
IND concerning 2 similar adverse expe-
rience, and shall analyze the signifi-
cance of the adverse experience in light, .
of the previouos, similar Teports,

() Telephone and facsimile trang-
mission, safety veports. The sponsor shal]
als0 notdfy FDA by talephona o by fac- "
simile “ransmission of any unexpected
fatal or life-threatening experience as-
soclated with the uss of the drug ag
6000 28 posaibla but in no-event later
than 7 calendar days after the spoz-
sor's {nftial receipt of the information,
Bach telephone call or facsimile traps- .
misston to FDA shall ba transmitted to
the FDA new drug review division in

. the Center for Drug Evaluation and Re-

search or the product review division
n the Center for Biologics Evaluation
and Ressarch that has responsibility
for review of the IND,

(3) Reporting format or frequency, FDA
Tmay request 4 sponsor to submit, IND
safety reports in'a format or at & fre-
quency different than. that required
under this paragraph. The 8ponser may
also propose and adopt a different re-
porting format or frequency If the
change is agreed to 10"advance by the'
director of the new drug review divi-
slon in the Center for Drag Evaluation
and Research or the director of the .
products review division {n the Center
for Biologics Evaluation and Ressarch
which 13 responsible for review of the
mo.

(4) A sponsor of a clfg, study of a
marketed drog 18 Dot required to make
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" 8.3afety report for any adverse experl-

L1 UK LIL | La=1"YY EQTION)

protocol number), its purpose, & brief

. Food and‘Drug Adminlshation, HHS.

() A deseription of any significant

§iy

v Ak “the u

ence associated with use of the drug  statement identifying-the prtient pope Phase 1 protocol modifications made pl;:es.sifoi ;mmggofoiordﬁn ?:tvlecstplg;

that .13 not from the clinteal stady ulation, and & statement as « whether during the previous year and not pre- - tional drug meets the eriteria of this

tself, the study i3 completed, vlously reported to the IND n & pro- section, the protocol 1s o be submitted
{@) Followup, (1) The sponsor shall  (2) The total nursr of sublects nle tocol amendment, 23 & treatment protocol under thy

promptly investigate all safety infor- tially planmed for inclusion in. the (D) A brlef summary of significant visions of this section e

mation received by i¢, study; the number entered Into the forelgn marketing developments with {b) Criterta, (1) FDA shall permit
(2) Followup information to & safety study to date, tabulated by age group, the drug during the past year, guch as Doy

report shall be submitted ag soon as
the relevant information i3 available,
(3) 1f the results of 4 sponsor's inves-
tigation show that an adverse drug ex-
petience not initlally determined o be
reportable under paragraph (c) of this
section 13 80 reportable, the sponsor
shall report such experience in & writ--
ten safety report as soon a3 possible,
but In 1o event later thin 15 calendar
days after the determination 1s made:

gender, and race: the number whose
participation In the study was com-
pleted as planned; and the n+ . ¢r who
dropped out of the study for any rea-
gon.

(3) 11 the study has been .completed,
ot If inter{m results are known, n brief
description of any avallable study re-
gults,

(b) Summary infokmation. Information

approval of marketing in any country
or withdrawal or suspenston from map-
keting in any eountry,

(8) If desired by the sponsor, o log of
a0y outstanding business wi.! ,uspect
to the IND for which the sponsor re-

-+ quests or expects a reply, comment, or
meeting.

{Collection of inrorrﬁntlan Tequirements ap
proved by the Office of Mansgement and

Investigational drog %o be uesd for o
treatment use under o treatment pros
tocol or treatment IND i
() The drug 1 intended to treat & 4e
rious or immediately lifs-threatening
disease:
(i) There 18 no comparable op satls
factory alternative drug or other ther-
- B0y avallable to treat that stage of the
: ilizlease in the Intended patfent POpUL-
ation;

, obtained during the previous year's ‘Budget tnder control mumber 0210-014)
@ Rfesnlte of & o investigai clinteal and nonelinical {nvestigations, 151 P80, M. 5, 19, o amented a0 m‘?ﬁ&?ﬁﬁﬁ;}”&" mve:nﬁg:rﬂ:g
gion; other safety informatton shall ypeinging: - PR 201, Jone I, 199 0 FR o7, Feb, 1t IND.{n effeet for the trial, or all elin.
¢ submitted, a8 appropriate, inantn (1) & narrative or tabular summary 1999) . " foal trfals have been com l'eted. d
;m‘m‘m amendment or annual %~ ghowing the most frequent and most —_— o 7 The ‘spomr o &e m&;o -
: " serjous adverse experlences by bod atment use of an lvestign. -
O i b ot 0 7 T g i o o B Bt
other {nformation submitted by a spon- (2) A summary of all IND safety ree ) Generl, & iy
i ' ‘ . g that s not o

sor under this part (and any release by  porys aubmitted during the past year, - drug with due diligencs,

FDA of that report or information)
does, not necessarily reflect a. conclu-
sion by the sposisor of FDA that the re-
port or {nformation constitutes an ad-

(3} A list of subjects who dled during
participation in the investigation, with
the cause of death for each subjeet,

proved for marketing may be vader
clinical fnvestigation for a serious o
" immediately lfe-threstening digeass
condition in patients for whom no come

{2) Serfous disense, For g drog in.
tended to treat a serfous disease, the
Commissioner may deny a request for
treatment use under a treatment pro-

(4) A st of subjects who dropped out parable or *satiafactory alte
mission that the drag caused or GO~ guring the course of the investigation | drug or other thirapy is?vnﬂabgﬁlgge- ﬁﬁfﬁlcxﬂimﬁ?:?: ggfgtthﬁ “m‘?i
tributed to an adverse experience. A yn'pagociation with any adverse experle ing the clinical Investigation of the tiveness to support such nney ‘
sponsor need not admit, and may deny, ence, whether or not thought to be drug, it may be appropriate to use the (3) Immediately life.thmm;mg disease
hat the feport or Information. sab. drug related, : =g in the treatment of patients not () For a drug intended to treat ap lm: "
itted by ‘the sponsor constitutes 80 "(g) 4 yrier description of what, ltany- | v the clinead trlals, o accordance  metiately lfe-threatening dissase th
admission that the drug caused or cOl  giine wag obtatned tha Is pertinent to with & treatment protocol or treat. e b10

tributed to an adverss experfence,

{Collection of infomiation reqalrements ap-
proved by the Office of Management and
Budget under control mumber (910-0014)

(52 FR 8831, Mar: 19, 1987, a3 amended at 5
FR 2001, June 17, 1987 55 FR 11679, Mar. 29, -
199(; 62 FR 52280, Oct. 7, 1997)
$312.33 Annual reports,

A sponsor shall within 60 days of the

a1 understanding of the drug's actions,
including, for example, information
about dose response, information from.

* controlled tralls, and Information

about bioavajlability, )

{6) A lst of the preclinieal studles
(Including animal studles) completed
or in progress during the past year and
& stmmary of the major preclinical
findings,

meat IND, The purpose of this section
" s to facilitate the avallability of
promising new drugs to desperately 1)
patlents a3 eatly in the drag deveiop-
meot process a3 possible, before gep
eral morketing begins, and to obtan
additional dats on the drug's safety
and effectiveness. In the case of o gopl-
ous disease, a drug ordinarily may be
made avallable for treatment use under

Commissioner may deny a request for
treatment use of an investigational
drug under - treatment protocol or
treatment IND if the avallable sel.
entiflo evidence, taken as a whole, fadls
% provide & reasonable basts for con
" cluding that the drug:
(A) May be effective for its Intanded
- use {n its intended patfent population;
or

(B) Would not expose the patients to

annfversary date that the IND went (1) A summary of any significant this section during Phase 3 investiga whom the drug 8 to be administered to
into effect, submit a brief report of the manufacturing or  microblological tlons or after all clinical trials have ap unreasonable and significant addj..
progress of the Investigation that in- changes made during the past year, been completed; however, in appro- tlonal risk of filgess o injury,

cludes; | .

(a) Individual study information, A
brief summary of the status of each
study in progress and each stody com-
pieted during the previous year. The
sumrmary 18 required to include the fol-
low{ng Information for each study: -

- (1) The title of the study (with sny -

i

A8

propriate studridentifiers, sugh

iP;

1

{¢) A description of the general Inves-
tigational plan for the coming year to
replace that submitted 1 year eatller,
The general {nvestigational plan shall
contain the {nformation required under
§312.23)3)Iv). '

, (8) 1f the investigator brochurs bas
been revised, & description of the revi- -
: "?iqn"@ndea. quy.'g‘f 'th_e'égew brochmv‘q); i

2

priate citcumstances, a drug may be
made avaflable for treatment use dur-
ng Phase 2, In the case of an {mme.
diapely life-threatening disease, a drug
mey be made available for treatment
use ubder this section earlfer than
Phase 3, but ordinarily not earller then
. Phase 2, For purposes of this section,
| Theteatent use” of a'drug includes

;

. (i) For the parpose of this section,
a0 “{mmediately 1ife-threatening” dis.
ease means & stage of n disease in
which there fs a reasonable lkelihood
that death will occur within a matter
of montha or in which premature death
I8 likely withous early treatment, - .

. (¢) Safeguards.. Treatmeridasof an .

e

nvestigational drug i3 (" loned op

Lp]

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881
Page 183

Joining Petitioner: Apotex



10 "sponsor and investigators com-
ying with the safaguards of the IND
‘ocess, including the regulations gov-
Ting informed consent (31 CFR part
) and institutional review boards (31
FR part 5) and the applicable provi.
ons of part 312, Including distribution
" the drug through qualitied experts,
aintenance of adequate’ manufac-
iring facilities, and submisston of IND
ety reports.

(d) Clinfcal hold. FDA may place on
inical hold & proposed or ongoing
eatment protocol or treatment IND
accordance with §312.43,

L FR 16, May 22, 7. a5 amended a1 - use under a treatment protacol Is an

113248, Apr. 16, 1992)

11235 Submissions for treatment
URE,

(a) Treatment protocol submilted by
'D spomsor. Any sponsor of a clinical
vestigation of a drug who intends to
onsor a treatment use for the drug
all submit to FDA'a treatmen pro-
col under §312.34 {f the sponsor be-
wes the criteria of §312.34 are satls.

. If s protocol is not submitted

ider §318.4. but FDA belisves that
¢ protocol should have bean sub-
Itted under this section, FDA may
em the protocol to be submitted
der §312.34. A treatment uso under a
satment protocol may begin 30 days
ier FDA receives the protocol or on

tlier notification by FDA that the'

satment use described in the protocol
1y begin, o
1) A treabment protocol is required
conta{n the {ollowing:
1) The Intended use of the drug,
il) An explanation of the rationals
*use of the drug, including, as appro-
ae. efther a list of what available
timens ordinarily should be tried be-
‘6 using the Investigational drug or
explanation of why the use of the
restigational drug is preferable to
3 use of available marketed treat-
nts.
{i1) A brief description of the criteria
* patlent selection,
1¥) The method of administration of
+drug and the dosages.
v) A description; of clinical proce-
res, |aboratory teats, or other meas-
18 to monitor the effects of the drug
dtominimiy %,

-(3) A treatment, protocol 18 to ba sup:
ported by the following: P

(1) Informatlonal brochure for Sup-
Dlying to each treating physician.

(11 The technical information that fs
relevant to safeby and effectiveness of
the drug for the. fntended treatment
purpose. Information containedin the
sponsot’s IND may be {ncorporated by
reference, . .

(1) A commitment by the sponsar to
assure compliance of all partisipating
Investigators with the informed con-
sent requirements of 21 CFR part 50,

(3) A licensed practioner who receives
an investigational drug for treatment

“Investigator” under the protocol and
fs esponsibls for mesting all applica-
ble Investigator vesponsibllities wnder
this part and 2) CFR parts 50 and 56,

(o) Treatment IND submitled by I
censed practitioner. (1) 1f a licensed med-
feal practitioner wants to obtain an in.
vestigational drug subject o a con-
trolled clinical trial for a treatment
use, the practitioner should first at-
tempt to obtain the drug from the
sponsor of the controlled trial under a
treatment protocol. If the sponsor of
the controlled clinteal investization of
the dru, i1} not astablish & treatment
protocol for the drug under paragraph
{a) of this section, the lieensed medica)
practitioner may seek to oblain the
drug from the sponsor and submis &
treatment IND to FDA requesting au-
thorization to use the investizational
drug for treatment vse. A treatment
use under a treatment IND may begin
30 days after FDA recelves the IND or
on earlier notification by FDA that the
treatment use under the IND may
begin. A treatment IND 3 required to
contain the following:

{1) A cover sheet (Form FDA 15T)
meeting §312.23(g)(1).-

(i1) Information (when not provided
by the sponsor) on the drug's chem-
istry, manufacturing, a: . Lontrols, and
prior clinical and nonclinical axperi-
ence with the drug submitted in ac-
cordance with §312.23. A sponsor of 3

clinieal investigation subject to an IND.

who supplies an investigational drug to
a licensed medical practitioner for pur-
Doses of a saparata treatment clinica
investigation shall be desmed to au.
thoriss the Incorporation-by-refarence

- DCRGan o

37

"** Food and Drig ‘Adrﬁinlstrdﬂ%ﬁ; g e

of the technical information contatned
{n the sponsar's IND into the medical
practitionar's treatment IND.

{1} A statement of the steps taken

by the practitioner to obtain the drug

under a treatment protocel from the
drug sponser.

(v} A treatment protocol contalning
the-same Information lsted in parss
graph (a)(1) of this section,

{v) A statement of the practitioner’s
qualifications to use the {ovestiga-
tonal drug fof the {ntended treatment
use. 4

(vi) The practitioner’s statement of
familliarity with fnformation on the

drug's safety and effectiveness derived-

i

§31240

Rockville, MD 20857, 3014434320, After
pormal working hours, eastern stand-
ard time, the request should be di-
rected to the FDA Divislon oi Emer
gency and Epldemiological Operations,
2028578400, Except extraordinary
clreumstances, such authorization wil)
be conditioned on the sponsor making
an appropriate IND submission as soon

a8 practicable after receiving the au.
thor{zation, )

Collection of information requirementa ap-
proved by the Offics of Management and
Budret under control number 0910-0014)

{53 FR 8831, Mar. 13, 198, a5 amended at 8
FR 23031, Juze 17, 1987: 55 FR, 1157, Mar, %,

from previous clinical and nonclinfeal 1%

experience with the drug,

" (vil) Agreement to report to FDA
safety Information in accordance with
§312.92.

2) & llcensed practitioner who sub-
mits a treatmant IND under this sec-
tlon i3 the sponsor-investigator for
such IND and is responsible for meet-
Ing all applicable sponsot and investi-
gator responsivilities under this part
and 21 CFR parts 50 and 56,

" (Collection of Informatinn requirements ape

proved by the Offiee of Manncement and
Budget under control number 1910-0011)

(52 FR 19977, May 22, 1987, a8 amended at 57
FR 13049, Apr. 15, 1982)

. 131236 Emergency use of an inves-

 Beanch (RFD-53), Center for Drug Evale

tigational new drug,

Need for an {nvestigational drug may
arise in an emergency situatlon that
does nab allow time for submission of
an IND-in accordance with §312.23 or
§31234. In such 4 case, FDA may au-
thorize shipment of the drug for & gpac-
{fled use in advance of submission of an
IND. A request for such authorization
may be transmitied to FDA by tele-
phone or other rapid communfeation
means. For {nvestizational hiological
drugs, the request should be dirscted to
the Division of Blological Tnvestiga-
tonal New Drugs (HFB-230), Center for
Blologles Evaluation apd Research,
8800 Rockville Pike, Bethestr. MD
20892, 3014434864, For all othes lnves-
Ugational drugs, the request for au-
tharlaation should he diracted to the
Document Management, and Reporting

ation and Research, 3600 Fishers Lane,

§312.38 Withdrawal of an IND,

(2) At any time a spongor may with- ‘
draw an’effective IND without preju-,

dice,

() It an IND is withdrawn, FDA shal]
be 30 notiffed, all clinical Investiga-
tions conducted under the IND, shal be
ended, all current investigators nots.
Jted, and all stocks of the drug re-
turned to the sponsor or otherwise dis-
posed of at the request of the sponsor
{n accordance with §312.59,

(¢) 1f an IND {3 withdrawn becavss of
& salely reason. the spomsor shall
promptly so inform FDA, all partici-
pating investigators, and all Teviewing

R 4 O R A

Institutional Review Boards, together .

with the reasons for such withdrawal,

(Callectlon of information requirements ap-
proved hy the Office of Management and
Budget under.control,number 0910-0014)

152 F 0631, Mar. 18,1987, a5 amended at 52
FR 20034, June I, 1987)

Subpart C—Adrhinistrdtive Actions

§31240 General requirements for use
of an investigational new drugina
clinical investigation,

{a) An investigational new drug may

he used fn a clintcal fnvestigation if _

the followirs: conditions are met:

{1) The sponsor of the investigation
submits an IND for the drug to FDA:
the IND 13 [n effect under paragraph {b)
of thig section; and the sponsor com-
plies with all applicable Tequirements
in this part and parts 500 6 with re-
8pect to the conduck of t;  imiea) fn.
vestigations; and - :
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«{0) Each partieipating investigator
sonduets- his or her investigation n
sompliance with -the requirements of
‘his part and parts 50 and 56,

(b) An IND goes {nto effect:

(1) Thirty days after FDA recefves
‘e IND, unless FDA notities the spon-
or that the {nvestigations described in
he IND ate subject to a ¢linical hold
inder §312.42: or

() On earlier notification hy FDA
hat the clinteal investigations In the
ND may begin. FDA will notify the
ponsor fn writing of the date I¢ re.
glves the IND, ’

() A sponsor may ship an investigas
{onal new drug to 1nves'tigqtors named
1 the IND: :

() Thirty days after FDA receives
he IND; or '

{2) On eariier FDA authorization to
hp the drug: .

(0) An investigator mdy not admin-
jter an Investigational new drug to

uman subjects until the IND goes into
ffect under paragraph (b) of this sec-
lon,

31241 Comment and advice on ‘an

0

() FDA may af any time doring the
ourse of the {nvestigation' commu-
leate with the sponsor orally or in
'titing about deficiencies in the IND
t about FDA's need for more data or
1formation,

(b) On the sponsor's request, FDA
11l provide advice on specific matters
2lating to an IND. Examples of such
dvice may fnclude advice oft the ade-
uacy of technical data to support an
wegligational plan, on the design of &
nical trial, and on whether proposed
westigations are likely to produce the
ata and information that i3 needed to
1eet requirements for a marketing ap-
Hication.

{¢) Unless the communication s ac-
ompanfed by a clinical hold order
nder §31242, FDA communications
1th & spunsot under this section are
JNely advisory and do not require any
10dification f the planned or ongotng

clinieal Investigations or response to
thesgency. L

(Collection of information requitements ap-
proved by the Offleo of Management and
Budget under control number 0910-0014)

(52 FR 8831, Mar. 19, 1987, a8 amended at 59
FR 23031, June 17, 1987)

$312.42 Clinleal holds and requests for
modification,

{8) General, A clinfeal hold §s an order
fasued by FDA Lo the sponsor to delay
& proposed clinjcal fnvestizntion or to

suspend an ongoing investigation, The

clinfeal hotd order may apply to one or
more of the {nvestigations covered by
an IND. When & proposed st-ly Is
placed on clinical hbld, subjeces may
not be given the {nvestigational drog,
When an ongolng study 1s placed on
clinical hold, no new subjects thay be
recrutted to the study and placed on
the -investigational drug; patlents al
ready in the study should be taken off
therapy involving the investigational
drug unless specifically permitted by
FDA n the Interest of patient safety,

(b) Grounds for tmposition of ¢*.nieal
hold~~(1) Clinical hold uf a Phase ! study
nder an IND. FDA mey place & pro-
posed or ongoing Phase 1 investigation
on clinical hold if it finds that:

{1) Human subjects are or would be
exposed to an wnreasonahle and signifi-
cant risk of Illness or Injury;

(i1) The clinlcal {nvestigators named

in the IND are not qualified by reason

of thefr scientiflc ttaining and experi-
ence to conduct the investigation de-
scribed In the IND;

{lil) The investigator brochure Is
misieading, etrone+us, or matetfally
incomplete; or

{iv) The IND does not contain suffl-
clent Information required under

§312.23 to assess the risks to subjects of _

- the proposed studles,

{2) Clinical hold of a Phase 2 or J study
under an IND. FDA may place a pro-
posed or ongoing Phase 2 or 3 {nves.
tigation on clinteal hold if"it finds
that: .

{1) Any of the conditions in para.
graph (OX11) Lhrough (Iv) of this sec-
tonapply; or -

Such use; o
“(B) If the treatment protocol or.

Lt g iy AUITITISITOTION, HHS

(i) The plan or protocol for. the in..
vestigation I8 clearly deflctent In de.
Sign to meet {Ls stated objactives,

(3) Cltnieat hold of & treatment IND
or treatment protocol,

(i) Proposed use, FDA may place a
proposed treatment IND op treatmens
protocol on clinieal head 1f 1t fs deters
mined that; . : '

(A) The pertinent eriterls in
§312.340b) for permitting the treatment
use Lo hegln are not satisfled; or

(B) The treatment protocol or treat.
ment IND does not contain the infor-
matlon required.under §312.35 {8 or (b)
to make the specified determination
under §312.34(h),

(i) Ongoing 'use, FDA may place an
ongoing treatment protoco] o treat.
ment IND on cltnical hold {f 1t g deter-
mined that;

-+ (A) There becomes available o com.
parable or satisfactory alternative
drug or other therapy to treat that
stage of the disease in the Intended pa-
tert population for which the inves.
tgational drug Is being used;

(B) The Investigational drug 1s pot "
under investigation in ¢ controlled
clit. al trial under-an IND tn éffect for
the trial and not all controlled elinfeal
brials necessary to support & map.
keting spplication have been com-
pleted, or & clinjcal Study under the

 IND has been placed on cliniea] hotd:

(C) The sponsor of the controlled
clinfeal trial 13 not purseing marketing
approval with due diligence:

(D) 1f the treatment IND or treat.
ment protocol is Intended for a serfous
disease, there I3 insufficjent evidence
of safety and effectiveness to support

treatment IND was based on an {mme.
dlately - lfe-threatening disease, the
available sclentifie evidence, taken ps
& whole, fails to provide a reasonable
basis for concluding that the drog:

1) May e effective for it Intended

. use In its Intended population; or

{2) Would not expose the Datients to
whom the drug 18 to be administered to
a0 unreasonable and significant add-
tlonal risk of fliness or imjury. .

(11l) FDA'may place a proyosed or op-
going treatment IND or treatment pro-
tocol on clinleal hold 4f it finds that .

L 80y"of . the: gofidl, ragraph

o

 trolled. FDA may place 4

§324
(b)4X1) through (bY4)vIL) of this sees
tion apply,

(4) Clinical hold of any study thet iy -
ot designed to be adequate and tell-oom.
proposed or
ongoing investigation that {s not de.
signed to be adequate and - wellcon.
trolled on clinical hold if it finds that;

- () Any of the conditions in para
graph (b)1) or (bX2) of this section
apply; or :

‘(01) Thete ix reasonabie evidence the
tvestigation that I 1ot designed to be
adequate and well-controlled 1n imped.
ing enrollment n, oy otherwise intapn
fering with the conduet o completion
of, a study that is designed to be an
adequate and well-controlled tnvestigns
tion of the same or another {avestiga.
tlonal drug: or -

(1) Insuffictent quantities of the if.
vestigational drug exist o adequately
¢onduct both the investigation that f3
Bot deslgtied t0 be adequate and well-
controlled and the investigations that -
are designed to be adequate and well.

- controlled: or

{1¥) The drug has been studled in one

- Or more adequate and well-controlled

investigations that strongly suggest
lack of effectiveness; or . -

(v} Another drug under {nvestigation
or approved {or the same indieation
and available to the same patient popu.
lation has ‘demonstrated 4 better po.

-Yential benefit/risk balance; or

(v) The drug has recefved marketing
approval for the same fadication in the
Same patient population; or

{vil) The sponsor of the study that {s
designed to be an adeqnate and well.
controlled fnvestigation {3 got actively
pursuing marketing approval of the in
vestigational drog with due diligence;
or

(vitt) The Commissioner determines
that it would not be in the public {nter
est for the study to be conducted or

- continued. FDA ordinartly intends that

Clinlcal holds undep paragraphs
(BN, (bYA)1tE) and (bY4)Y) of this
section would only apply to additional
enrollment 1in nonconcurrently cone
trolled trials rather than elimlnating
continued access Lo Individuala
recefving the Investigational drog.

{8) Clinfcal Arid of any investioation in-
volving an exceytion from tnformed, con.
sent under $30.0450f thy of % R
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W o

may place 8 proposed or ongolng Inves-

tgation lnvolving an exception from
informed consent under §50.2 of this

shapter on clinfcal hold if it s deter-
nined that:

{1) Any of the conditions in para-
yrapha (bX1) or (W)(2) of this section
wpply.or -

(1t} The pertinent criteria n §50.%4 of
his chapter for such an investigation

0 begin or continue are not submitted

t not aatiafied,

(¢) Disoussion of deficiency, Whenever
'DA concludes that & defioiency exists
0 & clinical investigation that may be

Tounds for the imposition of cligial

iold FDA will, unless patients are ex-
osed to immediate avd serious risk,
thempt to discuss and satisfactorily
e801ve the matter with the aponsor be-
ore i330ing the clinical hold order,

(d) Imposition of clinical hold, The
linical bold order may be made by
elephene or other meats of rapid com-
1unication or in writing, The clinical
old order will identify the studles
nder the IND to which the hold ap-
lies, and will briefly explain the besis
o the action. The clinical hold order
111 be made by or on behalf of the Di-
Isfon Director with responsibility for
eviow of the IND. As soo as possible,
nd 20 more tha: 30 daya after imposi-
ion of the clinical hold, the Division
frector will provide the spomsor &

old.

(6) Resumption of clinical investiga-
ons. An investigation may only re-
ime after FDA (usually the Diviglon
Iractor, or the Director’s designes,
ith responsibility for review of the

D) has notified the sponsor that the

westigatlon may proceed. Resump
on of the alfected investigation(s)
1Ll be anthorized when the sponsor
wrects the deficiency(ies) previously
ted or otherwise satisfies the agency
\at the investigation(s) can proceed,
DA may notify a sponsor of Its deter-
ination regarding the clinical hold by
lephone or other means of rapid com-
wenication. If & sponsor-of an IND that
15 been placed on clinical hold re-
lests in writing that the clinical hold
s removed and submits a complate re-
lonse.to the issne(s) fdentitied in the
inical hold order, FDA shall respond

endar daye of recelpt of Hé request 4
the complete response. FDA's response
will either remove or maintainsthe

clinical hold, and will atate the reasons

for such determination. Notwith-
standing the 30-calendar day response
time, a sponsor may not proceed with 3
clinical trfal on which a cliniial bold
has been imposed unti] the sponsor has

been notitied by FDA that the hold has
been Lifted,

(D) Appeal. 1 the sponsor disagrees.

with the reasons'cited for the clincal

hoid, the sponsor may request recon-
sideration of the decision in accord:

ance with§312.48, ‘
(8) Conversion of IND on clinical hold

10 tnactive status, If all investigations

covered by an IND remain on clinical
hold for 1 year or more, the IND may
Ye placed on inactive status by FDA
under §312.45,

(52 FR 8831, Mar, 19, 1987, as amended ab 52

FR 10477, May 22, 1687; 87 FR 12249, Apr. 35, -

1992; 61 FR 51800, Qgt, 2, 1996 63 FR 68678,
Dec, 14, 1998]

. EPFECTIVE DaTe NOTE: At 63 FR 68675, Dec,
1, 198, §31242 was amended by revising
Daragraph te), effactive Apr, 28, 1099, Far the
convenience of the user, the superseded tex}
follows: '

$31242 Clintesl holds snd

requests for
modification, '

Titten explanation of the basis for the _

r o ¥ ] ¥

{e) Resumption of clinical investigations, 11,
by the terma of the clinical hold order, re-
sumption of the affected invagtigation is per-
mitted without prior notification by FDA
onca o flated correction or modification 1
made, the investigation may procecd as soon
43 the correction or modification i made. In

all other cases, an {nvestigation may only.
resuma after the Divislon Dirsctor for the -

Dirsctor's designes) with responalhility for
review of the IND has notifled the Bponser
that, the investization may procesd. In thes
cases Tesumption of the affacted investiga-
tlon(s) will be authorized when the Aponsor
corvects the deficlency(ies) praviously clled
o otherwise satisfled the sgency that the ln-
vesligation(s) can proceed. Resumption of a
study may be authorized by telephons or
other means of rapid communication,

* * L | '

rwriting to " ponsor within 30-cals

m

21 CAR Ch.4~149 dtion)

- Fadliand g Adinishcton, WS

" {3124 Termination.

(a) General, This section describes the
proeedures under which FDA may tor-
minate an IND. If an IND {s termi-
Dated, the.sponsor shall end all elinical
{nvestigatlons conducted wnder the
IND and recall or otherwise provide for
the disposition of all unused supplies of
the drug, A termination action may be
based on deflofencies in the IND or in
the conduct of an inveatigation wnder
an IND. Except as provided {n para-
graph (d) of this section, & termination
shall be preceded by a proposal to ter-
minate by FDA and an opportunity for
the sponsor to respond. FDA will, in
general, only fnitiate an action under
this section after first attempting to
resolve differences {nformally or, when
approvriate, through the clfnical hold

proceduces dedcribed fn §312.42,
" {b) Grounds for fermingtion—(1) Phase

1. FDA may proposs to terminate an
IND during Phase 1 if it finds that:

(1) Humaz subjects would be exposed
to an unreasonable and significant risk
of illness o unjury, :

{if) The IND does not contain suffi-
clent information required upder
§312.23 to assess the safety to subjects
of the clinical fuvestigations,

(11i) The methods, facilities, and con-
trolg used for the manufacturing, proce
esatng, and packing of the investiga-
tlonal drug are inadequate to establish
and maintain appropriate standards of

{dentity, strength, quality, snd purity

a8 needed for subject safaty.
(iv) The clinfcal investigations are

being conducted in a mahner substan- .

Hally different than that deseribed in
thé protocols submitted In the IND,

{v) The drug {3 baing promoted or dis-
tributed for commerclal purposss not
Justifted by the requirements of the tn-
vestigatlon or permitted by §312.7,

{vt) The IND, or any amendment or
Teport to the IND, contains an untrue
statement of a material fact or omits
material nformation requiréd by this
part, : .

(vt The sponsor falls promptly to n-
vestigate and inform the Food and
Drug Administration and all Investiga-
tors of serfous and unexpected adverse

. experlences In accordance with §312.33

or falls to make any other report re-
quired under this part.

(vIL}) The spousor fails to submit an
accurate anuual report of the fnves.
t1gatlons in accordance with §312.83,

{ix) The sponsor fails to comply with
auy other applicable. requirement of
this part, part 50, or part 5.

(x) The IND has remained on {nactive
status for § years or mors, .

(xi) The sponsor fajle to delay & pro-
posed investigation under the IND or

“to suspend an ongoing nvestigation

that has been placed on clinical hold
under §312.42(0)(4).. .

(2) Phase 2 or 3, FDA may propose to
terminate an IND during Phase 2 or
Phage 3 {f FDA finds that:

() Any of the conditlons {n para-
graphs (O)1)(1) through ()LYxd) of this
section apply; or )

(1t) The investigational plan or pro-
tocol(s) 18 not reasonable as a bona fide
sctentific plan to detarmine whethep or

zot the drug {s safe and effective for

use; or .

(1if) There {s convinclng evidence
that the drug is not effective for the
purpose for which it is being {nves.
tigated.

{3) FDA may propose to terminats a
treatment IND i 1t finds that: -

() Aoy of the conditions {n para~

graphs (bX1)(1) throvgh (x) of this gec-

‘tlon apply; or

() Any of the copditions in

§312.420(3) apply.

(c) Opportunity for sponser response,
(1) If ¥DA proposes to terminate an
IND, FDA will notify the sponsor in
writing, and lavite corvectlon or explas
nation within a pegfod of 3) dags.

(2) On such notification, the sponsor
may provide a written explanation or
correction or may request a conference
with FDA to provids the requested ex-
planation or correction. If the sponsor
does not respond to the notffication

" within the allocated time, the IND

shall be terminated.

{3) If the eponsor responds byt FDA
does ot accept the explanation or core

rection submitted, FDA shall inform

the sponsor in writing of the reason for
the nonaccsptance and provide the

sponsor with an opportunity for a regu-

latory hearing befors FDA under part
16 on the question of whether the IND
should be terminated. The-~onsor’s re-
quest for a regulatory be g must be-
made within 10 days of wie sponsor’s
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“recelpt of FDA's notification of non-
acceptance,

(d) Imtmedinte termination of IND. Not-
withstanding paragraphe (a) through
{¢) of this section, if at any time FDA
concludes that continuation of the in-
vestigation presents an immediate and
substantial danger to the health of {n.
divideals, the ogemcy shall imme-
diately, by written notice to the spon-
sor from the Director of the Center for
Drog Evalation and Research or the
Director of the Center for Biologlcs

2. FRCh. | (4~1-99 Edlicr

(¢ A sponsor who Intends to resome .

clinfeal investigation under an IND
placed on {nactive statuy shall submit
& protocol amendment .under §312.9

containing the proposed general jves. -

‘tigational plan for the coming year and

Evaluation and Research, terminate’

the IND. An IND 80 terminated {8 sub-
ject to relnstatement by the Director
on the basts of additional submissions
that ellminate such danger. 1f an IND
18 terminated undey this paragraph, the
agency will afford the sponsor an op-
portunity for 2 regulatory hearing
under part 16 on the question of wheth.
er the IND should be refnstated,

(Collection of information reéu!remcnts ap-
proved by the Office of Management and
Budget under conteol number 0910-0014)

(52 FR 381, Mer. 19, 199, ns amended et 52
FR 208, June 1, 1987 85 FR LI, Mar, %,
1957 FR I, Apr. 15, 1%)

§312.45 Inactive status,

{8) If no subjects are entered into
clinfeal studies for & pertod of 2 years
or more under an IND, or if all inves-
tigations under an IND remain on clin-
ical hold for 1 year or more, the IND
may be placed by FDA on Inactive sta
tus. This action may be taken by FDA
elther on request of the sponsor or on
FDA's own {nitiative, If FDA seeks to
act on ts own inttiative under this sec-
tlon, i shall first notify the sponsor in
wrlt|ng of the proposed Inactive status.
Upon recefpt of such notification, the
sponsor shall have 30 days to respond
83 to why the IND should contfnue to
remain active,

(b) If an IND is placed on inactive
status, all investigators shall be so no-
tiffed and all stocks of the drug shall
be resurned or otherwise disposed of in
accordance with §312.59.

() A sponsor 13 not required to sub.
mit annua) reports to an IND on inac-
tive status, An tpactive IND is, how-

appropriate protocols, If the protocol
amendment relies on {nformation pre.
viously submitted, the plan shall refe

erence such information. Addittonal fn- |

formation supporting the proposed in.
vestigation, if any, shall be submitted
in an information amendment. Not
withstanding the provisions of §312.30,
clinfeal investigations undér an IND on
fnactive status may only réstme (1) 30
days after FDA recelves the protocol
amendment, unles§; FDA notifies the
sponsor that the Investigations de.
serbed in the amendment are subject
to'a clinical hold under §312.42, or (2)
on eartier notification by FDA that the
clinical investigations described in the
protocol amendment may begin,

(¢) An IND that remalns on {nactive
status for 5 years or more may be ter-

minated under §$12.44,

{Collection of information reqairements ap-
proved by the Office of Management and
Budget under contro] number 0910-0014)

152 FR 8831, Mar, 19, 1987, 8 amended at 50
‘FR 04, June 17,281}

§31247 Meetings.

{2) General. Méetings between a spon. -

sor and the agency are frequently use-
ful in resolving questions anu issues
ralsed during the course of a clinical
Investigation. FDA encourages such
meetings to the extent that they ald In
the evaluation of the drag and fn the
solutton of sclentific problems con-
cerning the drug. to the extent that

FDA's resources permit, The general .

principle underiying the' conduet of
such meetings i3 that there should be

“free, full, and open communication

about any sclentific or medical ques.

tlon that may arise during the clinical

investigation, These meetings shall be
conducted &nd documented in accord-
ance with part 10,

(b) “End-of-Phase 2" meetings and
meetings held before submission of @ mar-
keting application, At specific times
during the drug investigation process,

food and Drug Admlnlsfroﬂon HHS

money and thu- In apeeding the drug
development and evaluation process, In
partirslar, FDA s found that meets
ings ut the end of Phase 2 of an taves.
Hgation (end-of-Phage 2 meetings) are
of considerable assistance in planning
«ter studles and that meetings held
near completion of Phase 3 and before
sabmisslon of & marketing application
(“pre-NDA" mestings) are helpfu) tn
developing methods of presentation
and submission of data In the ma

keting application that facilitate re-'

viaw and allow $imely FDA response,

1) End-of-Fhase 2 meetings~({1) Pur-
pose. The purpose of an end-of-phase 2
meeting i3 to determine the safety of
proceeding to Phase 3, to evaluate the
Phase 3 plan and protocols and the ade-
quacy of current studies and plans to
nssess pediatric safety and effective.
1e3s, a0d to Jdentify any additional fn-
formation necessary o support a man
keting application for the uses under
investigation,

(1) Eloibliity for meeting, While tha
end-of-Phase’2 mesting Is designed pu-
mardly for IND's involving new molec-
ular entities or major new uses of mata
keted drugs, a sponsor of any IND may
request and obtain an end-of-Phase 2
meeting.

(Itf) Timing, To be most useful to the
sponser, end-of-Phase 2 meetings
should be held before major commit-
ments of effort. and resources to- spe-

, Cifte Phase  tests are made. The sched-

uling of an end-of-Phase 2 meeting i
not, however, intended to delay the
transition of ‘an investigation from
Phase 2 to Phase 3,

(v} Advance fnformation. At least 1
month {n advance of .« end-of-Phase
meeting, the sponsor should submit
background Information on-the spon-
sor's plan for Phase 3, including sum-
marles of the Phase 1 and 2 {nvestiga-
tlors, the specifle protocols for Phase 3
clinfcal studles, plans for any addls
tional nonelinical studies, plans for pe-

‘diatrie studles, Including a time line

for protocol {Inaltzation, earofiment,

§31247
ual Guide 4850.7 that {3 publiely avafle
able under FDA's publio information
Tegulations in pact 2.

(v} Conduct of meeting, Arrangements
for an end-of-Phase 2 meeting are to be
made with the division in FDA's Center
for Drug Evaluation an! Research or
the Center for Biologles Evaluatlon -
and Resesrch which 13 responsible for
teview of the IND. The mesting will be
scheduled by FDA at a time conventent
to both FDA anc. the sponsor, Both the
gponsor and FDA may bring consulte
ants to the meeting. The meeting
shotld be directed primarily at estabe
lishing agreement between FDA and
the sponsor of the overall plan for
Phase 3 and the objectives and design
of particular studies. The adequacy of
the technlcal information to support
Phase 3 studtes andior & marketing ap-
plication may also be discussed, FDA
will also provide its best judgment, at
that time, of the pediatric studles that
will be required for the drag product
60d whether thelr submission will be
deferred until after approval. Agree-
ments reached at the meeting on these
matters witl be recorded {n minutes of
the conference ths i1l be taken by
FDA 1n accordance with §10.65 and pro-

‘vided to the spomeor. The minutes

completion, and data analysts, or infor.

matign to support any planned request
for waiver o deferral of pediatric stud-
les, and, f avalable, tentative Jabeling

along with any other written materal
provided to the sponsor will serve as a
permanent record of any agreements
reached. Barring a significant sef
entific development that requires oth-
erwise, studiés conducted In accord-
ance with the agreement shall b pre-
sumed to be sufficient ia objective and
deslgn for the purpose of obtaining
marketing approval for the drug.

(@) "Pre-NDA" and “pre-BLA" meets
ings. FDA has found that delays assocf-
ated with the Initial review of 8 mar-
keting application may be reduced by
exchanges of information about 8 pro-
posed marketing applieation, The pri-
mary purposq of this kind of exchange
{s to uncover any major unresolved
problems, to {dentify those studies that
the sponsor is relylng on as adequits
and well-controlled to establish the
drug's effectivensss, to identily the
status of ongoing or needed studies

ever, still in effect for purposes of the meetings between FDA and & Sponsor ..’ for the drug. The recommended con- adequate to agsess pediatric 'ty ond -
public disclosure of data and mforma . canbe espectally helpful In minimizing . 1 © tents of such 15 sabmission arg,de--. effectivaness;, 10 acquaint FP \feview.
t*(m umler§3121 i 5 e astefdlexp : - bed .more {217 1 FDA Staff Man+  ers with the general inforr. ' 1 £ be ¢

n+
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 ulunitted fn the marketing applica-'

Uon tincluding technical information),

W discuss appropriats methods for sta.
-Watical analysis of the data, and to dis-
cuss the best approach to the presen.
tatlon and formatting of data In the
marketing application. Arrangements
for such a meeting 2% to be initiateq
by the sponsor with the division re-
spansible for review of the IND. To per-
mit FDA to provide the sponsor with
the most usaful advice on preparing a
marketing application, the sponsor
should submit to FDA's reviewing divi-
slon at least 1 month in advance of the
meeting the following information:

{1 A brief summary of the clinical
studies to be submitted {n the applica-
tion, L

(1) A pr- sed format for organizing
“the submission, Including methods for
presenting the dava,

(i) Information on the status of
needed or ongoing pediatric studies,

{iv) Any other tnformation for discns-
sion at the mesting. . :

(Collection of information requirements ap-
proved hy the Office of Management and
Budat under control number 0910-0014)

(52 FR 8891, Mar, 19. 1967, sa amended at, 53

FR'Z01, Juné 17, 1687: 55 PR 11580, Mar, %9,
1690; 63 FR 66669, Dec. 3, 1996

§31248 Dispute resolution,

(a) General, The Food and Drug Ad-
minfstration 's committed o resolving
differences between Sponsors and FDA
Teviewing divisions with respect to re-
quirements for IND's a§-quickly and
amicably as possibla through the coop-
erative exchangs of Information and
views,

(b Administrative gnd procedural
issues. When adminlstrative or proce-
dural disputes arise, the sponsor should
first. allempt to resolve the matter
with the division in FDA's Center for
Drur Evaluation and Research or Cen.
ver for Blologics Evalustion and Re-
search which is responsible for review .
of the IND, beginning with the con.
sumer safety officer assigned to the ap
Plication, If the disputa is not Tesolved,
the 8ponsor may raise the matter with
the paioon designated ag ombudsman,
whose function shall be to Investigate
What has happened and to facllitate a
Umely and equitable resolution, Appro-
priate lasues " vaise with the ombuds-

ne

 fent times,

‘merdical issuss on which the sponsor
“dlsagrees with the agency,

" {eal policy issues not resolved by infor-

man Include resolving, difficulties Iy
scheduling meetings and obtaining
timely repltes to inquiries, Further de-
tails on this procedure ar contained i
FDA Staff Manual Guide 18207 thal Is
publicly available under FDA's plblic
information regulations fn PAre 0.,

(¢) Scientific and medical isputes, (1)
When sctentific or medical disputes
arise during the drug {nvestigation
process, sponsors should discuss the |
matter directly with the responsible
reviewing officlals. If necessary, spon-
Sars may request a meeting with the
appropriate reviewing officials ang
Imanagement vepresentatives in ordor
to seek & resolution, Reyaests for sueh
meetings shall bs directed-to the direg.
tor of the dlvision in FDA's Center for
Drug Evaluation and Research o Con-
ler for Blologics Evaluation and Re.
search which Is responsible for review
of the IND, FDA will make every at-
tempt to grant requests for Meelings
that involve Important issues ang that -
can be scheduled at mutually conven.

(&) The “end-of-Phase 2" ang "pre.
NDA™ meetings described in §3124700)
will also provide a tmely forum for
discussing and resoiving sclentific and

(3) In'requestir., a maoting designed
to resolve a scientific or medical dise
pute, applicants may suggest that FDA
seek the advics of outside experts, in
which case FDA may, in its discretion,
Invite to the mesting one or more of itg
advisory committes mombers or other
consultants, as deslgnated by the agen-
¢y. Applicants may rely o, and may
bring to any mesting, their own cop-
sultants, Por major sclentific ang mads

mal mestings, FDA may refer the mat.
ter L0 one of ity standing advisory com.
mittees for 1ts consideration ang Tec-
ommendations, - -

(5 FR 8631, Mar, 19, 199, a5 amandud ot 5
FR 11560, Mar, %, 53

‘Subpert D—Responsibilfies of -
Sponsors and Investigators

§31250 Genera) re@onsibiliﬁes of
poRsors,

ng qualifled fnvostigators, providing |

- 4odt or Dy Adiristtion, W

"them with the Information they need

to conduct an {nvestigation properly,
ensuring proper monitoring of the {n-
vestigation(s). ensuring that the fnves-
tigation(s) i» conducted {n accordance

With the geeral [ovestigational plan’

and protocols contained in the IND,
mainfaining an effective IND with re-
spect to the lnvestigations, and ensur-
ing that FDA and all participatiog in-
vesilgators are promptiv fnformed of
slgnificant new advarse ifects ot risks
with respect to the drug. Additional
specific responsibilities of sponsors are
described elsewhere in thir part,

§312.52 Transfer of obligations to a
contract ressarch organization.

(R} & Sponsor may transfer responsl-
bllity for'any or all of the olligations
sel forth In this part to a contract re-
search organization, Any such transfer
shall e :escribed tn writlng  not all
obligations are transferred, the writing
fs required to describe each of the obli-
gatlons being agsumed by the contract
research organization, If all obligations
are transferred, a general statement
that all obligatlons have besn trans.

ferred s acceptable, Any obligation not

coversd by the written description
ghall be dsemed not to have been trans-
forred. '

{o} A contrict research organizatiqn
that assuines any obligation of a spon-
sor shall comply with the specific regu-

latons in this chapter applicable to -

this obligation and shall be subject to
the same regulatory action as & gpon.
sor for {ailure to comply with any obli-
gation assumed under these regula-
ttons. Thus, all references to “spongor”
In_ this part apply to & contract re-
search organization to the extent that
it assumes one or more obligations of
the sponsor. S

§31253 Selecting investigators and §312

monitors,

{a) Selecting investigntors, A sponsor
shall sslect only tnvestigators qualified
by tralning and experience as appro.
priate experts to investigate the drug,

(b) Control of drng. A sponsor shall
ship investigational new drugs only to
Investigators participating in the fn.

_ : 1 vestigation,
Sponsors are respongibile for solect. '

{¢) Oblnining in/ovrmdziuﬁ from the in-
vestiqatar, Before permitting an fnvesti-

]

#.15G

s

‘gator o begin participation (n an fn-

vestigation, the sponsor shall obtain
the following: .
{1} A signed {nvestigator atatement
" (Form FDA-1572) contalning:

{1) The name and address of the fo-
vestigator;

{i) The name and cods number, if
any, of the protocol(s) {n the IND den-
tifying the study(ies) to be conducted
by the investigator; .

{ilf) The name and address of any
medical school, hospital, or other re-
search facility whers the olinical {nves-
tigation(s) will be conducted;

(fv) The name and- address of any

clinical laboratory facilities to be used
i the study;

(v) The name and address of the IRB
that is responsite for review and ap-
proval of the study(jes);

(v} A commitment, by the investl-
gator that he or she; ,

{a) Wil conduct, the study(les) in ac-

"cordance with the relevant, current
protocol(s) and will only maks chazges
In a protoce] after notiylng the spon-

'80r, except when necessary to protect -

the safety, the rights, or welfars of
subjects;

(%) WLl comply with all requirements
Tegarding the obligations of elinical fn.
vestigators and all other pertinent re-
quirements in this part;’

fe} WHll personally conduct or super-
vise the described investigation(s);

() Will inform any potential subjects
that the drugs are being used for {nves.
Ugational purposes and will onsure
that the requirements relating to ob
taining fnformed Consent (2L CFR part
50 and institutional review howrd re-
view and approval (21 CFR patt 56) are
met: ‘

(e} Will report to the sponsor adverse

experiences that oceur In the course of
the investigation(s) In accordance with
312.64;

{f) Has read and understands the in« ‘

formation in the investigator's bro-
chure, including the potential risks
and side offects of the drug: and

(¢) Will ensure that all associates,
colleagues, and smployees assisting In
the conduct of the studytles) are fn-
formed about their obligations in
meeting the above comm*~ents.

(V) A commitment . %9 Invegtl-
gator that, for an investigation subject
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§21254

t9 an instituttonal review requir~ment
under part 5, an IRB that complles
with the requirements of that part will
be responsible for the initial and con-
tinuing review and approval of the clin-
fcal Investigation and that the investi-
gator will promptly report to the IRB
all changes in the research aetiviy and
all unanticipated problems involving
risks Lo iuman subjects or others, and
will not make any changes in the re-
gearch without IRB approval, except
where negessary to eliminate apparent
{mmediate hazards to the human sub-
feets.

(wltn A 1ist of the nameg of the sub-
investigators (e.g., resedrch fellows,
residents) who will be assisting the {n-
vestigator in the conduct of the inves-
tigation(s).

(2) Currculum vifee, A curriculum
vitag or other statemen of qualifica-
tions of the investigator showing the
education, training, and experience
that qualifies the Investigator a3 an ex-
pert in the clinical fnvestigation of the
drug for the use under investigation.

(3) Clinical protocol, (1) For Phase 1 in-
vestigattons, & genera) outline of the
planned investigation including the es-
timated duration of the study and the
maximum namber of subjects that will-
be {nvolved. _

(i) For Phase 2 or 3 investigations,
an oubline of the study protocol includ-
ing an approximation of the number o
subjects to be treated with the drug
and the number to be employed as con-
trols, If any; the clinjeal uses to be ln-
vestigated: chatacteristics of subjects
by age, sex, and condition; the Kind of
clinfeal observations and laboratory
tedts to be conducted; the estimated
duration of the study: and coples or &
description of case report forms to be
used,

(@) Fianclal disclosure information.
Sufflclent accurate financial informa-
tion to allow the sponsor to submit
complete and accurate certifleation or
dsclosure statements required under
part 54 of this chapter. The sponsor
shall obtaln & commitment from the
clinteal Investigator to promptly up-
date this Information if any relevant
 changea occur during the course of the

for 1 year following

s She study Ve W

21 CER 1.1 (4-1-99 Edition)

() Selecting monitors. A sponsor shall
selort. a monitor qualified b+ "alng
and experience to monilor the progress
of the lavestigauion,

{Collection of Information_ requirements ap-
proved hy the Office of Manngement 2l
Budget ander contsol numher 0910-0014)

{52 FIUB831. Mar, 19, 1997, a9 amended aL 32
FIL 23, Jung 17, 1000 61 MR ST0. Nov. 6,
“1996; 63 PR 5262, Feb, 2. 1900]

§31254 Emergency research under
§50,24 of this chapter. '

(a) The sponsor shall monitor the
progress of all investigations involving
an.exception from- {nfermed consent
under §50.24 of thig chapter, When the
sponsor receives frobn the IR informa:
tion concerning the public disclosures
required by §50.24(a))H) and (M)
of this chapter, the sponsor prompuly
shall submit to the IND file and to
Docket Number 855-0158 i the Dockels
Management Branch (HFA-30G), Food .
and Drug Administration, 12420 Park-

{awn Dr., rm. 1-23, Rockville. MD 2087, L.

coples of the Information that was {fs-.
closed, identified by the IND number.
(b) The sponsor also shall monitor
such investigations to identify when an
TRB determines that It cannot Approve
the research because it does not meet
the criterfa In the exception in
§50.24(n) of this chapter of because of

other relevant ethical concerns. The -

sponsor promptly shall provide this in-

formation in wriling to FDA, inves-

tigators who are asked to participate
In-this of & suhstantially equivalent
clinteal {nvestigation, and other IRB's.
that are asked to review this or & sub-
stantially squivalent Investigation.

{6 FR 51670, Oct. 2, 19%6)

§312.55 ,Infonning investigators.
(a) Befor the investigation hegins. &

spunsor (other than & sponsor-lnvesti-

gator) shall give each participating
clinteal investigator an {nvestigator
brochure contalning’ the Information
deserihed in §312.28a8),

(b)
jnvestigation proceeds, keep each par-
ticipating investigator informed of new
obsetvations discovered by or reported

to the sponsor on the drue, particus
effects - . w

s, “Th sponsofsthall dIscontinne -

with respect 0 Adverse

“larly, | e
§id safe use. el Informatiof:

L

PR

The sponsor shall, as the overall ¢

Food and Dfug Adminisfration, HHS

disteibuted o Tovestigators by means’

“of cerlodieally revised Investigator

brochures, reprints or published stud-
les, reports or letters to clinical lnves-
tgators, or other appropriate means
Important safety information (s re—
quired to be relayed to investigators (n
-aecordance with §312.52,

(Collertion of Infarmation requireronta ap-
proved by the Offfee of Manngement and
Dudget under control number 0910-0014)

152 FRO8RIL Mar, 19, 198, as am
FR 23031, June 17, 1987) talet f“ o

§912.5 i
tiO?J B‘Review of ongoing investiga.

‘@) Th sponsor shall mont
progress of all elinjeal mvesti?:tigg:
being condueted ynder fts IN ‘

(b) A sponsor who discovers that an
Investigator Is not complying with the
signed agteement (Form FDA-1572), the -
peneral fnvestigational plan, or thé re-
quirements of this part or other appli
cable parts shall promptly efther se.
cure compliance or discontinue ship.
ments of the (nvestigational new drug
to the investigator and end the {nves
tigator's participation {n the lavestiga.
Fton. If the {nvestizator's participation
iz, .hie Investigation 13 ended, the spope
sor shall require that the {nvestigator
dispose of or return the investigational
drug in accordance with the requite.
ments of §312.59 and shall notify FDA.

(¢) The sponsor shall teview and
¢valuate the evidence relating to the
safety and effectiveness of the drug as
it is obtained from the Investigator,
The sponsors shall make such reports
1 FDA regarding Information relevant
10 the safety of the drug as are ré.
quired under §312.32, The sponsor shall
rtr;lf;k?nann;al reports on the progress of

vestigation {n a
. ccordance ylth

(d) A sponsor who determines that its
Investigational drug presents an unrea.
sonable and sigaificant-rink to subjects
shall discontinue those Investigations
that present the risk. notify FDA, all
lnstitutional review hoards, and all in:

vestigators who have at any time pag-
Helpated In the {nvestization of the
discont!: wnee, assure the disposition
of all stocks of the drug outatanding as
tequired by §312.59, and furnish FDA
fth & full report of the sponsor's. ac-

oe

§anas

the investigation aa soon as .
and in no event later than ﬁmhi;eg'
days after making the determination
that the investigation should be dis.
continued. Upon request, FDA will con.
{er with a sponsor on the need to dis-
contitue aa investigation.

(Collegtion of toformation

et requirements
proved by the Office of Management anpt;
Budget under control numbar 0910-0024)

(52 PR 8831, Mar, 19, 1987, us '
FR 2003, June 17, 1987) mented a2

431257 Recordh
ifr B eeplnlg and record re.
() A sponsor shall maintaln ad
quate records showing the recelp:.
dhlpment, or other csposiion of the
{nvestigational drug, Thess records are
required to {nclude, as appropriate, the
name )f the nvestigator to whom' the
g;%g gs tscl;lipped, and the date, quantity
ateh or code mark ¢ '
oy ‘ of each such
(b) A sponsor shall mafntaln
tom-
plete and aceurate records showing s.?y
{inancial interest o §544(a)OKD), -
(AXEXL), (8)BKHHLY, and (aHBXLY) of this
chapter paid to clincal fnvestigators

. by the sponsor of the covered study. A

sponsor shall also majntal

and accurate records co;:erﬁ’:;le:lel
other {inancial interests of {nvestiga. '
tors subject to part 54 of this chapter.
{¢) A sponsor shall retatn the records
and reports required by this part for 3
years after & marketing application is
approved for the drug; or, If an applicas
t10n 13 not approved for the drug, until
2 years after shipment and delivery of
the drag for favestigational use s dfs-
Boegbinued and FDA has been 30 noti-

(d) A sponsor shall retain
samples of any test artiele 'mriwgz
erence standard {dentified in, and used
In any of the bloequlvalence or blo-
avallability studies described {n
§320.38 or §32063 of this chapter, and
relegse the reserve samples to FDA
Upon request, in accordance with, and
for the petiod specifled {n §320.8,

(Collect s, of information Tequirerments ap-

proved by the Office of Mamagement
Budget under control number 0910-0014) B

(52 FR 8831, Mar. 19, 1987, an amended at 83~
FR 23091, Jine. 17, 1987; S°FR-2¢%2 Aﬁ:'.tg-f" -

1993: 3 FTU6352, Feb, 3, 1989)
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records and reports.

(8) .FDA inspection. A sponsor shall
upon request from any properly au-
thorized officer or employes of the
Food and Drug Administration, at rea-
sonable times. permit such officer or
employee to have access to and COpy
and verlfy any records and reports re-
lating to a clinical investigation con-
ducted under this part. Upon written
request by FDA. the sponsor shall sub-

records of any disposition of the

1199 Elfion)

" In accordance with §312.57,

mit the records or reports (o coples of -

them) to FDA, The sponsor shall dig.
continud shipments of the drug to any
investigator who has failed to maintain
or make available records or reports of
the investigation as required by this
part, ‘

(v) Controlled substances, If an inves-
tigational new drug is a substance list-
ed in any schedule of the Controlled
Substances Act (31 U.S,C. 801; 2L CFR
part 1308), records concerning ship-
ment, delivery, receipt, and disposition
of the drug, which are required to be

{Collection of information requireunts ~p.
proved by the Offlre of Management and
Budget under control number 0310-0014)

(52 PR 8831, Mar, 10, 1967, as amended at &
FR 203}, June 17, 1987)

§312.60 General responsibilities of in.
vestigators,

An investigator Is reaporible for en-
suring that' an {nvestigation 1s con.
ducted according to the signed Invest-
gator statement, the Investigational
Plan, and applicable regulations; for
protecting the rights, safety, and wel-
fare of subjects under the investizs-
tor's care, and for the control of 4 -5
under {nvestigation. An investigator

.ehall, in accordance with the provi-

kept under this part or other applica-'
ble parts of this chapter shall, upon the

request of a properly authorized em-

ployee of the Drog Enforcement Ad-,

ministration of the U.S, Department of
Justice, bs made available by the in-
vestigator or sponsar to whom the res
quest is made, for inspection and copy-
ing. In additlon, the sponsor shall as-
sure that adeguate precautions are
taken, including storage of the inves-
trational drug {n a securely locked,
substantially constructed cabinet, or
other securely locked, substantially
censtructed enclosure, access to which
I8 llmited, to prevent thett or diversion

slons of part 50 of this chapter, obtain
the informed consent of each human
subject to whom the drug i adminis-
tered, except a3 provided in §§50.03 or
§0.24 of this chapter, Additional spe-
cific responsibilities of clinical inves-

tgators are set forth in this part and

11 parts 50 and 56 of this ohapter,

{63 FR. 8831, Mar. 18, 1987, os amended at § ©

FR 5183, Oct. 3, 1986)

131261 Control of the investigational
drug,

An investigator shall administer the -

drug only to subjects under the inves-
tigator's personal supervislon or nnder
the supervision of & sublnvestigator re-
sponsible to the Investizator, The in-
vestigator shall not supply the inves-
tigational drug to any person not aus

thorfaed under this part to receive It. -

e

!

'
i
1
)
i

ot and Drug ﬁ?ﬁiﬁ’iﬁr@‘ﬁom HHS =

‘Individual administered the {nvestiza-

record all observations and olher dath
pertinent to the investigation on each

tional drug or employed as 2 contrc. .n
the lnvestigation. Case historfes in-

" clude the case report forms and sup-
_porting data Including; for example.

signed and dated consent forms and
medlical racords including, for example,
progréss notes of the physiclan, the in-
dividual's hospital chart(s), and. the
nurses' notes. The case histnry for each
individual- shall document that In-

~ formed consent was obtained prior to

participation in the study,

{c} Record retention. An investigator
shall retain records required to be
malntalned under this part for & period
of 2 years {ollowing tho date & mar-
keting application is approved for the
drug for the indication for which it is
being investigated; or, if no application
13 to be filed or If the application is not
approved for such indication, until 9
years after the fnvestigation is discon.
tinued and FDA fs notified,

{Collection of iﬁrormaclon requiremanta ap-
proved by the Office of Management and
Budget under control number 6310-0014)

(53 FR 8631, Mar. 19, 1987, ao amended at 52

FR 23031, June 17, 1887; 61 FR 57280, Nov. §,
1386) ’

{81264 Investigator reports,

(a} Progress reports. The {nvestigator
& 1 furnish all reports to the sponsor
of the drug who s responsible for col-
Jlecting and evaluating the results ob-
tainel. The sponsor is required under
§312.33 to submiy annugl reports to
FDA on the progress of the clinical in-
vestigations, .

R ‘§'312.:76J

tfication or disclomure statemer... as
required under part 54 of '3 chapter.

" The clinfcal investigator shall prompt-

1y update this information if any rel-
evant changes occur during the course
of the investigation and for 1 year fol-
lowing the completion of the study.

{Collectlon of Information requirements ap-
proved by the Offlce of Management and
Budget under control number 0910-0014)

(52 FR 8831, Mar. 19, 1967, as amended at 52
FR 23031, June 17, 1967, 63 FR 5252, Fev, 3,
1949) '

181266 Assurance of IRB review.

An investigator shall assure that an
IRB that. complies with the require-
ments set forth in part 56 will be re-
sponsible for the initlal and continuing
review and approval of the proposed
clinical study, The investigator shall
also assure that he or she will prompt-
ly report to the IRB all changes in the
research activity and all unanticipated
problems involving risk to human sub-
jects or others, and that he or she will
not make any changes in the research

‘ without IRB approval, except where

Decessary to eliminate apparent imme-
diate hazards to human subjects,

(Collection of fnformation requirements ap-
proved by the Offtce of Maoagement and
Budget under control mumber 0910-0014): .

(52 FR 8831, Mar. 19, 1987, as amendod at 52

FR 23031, June 17, 187}

§812.68 Inspection of investigators
" records and reports,

An investigator shall upon request
from any properly suthorized officer or

' - , ' i loyee of FDA, at reasonable times, -
of the substance into {llegal channels- §31262 Investigator recordkecpin (b) Sofety reporls. An Investigator €MD
of distrfbution, ‘ - and record retention, P shall promptly veport o the sponsor Permit such officer or employes to
o h bly have access to, and copy and vertfy any
(a) Disposition of drug. An investi- any adverss flect thet may reasonably by the investi
31249 Dispositon of unused supply . gyt g required 1 maintain adequate | 0° Te8afled a3 caused by, o probably ~ 8COrds or reports made by the fuvesti-
of investigational drug. b SO 1 caused by, the drug. If the adverse ef- BALOr pursuant to-§312.62 The fnvesti-

The sponsor shall assure the return
of all unused supplfes of the investiga-

tional drog from each individual inves- "

tigator whose participation fn the in-
vestigation is discontinved or termi-
nated. The sponsor may suthorize al-
bernative disposition of unused supplics
of the Investigational drug provided
this alternative disposition does not
expose humans to risks from the drug,
The sponss “shall maintain’ written

an

records of the disposition of the drug,
including dates. quantity, and use by
subjects, If the investigation i3 termi-
nated, suspended, discontinued, or
completed, the invastigator shall re-
burn the unused supplfes of the drug to
the sponsor, or otherwise provide for
dlsposition of M~ unused supplies of
the drug under §..4.58,

(b) Cose histories, An investigator 1s
required to prepars and maintain ale
quate and accurats case histories that

fect {s alarming, the {nvestigitor shall
report the adverse effect immediately.
{6} Final report, An Investigator shall
provide ‘the sponsor with an adequats
report ghortly after completion of the
investigator's participation in the fn-
vestigation, ' .
(d) Financia) disclosure reports, The
clinfeal investigator shall provide the
spongor with sufficlent aocurate finan-

~ clal infarmation to allow an-applicant

to ubmit complete and accurate cer

-gator {3 0ot required to divulge subject
names unless the records of particular
Individuals require a more dotalled
study of the cases, or unless thers is
reason to- belisve thab the records do
not represent actual cass studies, or do
not repregent actual results obtained.

§812.69 Handling of ' controlled

If the invéétigat’ional 7 Is subject '
to the Controlled Substauces Act, the

sub-

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881
Page 190

Joining Petitioner: Apotex



* Investigator shal take adequate pre-
* cautions, Including storage of the |p.
. Yestigational drog fn a securely locked,

substantfally construeted cabinet, or
other securely locked, substantially
coustructed enclosure, access to which
Is limited, to prevent theft or diversion
of the substance into {llegal channels
of distrlbution,

§31270 Disqualification of n clinfeal
mvemgator.

{8) I{ FDA has {nfo

that an investigator
sor-lnvestjgatqr) has repeatedly or de.
liberately falled to comply with the re-
Quirements of this PArt, part 50, or part
36 of this chapter, or has submitted to
FDA or to the sponsor {alse informa-
tion {n any required report, the Cente
for Drug Bvaluation and Research or
the Center for Blologles™ Evaluation
and Research will furnish the invest}-
gator written notie of the Matter.
complalned of and offer the {nvest-
gator an opportunlty to explafy the
matter In writing, or, at the option of
the fnvestigator,.|n an informal cop.
ference. If an explanation 13 offered but
Dot accepted by the Center for Drug
Evaluation ang Research or the Center
for Biologles Evaluation and Research,
the {nvestigator wilt be glven an oppor-
funity for o regulatory hearing under
Part 1§ on the question of whether the
investigator i3 entitled to recelve in-
vestigational new drugs, :

(b) After evaluating a]] avaflable {n.
format/on, Including any explanation
presented hy the Investigator, {f the
Commisstoner determines that the in.
vestigator has repeatedly or dellb-
erately failed to comply with the re-
Quircments. of this part, part 50, or part

56 of this chapter, or has deliberately
Or repeatedly submitted false {nforma-
tion to FDA or to the Sponsor in any-
required report, the Commissioner will
notify the investigator and the 3ponsor
of any investigation in which the {o-
vestipator has been named as o partici
pant that the Investigator |3 not entf.

rmation indicating
{Including a spon.

tled to receive {nvestigational drags.

The notitication will provide & state

ment of basts for such determination,
(c) Each IND and each approved ap-

plication submitted under part 414 con-

. (Collectlon of {nformation requirements ap.

41 CHRD. | (=199 Edon)

!
{nellgible to receive Investiontjomar !
drogs will be examined to devermine
whether the investigator has submiiey
tnrelfable data that are essential 1o ;
the ~=»tnuation of the Investigation 1
or essential to the AppIOvAl of gy
marketing application.
() It the Commissioner determines,
after the unrellable data submitted by i
the investigator are eliminated from i
_consideration, that the data remalnine ;
are {nadequate to support o concluslo 4
that 1t Is reasonably safe to continue
the fnvestigation, the Commissloner
will notify the sponsor who shall have -
an” opportunity for o regulatory hear
Ing under part 16, 1f & dénger to the
public health existd, however, the Gom.
missloner shall terminie the IND e
mediately and notify the pongor of L
determination, In-such case, the spop.
sor shal] have AR OPpOrtunity for o teg.
tlatory hearing before FDA unday part
16 on the question of whether the IND
shoutd be reinstated. o
{ the Commiss{oner determines,

after the unreliable data ‘submitted by
the investigator are eliminated from
conslderation, that the eontinued ap
proval of the drug product for which
the data were submitted cannot, be jus.
tiffed, the Commissioner wil) nroceed
to withdraw approval of the drug prod.
uet In accordance with the applicable
provisions of the act, ‘

(D) An fnvestigator who hag been de
termined to be {nsligthle to recsive ine
vestigational drugs may be reinstateq ;
83 eligille when the Commissioner de. o
termines that the investigator hag pre-
sented adequate assurances that the jp.
vestigator will employ investization)
drugs solely i compliance with the
provisions of this part and of parts 5
and 56,

proved by the Office of Manacement ang
Budges under control number 0910-0m14)

(52 FR 8831, Mar. 19, 1997, as amanded ot
FR 23031, June 17, 1991; 55 FR. 11580, Mar, 3,
1990; 62 FR 48876, Sepy, 5, 199)

Subpart E~Drugs Intended to
Treat Lfe-threctening and Se-
verely-debilltating linesses

Food ond Drug Administration, HHS

Soumee: 83 FR 4152, Oct. 2, 1980, unless
otberwise noted, o .

131280 Purpose..

The purpose of this section Is to es.
tablish procedures designed to expedite )
the development, evaluatlon, and mar-
keling of new theraples intended to
treat persons with life-threatening and
severely-lebilitating - ilinesses, espe.
oally where no eatisfactory alter
aative therapy -exlsts, A3 atated
§312.00(c) of this chapter, while the
statutory siundards of safety and effec.
tiveness apply to all drugs, the many
kinds-of drugs that are subject to
them, and the wide range of uses for
these drugs, demand flexibility {n ap-
plying the standards, The Food and

- Drug Administration (FDA) has deter-

mined that It Is appropriate to exerclee
the broadest flexibLilty tn applying the
stabutery standards, while preserving
Appropriate guarantees for safety and
effectiveness, These procedures reflect
the recognition that physiclans and pa.
tents ate generally willing to accept
greater riska or side effects from prod.
vety that treat lfe-threatening and se-
serely-debilitating fllnesses, than they
would ‘accept from products that treat
less serlous 1Inesses. These procedures
also reflect the recognition that the
benefits of the drug need to be evaln.
sted in lght of the severity of the dis-
ease being treated, The procedure ont.
lined in this section should be inter-
preted conaistent with that purpose,

£31281 Scope.

This section applfes to new drug and
biological products that are being stud. -
fed for thelr safety and effectiveness in
treating life-threatening or severely-
debilitating diseases,

{8) For purposes of this section, the
term “life-threatening” means:

{1) Diseases or conditions where the
Iikelthood of death 18 high unless the
course of the disaase 18 intermupted;
and . .

(2) Diseases or conditions with poten- .
Ually fatal outcomes, where the end
point of ¢ "l trial analysls Is sup
vlval, ¢ ‘ '

{b) For putposes of this sectlon, the

U term “severely debliitating” means

§28

(¢) 3pc: surs are encouraged to con-
8ui. with FDA on the applicability of
these procedures to specific producta,

153'FR 41520, Oct: 21, 1988, a3 ameyed at #
FR 40, Jan, 5, 19%)

EfFeeTivs: DATE NOTE: At 4 FR 401, Jan,
5, 1599, §21441 was amended by  aoving .
antiblotie,” from ‘the Introductory text, ef-
fective May 20, 19%, ’

$31282 Early consultation,

For products intended to treat Iife-
threatening or severely-debilitating 11-
nesses, sponsors may request to meet

“with FDAteviewing offlclals early In

the drog development process to review .
and reach agreement an the design of
Necessary preclinical and clinieal stod-
les. Where appropriate, FDA wil] invite
to such meetings one or more outside
expert scientific consultants ‘or advis
sory committee members, To the ex
tent FDA resources permit, agency res
viewing officials will homor requests
for such meetings

(8) Pre-tnvestigational new drug (IND)
meetings. Prior to the submission of the
Intial IND, the sponsor may request a
maeting with FDA-reviewing officials,
The primary parposs of this meeting a
to review and reach agresment on the
design of animal studies needed to (ni-
tiate human testing, The ‘meeting may
8léo provide an opportunity for dise
cussing the scope and design of phase
testing, plans for studying the drug
product in pediatric populations, and
the best approach for presentation and
formatting of data {n the IND,

(b) End-of-phase ! mestings, When data
from phase 1'clinteal testing ate ava)-
ble, the sponsor may agaln request &
meeting with FDA-reviewlng officials.
The primary purpose of this meeting 16
to review and reach agreement on the
deslgn of phase' 2 controlled #linical .
trials, with the goal that su .ssting
will be adequate to provide sufficient
data on the drag's safety and effective-
Ness to support & decision on its ap- )
provabllity for nirketing, and to dis-
cuss the need for, as'well as the design
and timing of, stadtes of the dtug in pe-
diatrie patients, For drogs for lfe-
threatening diseases, FDA will provide
ita best judgment, at that time, wheth.

taining data reported by an invostfs
;88101 Who has b

onditfons thas cause major.

-er. pediatric-atudies will be replenl
rsible morbidlty: |

o1 U3 sid whether' thelr submissior 1

etermined;to b, 2 y.5.C.om,

R

B, 35, 80,35, 1

on
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(631283 -,
Geforred until after approval The pro-
cedures outlined in $32470)(1) with
respect .to end-of-phase 2 confersnges,
including documentation of- gTee:
meals reached, would also b used for
end-of-phase 1 mestings, .

(53 FR 42822, Oct. 91, 1988, as amended at 63
FR. 66663, Dea. 3, 159)

131283 Treatment protocols.

If the preliminary analysis of phage
test results appears promising, FDA
may dsk the sponsor to submit a treat
ment protocol to be reviewad under the
procedures and criteris listed {p
#3234 and 212.35. Such 2 treatment
protoc’ ‘if requested and granted,
would normally remain iy effect while
the complate data Becessary for a mar-
ketivg application are being assembled
by the sponsor and reviewed by FDA
(unless grounds exist for clinical hold -
of ongolbg protacols, ag provided in
§312.42(b)axy), '

§31234 Risk-benefit analysis in revigw

of marketing a plimtifmu for dn:gu

to treat li e-truut'ening and ger
verely-debilitating iliesses,

(a) FDA's application of the staty.
lory standards for marketing approval
hall vecognize the need for » medical
lsk-benefit judgment in making the
‘Inal decision on approvability, As part
2 this evaluation, consistent with the
atement of purpose in §312.60. FDA
¥ill consider whether the bepefits of
'he drug outweigh the known angd po-
ential risks of the drug and the need
0 answer remaining questions about
1aks and benefits of the drug, taking
nto consideration the -severity of the
Isease and thé absence of Satlsfactory
lternative therapy.

(b) In making decisions op whether
© graot marketiog approval for prod-
cts that have begn the subject of an
nd-of-phase 1 mesting under §312.82,
DA Wil usually seek the advics of
utslda expert sclentific consultants or
dvisory committees. Upon the filing
( tuch 2 marketing application under
314,101 ot part 01 of this thapter, FDA
{11 notify the members of the relevant
;anding advisory committes of the ap-
llcatlon's flling and it availability
T revigw,

{0} I FDA conchudes that the data
‘esented are % sufficient for map

ML N

- _M:CFR,Ch. I (4=1-99.Edition)
keting approval, FDA wil] {ssug (fora
drug) a not approvable letter purgoant
%0 §314.120 of this chapter, or (for bio-
logic) & deflciencies letter consistent
with the biologleal product licensing
procedures, Such letter,

" the deficlencirs In the application, will
address why the resulta of the'research
design agreed to under §312.47, or'ln
subsequent meetings, have not pro-
vided sufficlent evidance for marketing
approval. Such letter wil] also describe
&ny recommendations made by the ag-
visory commil.. . regarding the appli.
catlon,
~ (d) Marketing applications suhmitted
under the procedures contatned in this
section will be subject to the require.
ments and procedures gontained in part
314 or part 600 of this chapter, a3 well
‘24 those {n this subpar,

§312.85 Phase 4 studies,

Concurrent with marketing approval, -

FDA may seok agreement from the
Sponsor to conduct certaln post-
marketing (phase 4) studies to delin.
eate additional information about the

drug's risks, benefits, and optimal use.

Thess studies coul] Include, but wouly
ot be limited to, studying differens
doses or schedules of adminlstration
than were used in phase 2 studies use
of the drug In other patient popu-
lations or other 8tagea of the disease,
or use of the drug over a longer period
of time, ‘

§31286 Focused FDA regulatory re.
search, ’

(At the diseration of fhe ageney, FDA
may undertake fognsed Tegalatory re-
search on critical rate-limiting aspects
of the .prectinical, chemical/manufac.
turing, and elinical phases of drog de.
velopment and evaluation. When {nitl.
ated. FDA will undertake sueh re-
search efforts as & means for meeting a
public health need (n {actlitating the
Qavelapment of theraples to treat ife

threaening or severely debilitating i1l.
nesses,

§31287 Active monitoring of conduct
and evaluation of clinical trials,

For drugs covered under this sectlon, |

the Commisafoner and.other agency of-
fictals will monitor the progress of the
conduct and evaluation of clinfeal

{n describing |

*Food chd Brig Adminshalorehis -

tials and be fovolved in factlitating
thelr appropriate progress.

- §312.88 Safeguards for patient slafe'ty.

All of the safepuards fncorporated
within parts 50, 56, 812, 314, and 600 of
this chapter designed to ensure the
safety of chinfcal testing and the safety
of products following marketing ap-
proval apply to drugs covered by this
section, This includes the requirements
for Informed consent (part 50 of this
chapter) and institutfonal review
boards (part 5 of this chapter). These
gafeguards further {nclude the review
of animal studies prior to initial
human testing (§312.23), and the moni-
toring of adverse drug experiences
through the requirements of IND safe-
ty reports (§312.32), safety update re-
ports durlng agency review of a mar-
keting application-1§314.50 of this chap-
ter), and postmarketing adverse reac-
tion reporting (§314.80 of this chapter),

Subpart F-Miscel}oneous

" 4312110 Import and export require-
ments,

(a) Imporls. An investigational new

druig offered for import into the United-

States complies with the requirements
of this part 1f it is subject to an IND
that is in effect for it under §312.40 and:
(1) The consignes {n tha United States
is the spongor of the IND; (2) the con-
signee 1 & qualified {investigator
named in the IND; or (3) tha consignes
Is the domestic agent of a forelgn spon-

sor. 18 responstble for the epntrol and

distribution of the investigational
drug. and the IND identifigs the con-
sirnee and deseribes what, If any, ac-
tions the consignee will take with re-
spect to the investigational drug. -

(b) Erports. An investipational new
drug intended for export from the
United States complies with. the re
quirements of this part as follows:

(1) 1t an IND fs in effect for the drug
under §312.40 and each persen who re-
celves the drug Is an investigator

- named in the application: or

(2) I{ FDA authorizes shipment of the

drug for vse {n & clinical investigation.

Autherization may he obtained as fol-

- lows;
"7 (1) Throvgh submisston to the Inter-

 atfonal Affairs Stafl (HFY-50), Asso-

a

Ve

ciate Commigsioner for Heali;h Aﬁalm.
Food and Drug Administration, 5600
Fishers Lane, Rockville, MD 20857, of &

written request from the person that

seeks to “wport the drug. A request
must provide adequate information

-about: the drug to satisfy FDA that the
drug is appropriate for the proposed in. -

vestigational use In humans, that the
drug will be used for investigatfonal
purposes only, and that the drug may
be legally used by that consignes in the

-importing country for the proposed in-
vestigational use. The request sball -

specify the quantity of the drug to be
shinped per shipment and "the fre-
quency of expected shipments. If FDA
authorizes exportation under this paras
graph, the agency shall concurrently

notify the government of the importing

country of such authorization,

" (1) Through submission to the Intar~
national Alfairs Staff (HFY-50), Asso-
clate Commissioner for Health Affairs,
Food and Drug Administration, 5600
Fishers Lane, Rockville, MD 20857, of
formal request from an autharized offi-

S
; har

. f« .;:i-j.f 53‘2"’”0 :

¢ial of the government of the country = -

to which the drug is proposed to be

shipped, A request must spectly that

the foreign government has -adequate
information about the drug and the
proposed investigational use, that the
drug will be used for investigational
purposes only, aud that the forelgn
government s satisfied that the drug
may legally be used by the intended
consignes {n that country. Such a re-
quest shall specify the quantity of drug
to be shipped per shipment and the fre-
quency of expected shipmenta.

(iti) Authorization to export an in-
vestigational drug under paragraph
(O)DXS) or (i) of this section may be.
reveked by FDA if the agency finds
that the conditions underlying its au-
thorizatfon are not longer met,

(3) This paragraph applies only where
the drug is to be used for the purpose of
clinical investigation, - - .

(4) This paragraph does not apply to

the export of new drugs (including blo-

logleal products, antibiotie drags, and
insulin) approved or authorized for ex-
port under section 802 of

U.S.C. 382) or section 351(hi.. .4) of the

act (2 .
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e

. Publlc Helth Serviee Aot (2 U5,
URIENAD, '

(Collection of Information requirements ap-
proved by the Offfce of Management and
Budget under control number 0910-0014)

{52 FR 883), Mar. 19, 1987, a3 amended at %
FR 23031, June 17, 1987; 64 FR 401, Jan, &, 1999

. EFFRCTIVE DATE NOTR: At 84 FR 401, Jan,
5, 1999, §312.110 was amencl by’ revising
paragraph (by4) and by removing paragraph
(bX5), effective May 20, 9. For the conven.

lence of the user, the superseded text fol-
Jows: '

§312.110 Import and export requirements,

&1 VIR WL ANTITTY CUINOTY

should PDA requrest, on resonds main-
lained by the investigator or addi-
Wonal background data such a3 hos-
pital or other institutional records;

(@) A description of the drug sub-
stance and drug product used fn the
study, Including a deseription of eom.
Ponents, formulation, specifications,
and bloavailability of the specific drug
product used in the clinieal study, if
available: and ' '

(5) 1f the atudy s intended to support
the effectiveness of a drug product, in-
formation ghowing that the study i
adequate and well controlled upder

Food and Drug Adminishetion, HHS

REeoMsexpaTIONs QUIDING PHYSICIANS IR
O THOMBNICAL RESEAKCH INVOLVING HUMAN

SUBJECTS

Introductlon

1¢ 1a the mission of the physician to safe-
guard the health of the people, His o her
knawledge and conssience are dedicated to
the fulfiliment of this minslon,

The Deciaration of Geneva of the World
Medleal Association binds the physician with
the words, “The health of my patient will be
my flest consideration,” and the Inter
nitional Code of Medical Ethics decintes
that, "A physiclan shall act only fn the pa-
tlent's interest when providiog medical care
which might have the effect of weakening

§312120 .

2, The design and nerformance of each exe
perimental procedure [hvolving huaman sube
fects should-be clearly formulated in an ex.
perimental protocol which should be trans.
mitted for conslderation, comment and guid--
ance to o specially appofinted committes
Independent of the investigator and. the
sponsor provided that this independent com.
mittee §s in conformity with.the laws and
regulations of the country In which the re-
search experiment 18 petformed.

3. Blomedical resesrch involving human
subects should be conducted only by scf
entifieally qualified persons and under the
supervision of & clinically competent. med-
1¢al person. The responsibility for the human
subject must always rest with a medically

N T rhr the physical and mental condition of the pee ;‘:&lgmﬁ:;:m‘:de‘;emxhg::;’g
! ’ tent." _ . A .
(hye s (¢) Conformance with ethiea! principles. The purpose of hlomedical research fnvols. 203 #1ven s of her consent,

{4) This paragraph does nét apply to the

expart of an antihlotie drug prodact shipped
{n accondance with the provisions of seetion
801(d) of the act,

{5) This paragraph does not apply to the
export, of few drugd (Including blological
products) approved for export unfer section
802 of the act or ssetion BUDKINA) of the

(1) Fotelgn clinical research is required

to have been conducted in accordance -

with the ethical principles stated in
the “Declaration of Helsinki" (e
paragraph (c)(4) of this section) op the
laws and regulations of the country {n
Wwhich the research was conducted,

- Ing human subjects must be to Improve diag-

nostle, thempeutie and prophylactie prose.

and pathogeneais of disease.

In current medical praciice most dfag-
nostle, therapeutie or praphylactic proce.
dures involve hazards, This applies espes

* dures and the undemtanding of the aetiology " proportion to the inherent risk to the sube

4, Blomedical tesearch involving human
subjects cannot legitimately be carried out
unless thé impoztance of the ohjective Ia in

jeet.

5. Bvery blomedieal research project In-
volving human subjects should be preceded

‘by careful aaseasment of predictable tisks in

¢lnlly to biomedical research, ;
Fubli Health Servico Act whichever reprasents the greater pro- Mellcal progress Is based on resesrch - COTIPRTSCR it foveteable benefits to the
suhject or to others. Concern for the inter
C e . tection of the individual, KhIh ultimately musk Fest I JATS ON % yupyof e wabject mast alvags proval over
*

$312.120 -Foreign clinical studies not
conducted under an IND,

{8) Introduction. This section de-
seribes the criterla for acceptance by
FDA of forelgn clinical studies not con-
ducted under an IND. In general, FDA
accepts such studies provided they are
well deslgned, well conducted, per-
formed by qualified {nvestigators, and
conducted in accordance with ethical
principles acceptable to the world com-
munity. Studies meeting these criteria

may be utillzed to support ciinical fa-

vestigations in the United States and/
or 'marketlng approval. Marketing: ap-
proval of & new drug based solely on
foreign clinical data is governed by
§314.106.

(b) Data submissions, A Sponsor whio
wishes to rely on a forefgn clinical
study to support an IND or to support
a1 application for marketing approval
shall submit to FDA the followlng In-
formation: '

(1) A deseription of the investigator's
qualifications;

() A description of the research fa-
cllitles;

(3) A detatled sammary of the pro-

_‘ﬁgcpl and results of

i+

theswdys . &nq,“
T PEEIONNN!

(&) For each foreign clinfcal study
submitted under this sectlon, the spons
sor shall explatn how the research con.
formed to the ethical principles cop.
tained {n the “Declaration of Helsinki”
or the forien country's standards,

whichever were used, If the forelgn

country's standards were used, the
sponsor “shall éxplain in detall how
those standards differ from the “Dec-
laration of Helsinki" and how they

‘offer greater protection,

(3) When the research has been ap.
proved by an independent review com.
mittee, the sponsor shall submit to
FDA documentation of such review and

-approval, Including the names and
qualifications of the members of the
© committes. In this regard, a “review

committes” means a committee com-
posed of selentists and, where prac.
ticable, individuals who are otherwise
qualified (e.g., other health profes-
slonals or laymen). The lnvestigator
may pob vote on any aspect of the re.
view of his or her protocol by 4 review
comnittee, ,

(4) The “Declaration of Helsink]"
states a3 follows: . :

perimentation invelving human subjects,

I the fleld of hiomedical reseatch a fundae
mental dlstinction must be recognized be-
tween medical research in which the aim s
essentially dingnostic or therapeutic for &

" patient, and medical research, the essential

abject of which {s purely sclentific and withs
out implying direct diagnostic or thera.

peutic value to the persen subjected to the

resgarch, '

Speclal cautlon must be exerelsed In the
conduct of research which may affect the en-
vironment, and the welfare of animals used
for research must be respected, )

Because 1t 18 essential that the result of
lahoratory experimenta he appled t0 human
belng to furthet aclentific knowledgs and to
help sulfering humanity. the Warld Medieal
Associntion has prepared the following rec.
ommendations as & gulde to every physlelan
“In biomedical research involzing human sgh.
jects. They shoud he kept under teview in
the future. It must he stressed that the
standardg a3 drafted are only a guida to phy-

siclans a1l over the wotld. Physiciana are not

relfeved from eviminal, ¢{vil and ethical res
sponsihiiities under the laws of theit own

©countries,

' 1. Buste Pringipled

-1* Blomedleal research Involving human
subjecty mest eonform to generally acoepted
selentific ptinciples and should be bnsed on

" . equately perfdrmeil Iaboratory and animal

'exne_rhnmmlqg;?nd on e thorouzrtknowl-

75 of the sclof e iterature, e " g

2.

the Interests of science and soctety,

8. The right of the researeh subject to safe-
guard his or ber integrity must always be re.
spected, Evety precaution should be taken to -
respect the privacy of the subject and to
minimize the impact of the study on the sub-
Ject's physical and mental integrity and on
the personality of the subject.

7. Physicians should abstatn from engaging
In renearch projectr involving human suh
Jects unlesa they arc satisfled that the hae.
ards involved are believed to be predictable,

. Physiclans should cease any investigation it

b

the hazards are found to outweigh the poten-
tial henefits, .

8. In publication of the results of his or her
tesgarch, the phyalcien i obliged to preserve
the accarecy of the results, Reports of ex.

" paMimentation not In accordance with the

principles Jaid down in this Declaration
should not be accepted for publication.

. 9. In any research on humah belngs, each
potential subject must be adequately ‘ine
forimed of the aims, methods, anticipated
henefits and potential bazards of the study
and the diseomfort it may entall. He or she
should be informed that he or she 15 at lb-

- ¢ty to abstain from participation in the

sty and that he or she Iy {ree to withdraw
his or her consent to participation at any
time. The physician should then obtais the
subject's freelv-given informed consent, pref-
erably n weitiug,

10. When obtaining informed consent for

. the reseateh project the physieian should be

particulirly-cadtions™lf the ¢ ¢ {8"in 8

) L ' 0
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dependent relationship to bim or hér or may

consent under duress, In that case the s
- formed consent should bs obtained by a phy-

slalan who 18 0ot engaged {g the (nvestiga.

tion and who I3 completely independent of

this officlal relatlonship,
" 11 In cane of legal incompeteance, informed

conaent should be obtained from the legal
10 aceordance with nationa) Jegls-
lation. Where physical or meotal {ncapacity
makes 1t Imposathle to obtain Informed cone
samt, or whon the sobjact fa g minor, permig-
sion from the responaidle relative replages
that of the dubjest n accordance with na-
tlonal legialation, -

Whenever the minor child 13 in (act ahle to
g1ve & consent, the mizor's consent must be
obtalned in addition to the congsnt of the
minor's legal guatdian, '

12. The research
contaln a statement of the ethical coniden
atlons iavolved and shogld indicats that the
prinolples enunciated tn the Present Declara.
tlon are complied with,

1. Medical Research Combined iith
Profexsiong] Care (Clinical Reseqrch)

1, In the treatment of the sick pevson, the
phystolan must bo free to use o ew dlag-
nostio and therapeutic measure, if I his op
ber Judgment it offeps haps of saving lifs, re-
establishing health or alleviating suforing,

2. The potent(al beneflts, hazards and dls.

- comfort of & new method should b weighe]
agalnst the advantages of the best current
dlagnostio and therapeutio methods.

3. In any medical 8tudy, svery patientin.
cluding those of o control geoup, if anyw-

protocol should always .

' Ty !
¢ R0 CRCh, He- A o).

the exparimantal destgn is ot related to the
patient's ilness, ‘

3. The investigator or the Investigating
beam should discontinue the ressarch i "
hister or their Judgment, 1t may, 1f contipe
ued, be harmful to the Indjvidual, ] .

4 In Tesearcd on man, the Interast of
sclence and soctety should naver take proces
dence over considerutiang relgted 10 the
wll-being of the subjact, )
(Collection of information requirements ap.
proved by the Office of Management and
Budget under control number 0910-0014)

(52 FR 8831, Mar. 18, 1987, 64 amended at 5
FR 2031, June 11, 1987, 5 FR 20113, May 14,
1991;64.1"& W Jan. 5, 1999)

" ErrecTive Date Nore: At 84 FR 401, Jan,
5, 1999, §313.120 wag amended by remosing
“or antibiotic drug" from the last sentanes
of paragraph (a), effective May 20, 1595,

1312130 Availability for public disclo-.
ﬁrDe of data and information ju ap

a) The existence of an {nvestiga.
Honal new drug application will not be
disclosed by FDA unless it has pre.
vioualy been publicly disclosed or ac-
knowledged,

(b} The availabllity for public disclo.
Sure of all data and fnformation fn'an -

Anvestigationa] new drug application

for a new drug will be handled in g
cordance with the provisions estab

Teacond lug Adrminslicon,Hes

L
H K

aubmit & request under the Freedom of

Information Act.

(52 FR 8831, Mar, 19, 1967, Redlrsienated at 53
FR 41523, Oct. 21, 1988, as ami .ded at 6] FR
§1630, Oct, 2, 1996, 64 FR 41, Jan, $, 1699)

EFPEL‘TNE Date Nore: At &4 FR 401, Jan,
5. 1099, §312.130 was amended by removing
“or antihlotlc drug” from paragraph (b), ef-
fective May 20, 1999,

$312.140 Address for correspondence, .

(a) Except a3 providad {n paragraph
(b) of this section, & sponsor shall send
an initial IND submission to the Qep.

tral Document Room, Center for Drug

Evaluation and Research, Food and
Drug Administration, Park Bldg., Rm,

314, 12420 Parklawn Dr., Rockville, MD'

20852, On recefving the IND, FDA will
inform the sponsor which one of the di-
vistons {n the Center for Drug Evalua-
tion and Research or the Center for
Blologics Evaluation and Research s
responstble for the IND, Amendments,
Teports, and other correspondence re-
lating o matters covered by the IND
should be directed to the appropriate

division. The outside’ wrapper of each”

submigsion shall state what {3 cog-
tained in the submission, for exampls,
“IND Application", “Protocsl Amend-

T o T

(¢) A1l correspondence relatlné to b

ologlcal products for human uss which .

are also radioactive drugs shall be sube

. Tnitted to the Division of Oncology and

Radiopharmaceutical Drug Products
(HFD-150), Cantar for Drug Evaluation
and Research, Food and Drug Adminis-
bratlon, 5600 Fishers Lane, Rockville,
MD 20857, except that applications tor
coupled antibodies shall be sabmitted
in accordance with paragraph (b) of
this section.

(d) All correspondence relating to ex-
port of an {nvestigational drug under
§312.110(bX2) shall be submitted to the
International Affalrs Stagt (HFY-50),
Office of Health Affatrs, Food and Drug
Administration, 5600 Fishers Laus,
Rockville, MD 20057,

{Collection of 1nforﬁmhfon Tequirements ap-
Proved by the Office of Mansgement and
Budget under control number 0910-0014)

(52 FR 9831, Mar, 19, 1987, as amended af 5

FR 23031, June 17, 1887: 55 FR 11580, Mar, 25,
1850) ’

§312.145 Guidelines,

(2) FDA has made avallable guids.
lines under §10.90(5) to help persons to
comply with certain requirements of

Mahed In §314.40 for the confldentility | ment ete, Blspart, - ‘
should be agsured of the best proven diag-  of data and Information fn applications (b) Applications for the products list- () The Center for Drug Evaluation
m‘at‘llgh and mp:ut;lc method. Submiited n part 314, Toe avaflatiliy | o below should be submitied to the Dj- and Research aud the enter for Blo-
i m;i;‘mm :em°[g::r;:$,fh“tﬁ:%’;;f for public disclosure of all dats ang ig. vilon of Blologlcal lnvestigational 1061cs Evalustion and Research main.
ailan-gationtrelatiouship, formation In ap nvestigational new '

5. 1f the physician considers 1 essantfal
Bot to obtafn informed consant, the spacific
reagons (or thig proposal should be stated In
the exporimental protoss} for transmission
%0 tho indepandent, committes (1.3

6. The phyaiclan can combine medical re-
pearch with orofessional caro, the objective
being the acquisition of new medical knowl.
edee. only to the extent ihat medical re.
search Is justifled by its potential diagnostic
or thirapeutic valug for the patient,

IN. Non-Therapeutic Biomediea) Research In.

velting Human Subjests {Nen-Clinical Bio.

medical Research)

L. In the purely sctentific application of
medical research carried .out on & human
being, 1t 13 the duty of the physleian 1o re.
main the protector of the Hfe and heniph of
that persan on whom blomedical resaarch {s
belng carried out, )

3. The auhjects should he volunteerswsf.
ther healthy p s or atients for whom

drug application for 5 blologlcal prog.
tet will be governad by the provisions
of §§601,50 and 601.5). :

{c) Notwlthstanding the provisions of
§314.430. FDA shall discloge upon re.
quest to an individua] to whom an in.
vestigational new dryg has been given
& cony of any IND safety report relat.
ing to the use fn the Individual,

(d) The avallability of Information
required to be publicly disclosed for in.
vestigations {avolving an excaption
from informed congont under §50.24 of
this chapter will be handled as follows;
Persons wishing to request the publicly
disclosable {nformation {n the IND that
¥as Tequired to be flled fn Docket
Number 955-0156"in the Dockats Man.
agement Branch (HFA-X5), Pood and
Brug. Administration, 1240 Parklamy

O, an 2, Rockvil, MD 2088, sal '}

New Drugs (HFB-230), Center for Bio-
logics Evaluation and Research, Food

“and Drug Administration 8800 Rock-

ville Pike, Bethesda, MD 20892, (1)
Products suhject to the lcensing provi-

sions of the Public Health Service Act

of July 1, 1944 (58 Stat, 64). a amended
(TUS.C. 200 ef seq.) or subject to part,
§00: 12) ingredients Packaged together
with containers intended for the collec-
bon, processing, or storags of blood or
blood components; (3) urokinase prod-
ucts; (4) plasma volume expanders and
hydroxyethy! stareh for lenkapheresis;
and (5) coupled antibodias, e, prod-
uets that consist of an antibody com-
ponent, coupled with a drug or radio-
nuclide component in which both com-
ponents provide a pharmacological ef-
fect but the blological component de-
Yermines the site of action,

taln lists of guidelines that apply to
the Centers' regulations, The Nats
state how a person tan obtag 3 oDy of
gach guldeline, A request for a copy of
the lists should be directed to the
CDER  Exechtive Secretarfat Statf
(HFD-), Center for Drug Evaluation
and Researeh, Food and Drug Adminls-
Uration, 5600 Fishers Lage, Rockville,
MD 20857, for drug products, and the
Congressiona), Consumer, and Inter-
ne'donal Affafrs Staff (HFB-142), Cen-
Ver for Biologics Evaluation and Re-
search, Food and Drug Administration,
800 Rockville Pike, Bethesda, MD
20632, for blologleal products.

(52 FR 6831, Mar, 13, 1967, s amended at S5

FR. 11580, Mar, 29, 1890: % FP 714, Jan, 31,
19315 5T FR 30834, Mar, 31, 1997

5312045
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Jvie oy

“Subprt G-Drugs for Invesfigg-
fional Use In Laboratory ge-
mch Animals or In Vitro
e

1312180 Drugs for investigationa) wse
in Iaboratory research animals or
in vitro tests,

(8) Aythorization to ship. (1)1) A per:
500 may ship a drug {ntended golely for.
%ests n vitro or {n animals ugeq only .
for laboratory research purposes |f it i
labeled as follows; -

CAUTION: Contatns 3 pew drug for inves.
tipational ugs only 1p laboratory reseasch

boimals, or for tests in vitso, Not for use in
humans, '

(1) A person may ship’a blologleal
product for Investigational o vitro dj-
agnostle use that fs lsted fn
§3L2.20502000) 1f 1t 13 labeled 23 follows:

CAUTION: Contafns & blologieal product

for investigational In vitro diagmostie tests
only. o 4

(&) A person shipping a drog under °
paragraph (a) of this section shal) use
lue diligence to assure that the con-
dgnee 13 regularly engaged In con-
lucting such tests and that the ship-
nent of the new drug wij] actually be
1ed for tests n vitro or in animals
1sed orily for 1aboratory research,

(3} A person who ships a dreg under
aragraph (8) of this section shal]
naintaip adequate records showing the
lame and post office address of the ex.
‘ert to whom the drug is shipped and
he date, quantity, and batch or code
1ark of each shipment and delivery,
tecords of shipments under paragraph
3)1)(1) of this section are to be main.
Alned for a periog of 9 years after the
biprhent, Records-and reports of data
nd  shipments under paragraph
WD) of this section are to be maln-
tined o accordance with §312.570),
he person who ships the drug shall
pon request from any properly -au-
lorlzed officer or employes of the
ood and Drug Administration, at res.
mable times, permit sueh officer or
nployee to have acoess to and copy
1 verify records required to be malp.
ned under this section,

(b) Termination of authorization t
ip. FDA may terminate authoriza-
-onto'ship & drug under this section if

pefindsthat: oo gt B
BRI

AN

21 CFR Ch. | (4199 elon)

conditions for shipment " establisheq
under this section; or

{2) The continuance of tha investios.
ton i3 unsafe or othemvise contrary to
the public interest or the drug 15 useq

* for purposes other than bopa fide 8el-
entific fnvestigation. FDA winl notly

the person shipping the drug of tta find.

Ing end Invite Immediate correction, 1t
correction 1s not immediately made, |

the person shall have an 0ppottunity
for a regulatory hearing befors FDA
pursuant to part 16, :

(c) Disposition of unused drug, Tha
person who ships th,e drug under parg.
graph (a) of-this section shall asaure
he return of all unused supplies of the

drag from Individus) {nvestigators’

whenever the {nvestigation dison.

Unues or the investigation {8 terml.

nated. The person who ships the drug
Mmay authotize In writing alternative
disposition of unused supplies of the
drug provided this. alternative dtspos}s

Hon does not expose humans to risks

from the drug, efther direetly or ingi-
rectly (es, through. food-producing
animals). The shipper shal) maintajp
records of any alternative disposition,

{Collection of infermation reqdlrements [T

proved by the Office of Management ang
Budget under control numbar 0910-0014)
(52 PR 8831, Mar. 19, 1981, a8 amended at §

FR 23031, June 17, 1987, Redesignated at 5
FR 41523, Oct. 21, 1688)

PART 314=~APPLICATINS FOR FDA
SESEOVM 10 MARKET A NEw

Subpart A=General Provisions

See,

341 Scope of this purt,
3142 Purpose,

343 Dellnitions,

* Subport B-Applieations

345D Content and format of an application,

31452 Notice of certification of tovalldity
or noninfringement of a patent,

31453 Suhmission of patent Information,

31454 Procedure for submisslon of ag applle

calion quiring fnvestigations for ap-
proval of & new tndleatlon for, or other

. gz hnnge from, o i pedulrog, . - oy
NEEY A T 314% Pedlatric use Informatlon, . . . -

{1) The sponsor of the {nvestipation - |
has failed to comply with any of the

food and Drug Administration, HHS

346, Amendments to an unapproved appll-
citlon, - .

M Withdeawal by the applicast of an une
approved application,

3470 Supplements and other changes to an
tpproved application. :

247 Procedures for submission of a sup
plement to an approved application,

. 37 Change In ownership of an applica

tlen.
J480 Postmarketing reporting of adverse
- drug experlences,
3481 Other postmarketing reports,
MY Waivers,

Subpart C—-Abbrevicted Applications

3492 Drug products for which abbreviated.
appiications may he submitted,

3433 Petition to request & change from o
listed drug.

I Content and format of an abbroviated

application,

1435 Notice of certification of Invalldity
or noninfringement of a patent,

§1456 Amen-t:nents to-an unapproved abbre-
viated application.

8 Supplements and other ehanges 46 an
approved abbreviated application,

31499 Postmarketing reporta, .

3489 Other responnibilities of an appllcan
of an abbreviated application,

Subpar D—FDA Action on Applications
and Abbrevisted Applications

34.000 Timeframen for reviewing applica-

Llons and ahbreviated applications.
310" Filing an application and recelving
an abbreviated new drug appieation,

34102 Communications between FDA and
applicants, :

314103 Dispute resolation.

94104 Drugs with potential for abuse,

31405 Approval of an application and sn
abbreviated application,

34006 Forefgn data,

14107 Effective date of approval of a
505thi2) application or abhreviated new
drug application under section 505()) of
theagt,

U418 New drug product excluslvity,

4110 Anprovable letter to the applicant,

214190 Not approvable létter to the applls,

cant,

" 3412 Submiteing an abheeviated applices

tion for, or & §05(1)2)(C) petition that ree
lies on, & llsted drug that 13 no longer
marketed.

314125 Refusal to approve an application.

. 314128 ‘Adequatesand well-controlled stud-

fes, , ,
34121 Refusal to approve an abbreviated
new drug application, .

-

od application, ~

P.314

4151 Withdrawal of approval of an abbres
viated new drig application under seos
tion 505(j)(8) of the act,

414152 Noties of withdrawal of approval of

. enapplication or abbreviatad application
for & new drug,

34.183 Suspension of approval of an abbte
viated new drug application,

314.180 Approval of an application of abbres
vinted applieation for which approval
was previously refused, suspended, or
withdrawn, )

3461 Determination of reasoms for vol
untary withdm #a) of a listed drag,

314362 Removal of a drug product from the
Jist.

34170 Adulteration and misbranding of an
approved drug,

. Subpart E~Hearing Procedures for New
Drugs

314200 Noties of opportunity for héating;
notice of participation and request for
hearing: grant or danfa] of hearing.

34200 Procedurs for hearings,

Y25 Judictal review,

. Subport F=Adminisrative Procedures for

Anfibloties

* 814200 Procedure for the issuance, amend-

- ment, or repeal of regulations.

Subpart G—Mlscenun_eous Provisions -

314410 Iniports and exports of new drugs,

34420 Drug master files.

4430 Availability for public disclosure of
data and information in an applleation '
or abbreviated application,

31440 Addresses for applications aud abe
brevinted applications,

314445 Quidelines,

Subport H=Acceleraled Approval of New
" Drugs for Seous of Lite-Tredtening 1.
nesses

314500 Scope, )

314510 Anproval bhsed on a surroRate end.
point or ob an effect on & clinieal end-
point other than survival or irreversible
motbidity.

314520 Approva) with restrictions to assure
8afo une,

314590 Withdrawal procedures,

314510 Postmarketing safety reporting,
31455 Promotional materials,

814560 Termination of requirements.

AvmHoRITY: 28 US.C. 321, 331, %81, 362, 38,
285, 01, 204, 0e. -

otherwise noted,

ibE e

| 122, Withdrawal of aporoval of an applf ~BotRes: 8:-FR O] P, 1
Ty dr'abbreVIg'ﬁ |
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ATTACHMENT I

Copy of BLA Submission Acknowledgement
Letter from FDA

Mylan Exhibit 1024
Mylan v. Regeneron, IPR2021-00881
Page 196

Joining Petitioner: Apotex



“ v”
¢
‘y m%voﬁ
i _/g DEPARTMENT OF HEALTH AND HUMAN SERVICES

Food and Drug Administration
Silver Spring MD 20993

Our STN: BL 125387/0 BLA ACKNOWLEDGEMENT
March 8, 2011

Regeneron Pharmaceuticals, Inc.
Attention: Laura Pologe, Ph.D.
Associate Director, Regulatory Affairs
777 Old Saw Mill River Road
Tarrytown, New York 10591-6707

Dear Dr. Pologe:

We have received your Biologics License Application (BLA) submitted under section 351 of the
Public Health Service Act (PHS Act) for the following:

Name of Biological Product: Aflibercept Ophthalmic Injection

Date of Application: February 17, 2011

Date of Receipt: February 18, 2011

Our Submission Tracking Number (STN):  BL 125387/0

Proposed Use: Neovascular (Wet) Age-Related Macular Degeneration

If you have not already done so, promptly submit the content of labeling [21 CFR 601.14(b)] in
structured product labeling (SPL) format as described at
http://www.fda.gov/oc/datacouncil/spl.html. Failure to submit the content of labeling in SPL

format may result in a refusal-to-file action. The content of labeling must conform to the format
and content requirements of revised 21 CFR 201.56-57.

You are also responsible for complying with the applicable provisions of sections 402(i) and
402(j) of the Public Health Service Act (PHS Act) [42 USC §§ 282 (i) and (j)], which was
amended by Title VIII of the Food and Drug Administration Amendments Act of 2007
(FDAAA) (Public Law No, 110-85, 121 Stat. 904).
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BL125387/0
Page 2

The BLA Submission Tracking Number provided above should be cited at the top of the first
page of all submissions to this application. Send all submissions, electronic or paper, including
those sent by overnight mail or courier, to the following address:

Food and Drug Administration

Center for Drug Evaluation and Research
Therapeutic Biological Products Document Room
5901-B Ammendale Road

Beltsville, MD 20705-1266

All regulatory documents submitted in paper should be three-hole punched on the left side of the
page and bound. The left margin should be at least three-fourths of an inch to assure text is not
obscured in the fastened area. Standard paper size (8-1/2 by 11 inches) should be used; however,
it may occasionally be necessary to use individual pages larger than standard paper size. Non-
standard, large pages should be folded and mounted to allow the page to be opened for review
without disassembling the jacket and refolded without damage when the volume is shelved.
Shipping unbound documents may result in the loss of portions of the submission or an
unnecessary delay in processing which could have an adverse impact on the review of the
submission.

If you have any questions, call Michael Puglisi, Regulatory Project Manager, at (301) 796-0791.

Sincerely,

/Maureen P. Dillon-Parker/

Maureen P, Dillon-Parker

Chief, Project Management Staff

Division of Anti-Infective and Ophthalmology Products
Office of Antimicrobial Products

Center for Drug Evaluation and Research
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