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1
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 Intema-
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 berein 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 Fltl receptor polypeptides that have
been modified in such a way as to improve their pharma-
cokinetic profile. The field of this invention also relates to
methods of making and using the modified polypeptides
including but not limited to using the modified polypeptides
to decrease or inhibit plasma leakage and/or vascular 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 receptars 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 p,-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 (Har, 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
1gE/FceRI complex and cross-links adjacent IgE molecules
(Sutton & Gould, 1993, Nature 366:421-428).

Often, the tissue distribution of a particular receptor
within higher organisms provides insight into the biological
function of the receptor. The RTKs for some growth and
differentiation factors, such as fibroblast growth factor
(FGF), are widely expressed and therefore appear to play
some general rolc 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 (N'1-3) and neurotrophin-4/5 (NT-4/5),
which bind the Trk RTK family receptors, promote the
differentiation of diverse groups of neurons in the brain and
periphery (Lindsay, R. M, 1993, in Neurotrophic Factors, S.
E. Loughlin & J. H. Fallon, eds., pp. 257-284, San Diego,
Calif., Academic Press). FceRl is localized to a very limited
number of types of cells such as mast cells and basophils.
Mast cells derive from bone marrow pluripotent 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 1rk 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.
U.S.A., 87. pp 2628-2632]; and conditioned growth media
of bovine pituitary follicle stellate cells [Ferrara and Henzel,
(1989), Biochem. Biophys. Res. Comm., 161, pp. 851-838;
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, hemangio-
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 resuits 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. .

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
VEGF 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 bul not
containing the sixth immunoglobulin-like domain and the
seventh immunoglobulin-like domain thereof shows a
VEGF inhibitory. activity.

Sharifi, J. et al., 1998, The Quarterly Jour. of Nucl. Med.
42:242-249, disclose that because monoclonal antibodies
(MAbs) are basic, positively charged proteins, and 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 fo 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 1L.-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 (I1L.-2) results in a compound, polyethylene glycol-
modified 1L-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 Fli4.

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

In stll 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 Flt] 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 F1G. 14A-14C (SEQ

ID NO:5),

(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

ID NO:9);

() 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), (&), (), 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 encaded 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 asciles.
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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
VEGF receptor and the amino acid sequence of Ig domain
3 of the extracellular domain of a second VEGF receptor.

In a further embodiment of the fusion polypeptide, the
first VEGF receptor is Flil.

In yet a further embodiment of the fusion polypeptide, the
second VEGF receptor is Flk1.

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 Flt1 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:8); (d) the
amino acid sequence set forth in FIG. 16A-161> (SEQ 1D
NQ:10); (e) the amino acid sequence set forth in FIG.
21A-21C (SEQ 1D NQO;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 aclivity 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 1o 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 Flt1(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 Fltl1(1-3)-Fc (columns
21-24) are each able 10 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 Fltl1(1-3)-F¢ (columns 5-6)
appears to only partially compete with BIACORE™ chip-
bound FIt1(1-3)-Fc for VEGF binding. However, washing
the bound samples with 0.5M NaCl (columns 7-8) results in
a binding profile similar to the modified forms of Flt1(1-3)-
Fe, 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 Fli1(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)-Fe.

FIG. 5. Pharmacokinetic profiles of unmodified Flt1(1-
3)-Fc, 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/ml-
0.15 pg/ml; acetylated: 1.5 pg/ml-4.0 pg/ml; and pegylated:
approximately 5 pg/ml.

FIG. 6A-6B. 1EF gel analysis of unmodified and step-
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
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 Flt1(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 Flt1(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 unmodified 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 Flt1(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 VEGF binding, but
there is still insufficient Flt1(1-3)-Fc protein (either unmodi-
fied or step-acetylated) fo completely saturate the available
VEGF. However, at 5.0 pg/ml, which is several times greater
than a 1:1 stoichiometric ratio, both the Flt1(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 Flt1(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 Fli1(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 Flil
(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. Nucleic acid (SEQ ID NO:1) and deduced
amino acid sequence (SEQ 1D NO:2) of Flt1(1-3)-Fc.

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

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

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 1D NO:6) of Mut2-Flt1(2-3,5)-
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-
3xn)Fe.

FIG. 17. Binding of unmodified FlIt1(1-3)-Fc, basic region
deletion mutant Flt1(1-3)-Fc, and Flt1(1-3),_,, mutant pro-
teins in a BIACORE™.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 Flt1(1-3)-Fc protein to block binding of VEGF
to the Flt1(1-3)-Fc immobilized on the 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)-F¢ 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. Unmaodi-
fied, acetylated, and Mutl: Fltl (1-3AB)-Fc¢ are essentially
equal in their ability to block VEGF binding, whereas Mut4:
Flt1(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, Munt2: Flt1(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: Fltl(1-
3,5)-Fc protein binds -more weakly still, and the Mut2:
Flt1(2-3,)-Fc protein shows the best profile, binding more
weakly than any of the other mutant proteins. The Mutd:
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
(1-3,5)-Fc, Mut2: Flt1(2-3, 5)-Fc, and Flt1(2-3) mutant pro-
teins in an ELISA-based assay. At the concentrations tested,
unmodified FIt1(1-3)-Fc, Mutl: FIt1(1-3,5)-Fc, Mm2: Flt]
(2-3,5)-Fc, and Flt1(2-3) mutant proteins bind VEGF simi-
larly.

FIG. 20. Pharmacokinetic profiles of unmodified Flt1(1-
3)-Fc, Mutl: Fltl(1-3,5)-Fc, Mut2: Flt1(2-3,5)-Fc, and
Fl11(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 Flt1(1-3)-Fc—1.5 pg/ml; and Mutl:
Flt1(1-3,5)-F¢ -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.Flk1D3.FcACl(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.FcACl(a).

FIG. 23. Extracellular Matrix (ECM) Assay. The results of
this assay demonstrate that the Flt1D2.Flk1D3.FcACl(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 Flil
receptor termed VEGFR1R2-FcACl(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 D2F1k1D3.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 Flt1D2VEGFR3D3.FcACI(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 VEGF163
ligand, transient F1t1D2VEGFR3D3.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(Flk1) 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. 26 A) or 3 and 4 fold molar excess (FIG. 26B) of either
transient Flt1 D2F1k1D3.FcACI1(a), stable
FIt1D2F1k1D3.FcAC1(a), or transient VEGFRIR2-FcAC1
(a). At all modified Flt] 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)-Fe, Fit1D2.Flk1D3.FcACl
(a) and Fit1D2.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
F1t1D2.Flk1D3.FcAC1(a) blocks 1.56 nM VEGF165 with a
half maximal dose of 0.8 nM. FIt1(1-3)-Fc and
Flt1D2.VEGFR3D3.FcACI1(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 Flt1D2F1k1D3.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 Flt1D2FIk1D3.FcACI1(a) or VEGFRIR2-FcACl(a)
molecule.
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FIG. 29 and FIG. 30. Size Exclusion Chromatography
Stoichiometry. Flt1D2FIk1D3 FeACl(a) or VEGFRIR2-
FcACI(a) at a concentration of 1 nM (estimated to be 1000
times higher than the KD of the Flt1 D2F1k1D3 .FcACl(a) or
VEGFRIR2-FcAC1(a)/VEGF165 interaction) were mixed
with varied concentrations of VEGF165. Afier incubation,
concentrations of the free Flt1D2FIk1D3.FcACl(a) in solu-
tion were measured. The data shows that the addition of 1
nM VEGF165 into the Flt1D2FIk1D3.FcACI(a) solution
completely blocks Flt1D2FIk1D3.FcACl(a) binding to the
VEGF165 surfacc. This result suggested the binding sto-
ichiometry of one VEGF165 molecule per one
FIt1D2F1k1D3.FcAC1(a) molecule. _

FIG. 31. Size Exclusion Chromatography (SEC) under
native  conditions. Peak  #1  represents the
Flt1D2Flk1D3.FeAC1(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 Flt1D2F1k1D3.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
scattering 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 Flt1D2F1k1D3.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
Flt1D2 Flk1D3.FcACl(a) (SEQ ID NO:12) were deter-
mined by a peptide mapping method. There are a total of ten
cysteines in FIt1 D2.Fik1D3.FcAC1(a); six of them belong to
the Fc region. Cys27 is disulfide bonded to Cys76. Cys121
is disulfide bonded to Cys 182. The first two cysteines in the
Fc region (Cys211 and Cys214) form an intermolecular
disulfide bond with the same two cysteines in another Fc
chain. However, it can not be determined 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 Asn]20. Sites of glyco-
sylation are highlighted by underline in the Figure.

FIG. 37. Pharmacokinetics of FIt1(1-3)-Fc (A40),
FIt1D2 FIkID3.FcACl(a) and VEGFRIR2-FcACl(a).
Balb/c mice were injected subcutaneously with 4 mg/kg of
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Flt1(1-3)-Fc  (A40), CHO transiently expressed
FIt1D2 FIk1D3.FcACl(a), CHO  stably  expressed

Flt1D2.FIk1D3.FcACl(a), and CHO ftransiently expressed
VEGFR1R2-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), Flt1D2 Flk1D3 FcACI1(a) or VEGFRIR2-FcACl(a).
The Tmax for Flt1(1-3)-Fc (A40) was at 6 hrs while the
Tmax for the transient and stable Flt1D2.Flk1D3.FcAC1(a)
and the transient VEGFRIR2-FcACl1(a) was 24 hrs. The
Cmax for Fltl(1-3)-Fc (A40) was 8 pg/ml, For both tran-
sients (FIt1D2FIk1D3.FcACl(a) and VEGFRIR2-FcAC1
(a)) the Cmax was 18 pg/ml and the Cmax for the stable
VEGFR1R2-FcACl(a) was 30 pg/mi.

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

FIG. 39. The Ability of Flt1D2.Flk1D3.FcACl(a) to
Inhibit HT-1080 Fibrosarcoma Tumor Growth In Vivo.
Every other day or 2 times per week treatment of SCID mice
with Flt1D2.FIk1D3.FcACl(a) at 25 mg/Kg significantly
decreases the growth of subcutaneous HT-1080 fibrosar-
coma tumors.

FIG. 40. The Ability of Flt1D2.FIk1D3.FcACl(a) to
Inhibit C6 Glioma Tumor Growth In Vivo. Every other day
or 2 times a week wreatment of SCID mice with
FIt1D2 Flk1D3.FcACI1(a) significantly decreases the growth
of subcutaneous C6 glioma tumors at doses as low as 2.5
mg/Kg.

FIG. 41. VEGF-lnduced Uterine Hyperpermeability.
PMSG injected subcutaneously (5 IU) to induce 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), Flit1D2.FIk1D3.FcACl(a) and
FIt1ID2.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.

FI1G. 42A-42B. Assessment of Corpus Luteum Angiogen-
esis Using Progesterone as a Readout. PMSG was injected
subcutaneously (5 TU) to induce ovulation in prepubertal
female rats, resulting in a fully functioning corpus luteum
containing a dense network of blood vessels that secretes
progeslerone 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 Fltl(1-3)-Fc (A40) or
FlIt1D2.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 therapies 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 Fltl receptor to the Fc
region of 1gG.

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, veast 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/fenhancer element known in the
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ant. Promoters which may be used to control expression of
the chimeric polypeptide molecules include, but are not
limited to, the long terminal repeat as described in Squinto
et al., (1991, Cell 65:1-20); the SV40 early promoter region
(Bernoist and Chambon, 1981, Nature 290:304-310), the
CMV promoter, the M-MuLV 5' terminal repeat the 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. U.S.A. 78:144-1445), the regulatory
sequences of the metallothionine gene (Brinster et al., 1982,
Nature 296:39-42); prokaryotic expression vectors such as
the f-lactamasc promoter (Villa-Kamaroff, et al,, 1978,
Proc. Natl. Acad. Sci. U.S.A. 75:3727-3731), or the lac
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 1 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, Namre
315:115-122), immunoglobulin gene control region which is
active in lymphoid cells (Grossched] et al., 1984, Cell
38:647-658; Adames et al., 1985, Nature 318:533-538;
Alexander et al, 1987, Mol. Cell. Biol. 7:1436-1444),
mouse mammary tumor virus control region which is active
in testicular, breast, lymphoid and mast cells (Leder et al,,
1986, Cell 45:485-495), albumin gene control region which
is active in liver (Pinkert et al., 1987, Genes and Devel.
1:268-276), alpha-fetoprotein gene control region which is
active in liver (Krumlauf et al., 1985, Mol. Cell. Biol.
5:1639-1648, Hammer et al., 1987, Science 235:53-58);
alpha 1-antitrypsin gene control region which is active in the
liver (Kelsey et al, 1987, Genes and Devel. 1:161-171),
beta-globin gene control region which is active in myeloid
cells (Mogram et al., 1985, Nature 315:338-340; Kollias et
al.,, 1986, Cell 46:89-94); myelin basic protein gene control
region which is active in oligodendrocyte cells in the brain
(Readhead et al., 1987, Cell 48:703-712); myosin light
chain-2 gene control region which is active in skeletal
muscle (Shani, 1985, Nature 314:283-286), and 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 biologjcally 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 downsiream 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
mucleotide 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;
13,2; 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;
asihma; generalized edema associated wilh 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)-F¢
showed that this protein has p} 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 Flel(1-
3)-Fc was inserted into the expression vector pEE14.1
(Lonza Biologics, plc) at a multiple cloning site downstream
of the CMV promoter. CHO K1 cells were transfected with
the pEE14.1/FIt1(1-3)-Fc DNA construct using 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 Fltl(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
(Comning, 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 G8S 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. Afier 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° celis/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 K1 Cells

Flt1(1-3)-Fc protein was initially purified by affinity chro-
matography. A Protein A column was used to bind, with high
specificity, the Fc portion of the molecule. This affinity-
purified protein was then concentrated and passed over a
SEC column. The protein was then eluted into the 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 10.1imes. 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 pm-filtered CHO conditioned
media containing Flt1(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 rmun in PBS
containing 5% glycerol. ‘The main peak fractions were
pooled, sterile filtered, aliquoted and stored at -80° C.

Example 3
Acetylation of Flt1(1-3)-Fc¢ Protein

Two milligrams of Flt1(1-3)-Fc protein were acetylated as
described in the instruction manual provided with the sulfo-
NHS-acetate modification kit (Pierce Chemical Co., Rock-
ford, I1l., Cat.#26777).

Example 4
Characterization of Acetylated Flt1(1-3)-Fc¢ Protein

(a.) IEF analysis: FIt1(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 Fltl1(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 1o 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,
aoetylated Fit1(1-3)-Fe, 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-Fe, acetylated Flt1(1-3)-Fc does not exhibit
any binding 1o the Matrigel coated plate, whereas the
non-acetylated Fltl1(1-3)-Fc protein exhibits significant
binding. This result indicates that acetylation of basic amino
acid residues is an effective way to interfere with the charge
interactions that exist between positively charged proteins
and the negatively charged extracellular matrix components
they are exposed to in vivo.

Example 5

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 (sce 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 Fltl(1-3)-Fc
molecules could improve the phannacokmenc 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 Technologics, 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 sel-up to evaluate different reaction conditions in
which the PEG:protein stoichiometry was varied. Based on
these reactions and the analyses of samples on standard
SDS-PAGE, 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-FIt1(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 10 separate pegylated Flt1(1-3)-Fc mol-
ecules based on the extent of pegylation. Fractions corre-
sponding 1o what appeared 1o be primarily mono-pegylated
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and di-pegylated dimeric FIt1(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)-
(F_";c protein was sterile filtered, aliquoted and stored at -40°

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 Fltl ligand, VEGF. In this assay,
unmodified Flt1(1-3)-Fc¢ protein was immobilized on the
surface ofa BIACORE™ chip (see BIACORE™ Instruction
Manual, Phamacia, Inc., Piscataway, N.J., for standard
procedures) and a sample containing 0.2 pg/ml VEGF and
either unmodified Flt1(1-3)-Fc, acetylated Fltl(1-3)-Fc or
pegylated Flt1(1-3)-Fe (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 Flt1(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 Flt1(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 FIlt1(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
Flt1(1-3)-Fc in an ELISA-Based Assay

Unmodified, acetylated, and pegylated Fltl(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)-
Fe, Acetylated Flti(1-3)-Fc, and Pegylated Fltl(1-
3)-Fe

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 Flt1(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, 111, Cat#
26777).

Example 10

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

(a.) IEF analysis Unmodified Fl1t1(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 Flt1(1-3)-Fc
protein was not able to migrate into the gel due to its
extremely high p! (greater than 9.3). However, most of the
step-acetylated FIt1(1-3)-Fc samples (30-100 fold molar
excess samples) were able to migrate into the gel and
equilibrate at pls ranging between 4.55-8.43, depending on
the degree of acetylation of the protein. This result 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 Flt1(1-3)-Fc, step-acety-
lated Fit1(1-3)-Fe¢ (10, 20, and 30 fold molar excess
samples), or rTie2-Fc (an irrelevant control) protein were
added to the wells. The plates were incubated for 1-2 hours
at room temperature or 37° C. and then detection of bound
proteins was accomplished by adding a secondary alkaline
phosphatase-conjugated anti-human Fc antibody to the
wells. Alkaline phosphatase substrate was subsequently
added to the wells and optical density measured. FIG. 7
shows the results of this assay. Like the irrelevant control
protein rTie2-Fc, step-acetylated Fltl1(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 Flt1(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 1EF
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 Flt1(1-3)-Fc in a Biacore-
Based Assay.

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

Unmodified and step-acetylated Fltl1(1-3)-Fc proteins
where tested in a BIACORE™-based assay to evaluate their
ability to bind to the Fltl 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 ng/ml) or 10 different step-acetylated
Flil(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 pg/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 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 stoichiom-
etrie ratio, both unmodified and step-acetylated Fit1(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 I'It1(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)-F¢ 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 Flil
(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)-Fe: 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 Fltl(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
siles, ofien consisting of a cluster of basic residues. Some-
times these residues arc 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 et 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 g 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-Ile), and Fltl
1g domain 3 extends from nucleotides 688 to 996 (encoding
Ile-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 Flt]1 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 affinity binding to ligand. An alignment of
the sequence of Ig domain 3 with that of Ig domain 2 reveals
that in this region, there is very poor alignment between the
two Ig domains, and that there are about 10 additional amino
acids in 1g 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 Flt1(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 Fltl 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: Flt1(2-3,5)-Fc

A second deletion mutant construct, designated Mut2:
Fl1(2-3 ,5)-Fc, was derived from the Mutl: Fltl(1-3,5)-Fc
construct by deletion of Flt]l 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 (BspE1) without altering
the associated amino acid sequence, Ser-Gly. This DNA
construct, which was constructed using standard molecular
biology techniques (see e.g., Molecular Cloning, A 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: Flt1(2-3,5)-
Fe 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: Flt1
(2-3,5)-Fc construct, except that Flt] 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 Mutd: 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
Fltl Ig domain 3. This construct was designated Mutd:
Flt1(1-34 ,»)-Fc and was made by changing nucleotides
824-825 from GA 1o 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: Fit1(1-3 5, ,)-Fc is set forth in FIG. 16A-16D.

Example 15

Characterization of Acetylated Flt1(1-3)-Fc¢ Mutl:
Fltl(1-3,,)-Fc, and Mutd: 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 Flti(1-
3)-Fc protein could bind avidly to these wells, the Mut3:
FIt1(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,;)-Fc protein showed the best profile,
binding more weakly than any of the other mutant proteins.
The Mutd: Flt1(1-3;_.,)-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: Fli1(1-3AB)-Fc and Mut4: Fltl(1-
3z.»n) Fc in a BIACORE™-Based Assay.

Unmodified and acetylated Flt1(1-3)-Fc and genetically
modified Mutl: Flt1(1-3AB)-Fc and Mutd: Flt1(1-35_,)-Fc
proteins where tested in a BIACORE™-based assay to
evaluate their ability to bind to the Fli1 Jigand, VEGF. In this
assay, unmodified Fltl1(1-3)-Fc protein (0.25, 0.5, or 1.0
pug/ml) was immobilized on the surface of a BIACORE™
chip (see BIACORE™ Instruction Manual, Pharmacia, Inc.,
Piscataway, N.J., for standard procedures) and a solution
containing 0.1 pg/ml VEGF and either purified or COS cell
supemnatant 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: Flt1 (1-3AB)-Fc. (at approximately (0.25,
0.5, or 1.0 pg/ml), or COS cell supernatant containing Mut4:
Flt1(1-3,_,»)-Fc (at approximately (0.25, 0.5, or 1.0 pg/ml)
were passed over the Flt1(1-3)-Fc-coated chip. As shown in
FIG. 17, at the sub-stoichiometric ratio (0.25 pg/ml Fltl(1-
3)»-Fc of unmodified, acetylated or genetically modified
samples vs. 01. pg/ml VEGF), there is insufficient Flt]
(1-3)-Fc protein to block binding of VEGF to the Fltl(1-
3)-Fc immobilized on the BLACORE™ chip. At 0.5 pg/ml of
unmodified, acetylated or genetically modified Fit1(1-3)-Fc
proteins, the stoichiometric ratio approximates 1:1 and there
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is an increased ability to block VEGF binding to the B1A-
CORE™ chip. At 1.0 pg/mi of unmodified, acetylated or
genetically modified Fltl(1-3)-Fc proteins, which is
approximately a 10:1 stoichiometric ratio, the Flt1(1-3)-Fc
proteins are able to block binding of VEGF to the 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 Mut4:
Flt1(1-3¢_, A)-Fec 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 VEEGF 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 Fe 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 Flt1(1-3)-
Fe, Mutl: Flt1(1-3,5)-Fc, and Unmodified Flt1(1-
3)-Fc

In vivo experiments were designed to assess the pharma-
cokinetic profiles of unmodified Flt1(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 Flt1(1-3)-Fc, 40 fold molar
excess acetylated Flt1(1-3)-Fc, and Mutl: Fltl1(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 Flt1(1-
3)-Fc protein which involves coating an ELISA plate with
VEGF, binding the FIri(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 F1t1(1-3)-Fc—0.15 pg/ml; 40 fold molar excess
acetylated Flt1(1-3)-Fc—1.5 pg/ml; and Mut1: Fit1(1-3,5)-
Fc—0.7 pg/ml.

Example 17

Modified Fltl Receptor Vector Construction

The rationale for constructing modified versions of the
Fltl receptor (also known as VEGIFR1) 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 Flt1 probably
explains why unmodified Flt1(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)-
Fc. Therefore, altempts were made to engineer DNA mol-
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ecules that could be used to recombinantly express modified
forms of a Flt] 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 Flt]
(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 aflinity for VEGF than the
second Ig domain, so instead of deleting it entirely, it was
replaced with the equivalent domains of the Fltl receptor
relatives Flkl (also known as VEGFR2) and Fltd4 (also
known as VEGFR3). These chimeric molecules (denoted
R1R2 (Flt1.D2.FIk1D3.FcACl(a) and VEGFR1R2-FcACI
(a) and RIR3 (Flt1D2.VEGFR3D3-FcACl(a) and
VEGFRIR3-FcACl(a) respectively, wherein R1 and
Flk1D2=Ig domain 2 of Flt] (VEGFRI); R2 and Flk1D3=Ig
domain 3 of Flkl (VEGFR2); and R3 and VEGFR3D3=Ig
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 Flkl
receptor expressed in endothelial cells as described infra.

(a) Construction of the Plasmid

pFlt1 D2 FIk1D3 .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 Fltl and human FIlkl, respectively. These
plasmids were used to construct a DNA fragment consisting
of a fusion of Ig domain 2 of Flt] 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:

Expression

S': bep/fltlD2
{5 -GACTAGCAGTCCGGAGGTAGACCTTTCGTAGAGATG-3 1)

3': FltlD2-F1lklD3.as
(5' -CGGACTCAGAACCACATCTATGATTGTATTGGT-3" )

The 5' amplification primer encodes a BspE1] restriction
enzyme site upstream of Ig domain 2 of Fitl, 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 Flkl lg domain 3, with the
fusion point defined as TIID of Flt] (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 Flkl, the 5' and 3' amplification primers
were as follows:

5': FlrlD2-FlkiD3.se
{5' -ACAATCATAGATGTGGT TCTGAGTCCGTCTCATGG-3" )

3': Flkl1D3/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 Flk1 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.

Afler 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/Flt1D2 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 Srfl restriction sites of the plasmid pFlt1(1-3)B2-
FcACl(a) to produce the plasmid pFlt1D2.F1k1D3.FcACl
(a). The complete DNA and deduced amino acid sequences
of the Flt1D2.Flk1D3.FcACl(a) chimeric molecule is set
forth in FIG. 21A-21C.

(b) Construction of the Plasmid

pFlt1ID2VEGFR3D3FcACl(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 lg domain 2 of Flt1
by PCR. RNA from the cell line HEL921.7 was used to
produce Ig domain 3 of Flkl, 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

5': bep/fltiD2
(5 ' -GACTAGCAGTCCGGAGGTAGACCTTTCGTAGAGATG-3 )

3': FltlD2 .VEGFR3D3.as
{TTCCTGGGCARCAGCTGGATATCTATGATTGTATTGGT)

The 5" amplification primer encodes a BspEl restriction
site upstream of Ig domain 2 of Fltl, 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 Fitl Ig
domain 2 fused directly to the beginning of VEGFR3 Ig
domain 3, with the fusion point defined as TID of Flil
(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 1g domain 3 of VEGFR3, the 5' and 3' primers used
for RT-PCR were as follows:

S': R3D3.g
{ATCCAGCTGTTGCCCAGGAAGTCGCTGGAGCTGCTGETA)

3': R3D3.as
(ATTTTCATGCACAATGACCTCGGTGC TCTCCCGAAATCG)

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 1o allow for fusion of the Flt1 D2 with the FIlk1D3
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domains and fusion of the Flk1D3 and Fc domains via a
GPG bridge (see below). The amplification primers were as
follows:

5':FltlD2.VEGFR3D3 .8
(TCATAGATATCCAGCTGTTGCCCAGGAAGTCGCTGGAG)

3': VEGFR3D3/grf .as
(GATAATGCCCGGGCCATTTTCATGCACAATGRCCTCGGT)

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 (cormresponding 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 Flt1 Ig domain 2) or two rounds (for
Flt4 lg 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/flt1D2 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 FIt1D2-VEGFR3D3 gene fusion insert was verified by
standard sequence analysis. This plasmid was then digested
with the restriction enzymes EcoRl and Srfl and the result-
ing 693bp fragment was subcloned into the EcoRlI to Srfl
restriction sites of the plasmid pFlt1(1-3)AB2-FcACl(a) to

produce the plasmid designated
pFlt1D2.VEGFR3D3.FcACl1(a). The complete DNA
deduced amino acid sequence of the

FIit1D2.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 FIt1D2.Flk1D3.FcACl(a) and
Fit1D2.VEGFR3D3.FcAC1(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
hr. at room temperature. The plates were then washed 4
times with PBS 0.1% Triton-X and alkaline phosphatase
buffer/pNPP solution (Sigma) was added for color develop-
ment. Plates were read at 1=405-570 nm. The results of this
experiment are shown in FIG. 23 and demonstrate that the
Flt1D2 Flk1D3.FcACl(a) and Flt1D2.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 pFli1 D2.Flk1D3.FcACl1(a)
in CHO-K1 (E1A) cells

Alarge scale (2 L) culture of E. coli DHI10B cells carrying
the pFlt1D2.FIk1D3.FcACI1(a) plasmid described supra in
Example 17(a) was grown overnight in Terrific Broth (TB)
plus 100 pg/m! ampicillin. The next day, the plasmid DNA
was extracted using a QlAgen ENDOFREE™ Megaprep kit
following the manufacturer’s protocol. The concentration of
the purified plasmid DNA was determined by standard
techniques using a UV spectrophotometer and fluorometer.
The plasmid DNA was verified by standard restriction
enzyme digestion of aliquots using the restriction enzymes
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.FcACl (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.
Afier 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.FcAC]1(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-FcAC1(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 Flt] 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 Flk1 Ig domains
were fused directly to one another. The complete DNA and
deduced amino acid sequences of the pVEGFR1R2.FcAC]

(a) chimeric molecule is set forth in FIG. 24A-24C.
Example 21
Cell Culture Process Used to Produce Modified
Flt] Receptors

(@) Cell Culture Process Used to Produce
Flt1D2.FIk1D3.FcACl(a)

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

pFit1D2 Flk1D3.FcAC1(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.FcACl1(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
Flt1D2.VEGFR3D3.FcAC](a)

The same methodologies as described supra for
FIt1ID2.FIkID3.FcACl(a) were used to produce
Flt1D2.VEGFR3D3.FcACI(a).

Example 22

Harvest and Purification of Modified Flt1 Receptors

(a) Harvest and Purification of Flt1D2.Flk1D3.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. Flt1D2.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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Several frozen lots of Flt1D2.FIkID3.FcACl(a) protein
from the Protein A step above -were thawed, pooled and
concentrated using a Millipore 30 kD nominal molecular
weight cutoff (NMWCOQ) 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 NMWCQ 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 FIt1D2.Flk1D3.FcAC1(a) dimer
were pooled, sterile filtered through a 0.22 micron filter,
aliquoted and frozen.

(b) Harvest and Purification of FIt1D2.VEGFR3D3.FcAC1
(a)

The same methodologies as described supra for
F1t1D2 Flk1D3.FcACl(a) were used to harvest and purify
Flit1D2 VEGFR3D3.FcACl(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/mi (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. al room temperature with vary-
ing amounts of the modified Fltl receptors Flt1(1-3)-Fc,
Flt1(1-3)-Fc ~ (A40), FI1D2FIk1D3 FcACl(a) and
Flt1D2VEGFR3D3.FcAC1(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(FIk1) by VEGF165 ligand stimulation -

shows that cell-surface receptors are phosphorylated to
varying levels depending on which modified Fltl 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 FIt1D2FIk1D3.FcACl(a)
there is complete blockage of receptor stimulation by these
three modified Flt] receptors as compared to control media
challenge. In contrast, transient Flitl 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 1o 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 Westem 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
FItID2Fk1D3.FcAC1(a), stable Flt1D2F1k1D3.FcACl(a),
or transient VEGFRIR2-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(F1k1) intracellular kinase domain is that the intra-
cellular kinase domain of VEGFR2(FIk1) 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(Flk1) to take advantage of this
proliferative response capability.

5%x10° 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.FIk1D3.FcACl(a) and
FIt1D2.VEGFR3D3.FcACI(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 hrat 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 cell 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 Flt1 D2.VEGFR3D3.FcAC1(a) arc less
effective in blocking VEGF165 in this assay with a hall
maximal dose of ~2 nM. VEGF165 alone gives a reading of
1.2 ubsorbance units and the background is 0.38 absorbance
units.

Example 25

Binding Stoichiometry of Modified Flt Receptors to
VEGF165

(a) BIACORE™ Analysis

The stoichiometry of Flt1D2F1k1D3.FcACl(a) and
VEGFRIR2-FcACI(a) interaction with human VEGF165
was determined by measuring either the level of VEGF
saturation binding to the FltID2FiIk1D3.FcACl(a) or
VEGFRIR2-FcACI(a) surfaces or measuring concentration
of VEGF165 needed to completely prevent binding of
FltID2FIk1D3.FcACl(a) or VEGFRIR2-FcACl(a) to
VEGF BIACORE™ chip surface.
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Modified FIt receptors Flt1D2FIk1D3.FcACl(a) and
VEGFRI1R2-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 FltID2FIk1D3.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 VEGFI65 to the immobilized
FIt1D2F1k1D3.FcAC1(a) or VEGFRIR2-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 Fltl D2Flkl1 D3.FcACl(a) or
VEGFR1R2-Fc AC1(a) molecule (FIG. 28).

In solution, FlItID2FIk1D3.FcACl(a) or VEGFRIR2-
FcAC1(a) at a concentration of 1 nM (estimated to be 1000
times higher than the KD of the Flt1 D2F1k1 D3.FcACl(a)
or VEGFRI R2-FcACl(a)NEGF165 interaction) were
mixed with varied concentrations of VEGF165. Afier one
hour incubation, concentrations of the free
FIt1D2F1k1D3.FcACl(a) in solution were measured as a
binding signal to an amine-coupled VEGF165 surface. A
calibration curve was wused to convert the
FlIt1D2F1k1D3.FcAC1(a) BIACORE™ binding signal to its
molar concentration. The data showed that the addition of 1
nM VEGF165 into the Flt1D2FIk1D3.FcACI(a) solution
completely blocked Flt1D2F1k1D3.FcACI(a) binding to the
VEGF165 surface. This result suggested the binding sto-
ichiometry of one VEGFI65 molecule per one
Flt1D2F1k1D3.FcACl(a) molecule (FIG. 29 and FIG. 30).
When the concentration of Flt1D2Flk1D3.FcACl{a) was
plotted as a function of added concentration of VEGF165,
the slope of the linear portion was 1.06 for
Flt1D2F1k1D3.FcAC1(a) and -1,07 for VEGFRIR2-FcACl
(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.FcACl(a) or VEGFRI1R2-
FeACl(a).

(b) Size Exclusion Chromatography

Flt1D2Flk1D3.FcAC1(a) was mixed with a 3-fold excess
of VEGF165 and the receptor-ligand complex was purified
using a Pharmacia SUPEROSE™ 6 size exclusion 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.
Flt1D2F1k1D3.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
FIt1D2FIk1D3.FcACI(a) and VEGF165 were made and
peak height or peak integrated intensity was plotied as a
function of the concentration of injected protein. The cali-
bration was done under condition identical to one used in
separating components of FltID2F1k1D3.FcAC1(a)VEGF
complex. Quantification of the Flt1D2FIk1D3.FcACI(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 VEGF165 to
Flt1D2F1k1D3.FcAC1(a) in a complex 1o be 1:1.
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Example 26

Determination of the Binding Stoichiometry of
Flt1D2F1k1D3.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 Flt1D2.Flk1D3.FcACl(a)
(concentration=0.9 mg/ml) in molar ratio of 3:1 (VEGF165:
F1t1D2 Flk1D3.FcACl1(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 pl/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 ml 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 Flt1D2F1k1D3.FcAC1(a):VEGF165
Complex Stoichiometry

The stoichiometry of the receptor-ligand complex was
determined from the peak area or the peak height of the
components.  Concentrations of VEGF165  and
FIt1D2FIk1D3.FcACl(a) corresponding to the peak height
or peak area, respectively, were obtained from the standard
curves for VEGF165 and Flt1D2FIk1D3.FcACl(a). To
obtain a standard curve, four different concentrations (0.04
mg/ml —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 eluted 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
VEGFE165:Flt1D2F1k1D3.I'cAC1(a) determined from the
peak area of the components was 1.16. The molar ratio of
VEGF165:FIt1D2F1k1D3.FcAC1(a) determined from the
peak height of the components was 1.10.

lixample 27

Determination of the Stoichiometry of the
Fit1 D2F1k1D3.FcAC1(a)/VEGF165 Complex by
Size Exclusion Chromatography with On-Line
Light Scattering

Complex Preparation

VEGF165 was mixed with CHO transiently expressed
FIt1D2 Flk1D3.FcACl(a) protein in molar ratio of 3:1
(VEGF165:FIt1D2FIk1D3.FcAC1(a)) and incubated over-
night =1 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 (Wyant 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 Flt1D2F1k1D3.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 RIR2 at the peak is 113 300 (FIG. 35).

These data indicated that the stoichiometry of the
Flt1D2Flk1D3.FcAC1(a)VEGF complex is 1:1 as its cor-
responds to the sum of molecular weights for
Flt1D2Flk1D3.FcACl(a) and VEGF165. Importantly, this
method conclusively proved that the Fltl1 D2F1k1D3.FcACl
(a)/VEGF165 complex was indeed composed of only one
molecule of VEGF165 ligand and only one molecule of the
Flt1D2F1k1D3.FcACl(a).

Example 28
Peptide Mapping of Fit1D2.Flk1D3.FcACl(a)

The disulfide structures and glycosylation sites in
Fit1D2 FIk1D3.FcACl1(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
Flit1D2.Flk1D3.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 10 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 confired to be disulfide bonded to Cys306. Cys
352 is confirmed to be disuifide bonded to Cysd10.

There are five possible N-linked glycosylation sites in
Flt1D2.Flk1D3.FcACl(a). All five of them are found 1o 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 Asnl20. 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 Flt1(1-3}Fc (A40),
FIt1D2 Flk1D3.FcACl(a) and VEGFR1R2-FcACl(a)

Balb/c mice (25-30 g) were injected subcutaneously with
4 mg/kg of Flil(1-3)-Fc (A40), CHO transienily expressed
FIt1D2.FIk1D3.FcACl(a), CHO  stably  expressed
Flt1D2 Flk1D3.FcACl(a), and CHO transiently expressed
VEGFRIR2-FcACI1(a). The mice were tail bled at 1, 2, 4, 6,
24 hrs, 2 days, 3 days and 6 days afier injection. The sera
were assayed in an ELISA designed to detect Fit1(1-3)-Fc
(A40), FIt1D2.Flk1D3.FcAC1(a) or VEGFR1R2-FcAC1(a).
The ELISA involves coating an ELISA plate with
VEGF165, binding the detect Flt1(1-3)-Fc (A40),
Flt1D2 FIk1D3.FcACl(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 Flt1(1-3)-Fc (A40) was at 6 hrs while
the T,,,, for the transient and stable Fll1D2.Flk1D3.FcACl
(a) and the transient VEGFR1R2-FcAC1(a) was 24 hrs. The
C,.ax for Flt1(1-3)-Fc (A40) was 8 pg/ml. For both transients
(FIt1D2.FIk1D3.FcAC1(a) and VEGFRIR2-FcACl(a)) the
C,ax Was 18 pg/ml and the C,,,,, for the stable VEGFR1R2-
FcACl(a) was 30 pg/ml.

Pharmacokinetic Analysis of FIt1(1-3)-Fc (A40),
Flt1D2 FIk1D3.FcAC1(a) and FIt1D2.VEGFR3D3.FcACl
(a)

Balb/c mice (25-30 g) were injected subcutaneously with
4 mg/kg of Flt1(1-3)-Fc (A40), CHO trensiently expressed
Flt1D2.FIk1D3.FcAC1(a) and CHO transiently expressed
Flt1D2.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 Flt1(1-3)-Fc,
Fit1D2.Flk1D3.FcACl(a) and Flt1D2.VEGFR3D3.FcACl
(a). The ELISA involves coating an ELISA plate with 165,
binding the Flt1(1-3)-Fc, Fit1D2FIk1D3.FcACl(a) or
F1t1D2 VEGFR3D3.FcAC]1(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, Flt1D2.Flk1D3.FcACl(a) and
Flt1D2.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
Flt1D2.Flk1D3.FcAC1(a) to Inhibit Tumor Growth
in Vivo

To evaluate the ability of FltID2.FIk1D3.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 morphelogies and growth
characteristics, were used in the assay. The first dose of
FltiD2 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), FItID2.FIk1D3.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
umors. Both of  Fhi(l1-3)-Fc  (A40) and
Flt1D2.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 suvited 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 matemal 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 lo 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, Flt] 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 Fltl and KDR (FIk1) are
expressed by choriocarcinoma cell line BeWo (Chamock-
Jones et al, 1994), and VEGF has been shown to promote
DNA synthesis and tyrosine phosphorylation of MAP kinase
in these cclls. 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 Fltl (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 treatment 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 IU) 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 Flt1(1-3)-Fc  (A40),
Fit1D2 Flk1D3.FcACl(a) and Fl1D2.VEGFR3D3.FcACI
(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)-Fe (A40),
Flt1D2.Flk1D3.FcAC1(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.
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 IU) to induce ovulation in prepubertal
female rats. This results in a fully functioning corpus luteum
containing a dense network of blood vessels afier 4 days that
allows for the secretion of progesterone into the blood
stream in order 1o 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 progesierone 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 FIt1D2 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

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 Flt1(1-3)-Fc were found to
have much better PK profiles than Flt1(1-3)-Fc (A40), with

40
3pas)-Fe, Fltl (13, o)-Fc and Tie2-Fe. Flt1(1-35,.5)-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-
sylation sites and a net reduction of five positive charges,
both with the purpose of reducing the unfavorable effects of
this sequence on PK. Flt1(1-3.,)-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

the Tmax occurring at 24 hrs. for the PEGylated molecules 10 RASVRRR->KNKCASVRRR) to allow for Jation at

as opposed to 6 hrs. for Flt1(1-3)-Fc (A40).
Example 34

VEGF165 ELISA to Test Affinity of Modified Fltl 15

Receptor Variants

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

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

from 160 pM to 0.1 pM. The modified Flt1 receptor variants 20 Flt1D2FIk1D3.FcAC1(a), followed by Flt1(1-3)-Fc and Fltl

used in this experiment were Flt1(1-3)-Fc, Flt1(1-3)-Fc
(A40), transiently expressed Flt1 D2F1k1D3.FcACl(a), tran-
siently expressed FlItID2VEFGFR3D3-FcACl(a), Flt1-(1-

(1-3)-Fc (A40) and then by Flt1(1-3.,o)-Fc, Fit1(1-35,.9)-
Fc and Flt1D2VEFGFR3D3-FcACI(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 tge geg
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 ¢ag Cac atc atg caa gea
Glu Leu Ser Leu Lys Gly Thr Gln His Ile Met Gln Ala
35 40 45

ctg cat ctc caa tgc agg ggg gaa goa 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 75

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 43
Leu Leu Ser
15

aaa gat cct 95

Lys Agsp Pro
30

ggc cag aca 144
Gly Gln Thr

tet ttg cct 192
Ser Leu Pro

aaa tct gecc 240
Lys Ser Ala

80
ttg aac aca 288
Leu Asn Thr

95

cta get gta 336
Leu Ala Val
110
ata ttt att 384
Ile Phe Ile
atc ccc gaa 432

Ile Pro Glu

Pg. 128
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42

-cont inued
130 135 140
att ata cac atg act gaa gga agg gag ctc gtc att cec tge 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 cCt aac atc act gtt act tta aaa aag ttt cca Cctt 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 Fhe
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
185 200 205
gca aca gtc aat ggg cat ttg tat aag aca aac tat cte aca cat cga 672
Ala Thr Val Asn Gly Hie 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 ©ca 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 ctec aat tgt act gect acc act 768
Lys Leu Leu Arg Gly His Thr Leu Val Leu Asn Cys Thr Ala Thr Thr
245 250 255
ccc 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 ttc aaa 960
RAsp Lys Gly Leu Tyr Thr Cys Arg Val Arg Ser Gly Prc Ser Phe Lys
305 310 315 320
tct gtt aac acc tca gtg cat ata tat gat aaa gca ggo ©<g ggc gag 1008
Ser Val Asn Thr Ser Val His Ile Tyr Asp Lys Ala Gly Pro Gly Glu
3258 330 335
ccc aaa tot tgt gac aaa act cac aca tgce cca cog tgo cca gea cet 1056
Pro Lys Ser Cys Rep Lye Thr Hie Thr Cys Pro Pro Cys Pro Ala Pro
340 345 350
gaa ctc Cctg ggg gga ccg tea gtc tte cto LLe COoC CCca aaa cocC #ag 1104
Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
358 360 365
gac ace ¢te atg atc tecC €gg acc cct gag gte aca tge gtg gtg gtg 1152
Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
370 a7s 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 3s0 395 400
ggc gtg gag gtg cat aat gcoc aag aca aag ccg c©gg 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 ¢gt 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 tec aac aaa goc ctc 1244
Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
435 440 445
€ca gee ccc atc gag aaa acc atc tcc aaa goc aaa ggg <ag ccc cga 13is2

Pg. 129
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-continued

Pro

gaa
. Glu
465
aac
Asn

atc
Ile

acc
Thr

aag
Lys
tgc
545

cte
Leu

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

<400>

Ala
450

cca
Pro

cag
Gln

gec
Ala

acg
Thr

cte
Leu
530

tcc
Ser

tecc
Ser

Pro

cag
Gln

gtc
Val

gtg
Val

(=114
Pro
515

acc
Thr

gtg
Val

ctag
Leu

Met Val Ser

1

Cys

Glu

Leu

Ala

Pro

Ser

Ile

145

Thr

Leu

Ile

Ala

Leu

Leu

His

50

Met

Gly

Gln

Thr

130

Ile

Ser

Ile

Ile

Thr

Leu

Ser

35

Leu

Val

Arg

Ala

Ser

115

Thr

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

Leu
Gln
Ser
Asn
Aon
100
Lys
Gly
Met
Asn
Asp
180

Asn

Rsn

Glu

cac

Tyr

ctyg
Leu
485

tgg
Trp

gtg
Val

gac
Asp

cat
His

ceg
Pro
565

SEQ ID NO 2
LENGTH: S5&7
TYPE: PRT
ORGANISM: Homo sapiens

SEQUENCE: 2

Trp

s

Thr

Lys

Cys

Lyo

Gly

Hio

Lys

Arg

Thr

Ile

165

Gly

Ala

Gly

Lys

acc
Thr
470

ace
Thr

gag
Glu

ctg
Leu

aag
Lys

gag
Glu
550

ggt
Gly

Asp
Gly
Gly
Arg
Glu
70

Lye
Thr
Lys
Pro
Glu
150
Thr
Lys

Thr

His

Thr
455

ctg

Leu

tge
cys

age
Ser

gac
Asp

age
Ser
535

get
Ala

aaa
Lys

Thr

Sexr

Gly

Ser

Gln

Gly

Glu

Phe

135

Gly

Val

Arg

Tyr

Leu

Ile

cce
Pro

ctg
Leu

aat
Asn

tec
Ser
520

agg
Arg

ctg
Leu

tga

Gly

Ser

Gln

40

Glu

Glu

Fhe

Fhe

Thr

120

Val

Arg

Thr

Ile

Lys

200

Tyr

Ser

cca
Pro

gtec
Val

999
Gly
505

gac

tgg
Trp

cac
Hig

Val
Ser
25

His
Ala
Arg
Cye
Tyr
105
Glu
Glu
Glu
Leu
Ile
185

Glu

Lys

Lys

tce
Ser

aaa
Lys
490

cag
Gln

ggc
Gly

cag
Gln

aac
Asn

Leu
10

Gly
Ile
Ala
Leu
Ser
90

Ser
Ser
Met
Leu
Lys
170
Trp

Ile

Thr

Ala Lyse
460

cgg gat
Arg Asp
475

ggc ttc
Gly Phe

ccg gag
Pro Glu

tce tto
Ser Phe

cag g9g
Gln Gly
540

cagc tac

His Tyr
555

Leu Cys

Ser Lys

Met Gln

His Lys

60

Ser Ile
75

Thr Leu

Cys Lyo

Ala Ile

Tyr Ser

140

Val Ile
155

Lys Phe
Asp Ser

Gly Leu

Aen Tyr

Gly Gln Pro

gag
Glu

tat

aac
Asn

cte
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

coe
Pro

aac
Ren
510

ctec

Leu

gte
Val

cag
Gln

Leu
Lys
30

Gly
Ser
Lys
Leu
Leu
110
Ile
Ile
Cys
Leu
Lys
190

Thr

Thr

ace
Thr

age
Ser
495

tac

Tyr

tac
Tyr

tte
Phe

aag
Lys

Leu
15
Aep

Gln

Ser
Aan
95

Ala
Phe
Pro
Arg
Asp

175

Gly

His

Arg

aag
Lys
480

gac

aag
Lys

agc
Ser

tca
Ser

age
Ser
S60

Ser

Pro

Thr

Pro

Ala

80

Thr

Val

Ile

Glu

Val

160

Thr

Phe

Glu

Arg

1440

1488

1536

1584

1632

1680

1704

Pg. 130
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-continued

46

Gln

225

Lys

Pre

Asn

Ala

Aop

305

Ser

Pro

Glu

Asp

Asp

385

Gly

Trp

Pro

Glu

485

Ile

Thr

Lys

Cys

545

Leu

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

<400>

210

Thr

Leu

Leu

Lyse

Asn

290

Lye

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

Ser

Leu

355

Leu

Ser

Glu

Thr

Asn

435

Pro

Gln

Val

Val

Pro

515

Thr

Val

Leu

Thr

Arg

Thr

260

Ala

Fhe

Leu

Thr

Cyo
340
Gly
Met
His
Val
YT
420
Gly
Ile
Val
Ser
Glu
500
Pro
Val

Het

Ser

DRA

SEQUENCE:

Ile

Gly

245

Arg

Ser

Tyr

Tyr

Ser
325

App

Gly

Ile

Glu

His

405

Lys

Glu

Leu

485

Val

Asp

His

Pro
565

SEQ ID NO 3
LENGTH: 1674
TYPE:
ORGANISM:
FEATURE:
NAME/KEY :
LOCATION:

Homo sapiens

cDs

(1) ...(1671)

3

Ile
230
His
Val
Val
Ser
Thr
310
Val
Lys

Pro

Ser

Asp
350
Asn
Val
Glu
Lys
Thr
470
Thr
Glu
Leu
Lys
Glu

550

Gly

Asp

Thr

Gln

Arg

Val
285

Cys

His

Ser
Arg
375
Pro
Ala
Val
Tyr
Thr

455

Leu

Cys
Ser
Rsp
Ser
535

Ala

Lys

Val

Leu

Met

280

Leu

Ile

Hio

Vval

360

Thr

Glu

Lys

Ser

Lys

440

Ile

Pro

Leu

Asn

Ser

520

Arg

Leu

Gln

Val

Thr

265

Arg

Thr

Val

Tyr

Thr

345

Phe

Pro

Val

Thr

Val
425

Cys

Ser

Proc

Val

Gly

505

Aop

Trp

His

Ile

Leu

250

Trp

Ile

Ile

Arg

Asp

330

Cys

Leu

Glu

Lys

Lys

410

Leu

Lys

Lys

Ser

Lys

490

Gln

Gly

Gln

Ser
235

Asn

ser

Asp

Ser

315

Lys

Pro

Phe

Val

Phe

395

Pro

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

Val
Ser
Lys
460
Agp
Phe
Glu
Phe
Gly

540

Tyr

Pro

Thr

Pro

Ser

285

Met

Pro

Gly

Cys

Pro

365

Cyes

Trp

Glu

Leu

Asn

445

Gly

Glu

Asn
Phe
525

Asn

Thr

Arg

Ala

Asp

270

Asn

Gln

Ser

Pro

Pro

350

Lys

Val

Tyr

Glu

His

430

Lys

Gln

Leu

Pro

Asn

510

Leu

Val

Gln

Pro

Thr

255

Glu

Ser

Asn

Phe

Gly

335

Ala

Pro

Val

Val

Gln

415

Gln

Ala

Pro

Thr

Ser
495

Tyr

Tyr

Phe

Lys

Val

240

Thr

Lys

His

Lys

Lys

320

Glu

Pro

Lys

Val

Asp

400

Tyr

Asp

Leu

Arg

Lys

480

Asp

Lys

Ser

Ser

Ser
560

Pg. 131
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-continued

48

atg
Met

tgt
Cys

gaa
Glu

ctg
Leu

gaa
Glu
65

tgt
Cys

get
Ala

cct
Pro

agt
Ser

atc
Ile
145

acg
Thr

ttg
Leu

atc
Ile

geca
Ala

caa
Gln
225

aaa
Lys

cece
Pro

gac
Aesp

gac
Asp

agt
Ser
305

gtc
Val

ctyg
Leu

ctg
Leu

cat
His
50

atg
Met

gga
Gly

caa
Gln

act
Thr

gat
hsp
130
ata
Ile

tca
Ser

atc
Ile

ata
Ile
aca
210
age

Thr

tta
Leu

ttg

caa
Gln

aaa
Lys
290

gga
Gly

age
Ser

ottt
Leu

agt
Ser
3is

cte
Leu

atg
Val

aga
Arg

gca
Ala

tca
Ser
115

aca
Thr

cac
His

cct
Pro

cct
Pro

tca
Ser
195

gte
Val

aat

ettt
Leu

aac
Asn

age
Ser
275

atg
Met

cca
Pro

tac

Tyr

cte
Leu

20
tta
Leu

caa
Gln

agt
Ser

aat
Asn

aac
Ran
100
aag
Lye

ggt
Gly

atg
Met

aac
Asn
gat
180
aat

Asn

aat
Asn

aca
Thr

aga
Arg
acg
260
aat

Asn

cag
Gln

tca
Ser

tgg
Trp

aca
Thr

aaa
Lys

tge
cys

aag
Lyo

ggc
Gly
85

cac
His

aag
Lys

aga
Arg

act
Thr

atc
Ile
165

gga
Gly

gca
Ala

999
Gly

ate
Ile

ggc
Gly
245

aga

Arg

tee
Ser

aac
Asn

tee
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
Val

cat
His

aaa
Lys

aaa
Lys
310

acc
Thr

tet
Ser

acc
Thr

999
Gly
55

age
Ser

caa
Gln

gg¢c
Gly

gaa
Glu

tte
Phe
135

g9a
Gly

gtt
Val

cge
Arg

tac

Tyr

ttg
Leu
218

gat
Asp

act
Thr

caa
Gln

gec
Ala

gac
Asp
295

tct
Ser

999
Gly

agt
Ser

cag
Gin
40

gaa
Glu

gaa
Glu

tte
Fhe

tte
Phe

aca
Thr
120

gta
Val

agg
Arg

act
Thr

ata
Ile

aaa
Lys
200

tat
Tyr

gtc
Val

[+14
Leu

atg
Met

aac
Asn
280

aaa

Lys

gtt
Val

gtc
Val

tca
Ser
25

cac
Hise

gca
Ala

agg
Arg

tgc
Cys

tac
Tyr
105

gaa
Glu

gag
Glu

gag
Glu

tta
Leu

atc
Ile
18s

gaa
Glu

aag
Lys

caa
Gln

gtec
Val

acc
Thr
265

ata

Ile

gga
Gly

aac
Asn

ctg
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

ctc
Leu
250

tgg9
Trp

tte
Ehe

ctt
Leu

ace
Thr

ctg
Leu

tca
Ser

atg
Met

cat
His

agc
Ser
75

act
Thr

tge
Cys

gca
Ala

tac

Tyr

gte
val
155

aag
Lys

gac
Asp

999
Gly

aac
Asn

agc
Ser
235

aat
Asn

agt
Ser

tac

Tyr

tat
Tyr

tca
Ser
3158

tgc
Cys

aaa
Lys

caa
Gln

aaa
Lys
60

ata
Ile

tta
Leu

aaa
Lys

ate
Ile

agt
Ser
140

att
Ile

tre
Phe

agt
Ser

=144
Leu

tat

Tyr
220

aca
Thr

tgt
Cys

tac

Tyr

agt
Ser

act
Thr
300

gtg
Val

gcg
Ala

tta
Leu

gca
Ala
45

tgg
Trp

act
Thr

acc

tat
Tyr

tat
125
gaa

Glu

cce
Pro

cea
Pro

aga
Arg

ctg
Leu
205

cte
Leu

cca
Pro

act
Thr

cet
Pro

gtt
Val
285

tgt
cys

cat
His

ctg
Leu

aaa
Lye

30°

ggc
Gly

tet
Ser

aaa
Lyo

ttg
Leu

cta
Leu
110

ata
Ile

ate
Ile

tgc
Cys

ctt
Leu

aag
Lys
180

ace
Thr

aca
Thr

cge
Arg

got
Ala

gat
Rsp
270

ctt

Leu

ogt
Arg

ata
Ile

cte
Leu
15

gat
Asp

cag
Gln

ttg
Leu

tect
Ser

aac
Asn

gct
Ala

444
Phe

cce
Pro

cgg
Arg

gac
Asp
178

gge
Gly

tgt
Cys

cat
His

cea
Bre

acc
Thr
255

gaa

Glu

act
Thr

gta
Val

tat
Tyr

age
Ser

cct
Pro

aca
Thr

cct
Pro

gce
Ala
80

aca

Thr

gta
Val

att
Ile

gaa
Glu

gtt
Val
160

act
Thr

tee
Phe

gaa
Glu

cga

gte
Val
240

act
Thr

att
Ile

att
Ile

agg
Arg

gat

320

48

96

144

192

240

288

338

384

432

480

528

576

624

672

720

768

8ls

864

812

960

Pg. 132
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49 50

-continued

aaa gca ggc cog ggc gag occ aaa tot tgt gac aaa act cac¢ aca tgc 1008
Lys Ala Gly Pro Gly Glu Pro Lys Ser Cyo Asp Lys Thr His Thr Cys
325 330 335

cca ccg tge cca goa coct gaa cte ctg ggg gga ccg tea gte ttc cte 1056
Pro Pro Cyo Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu
340 345 350

ttc ccc cca aaa ccC aag gac acc ctc atg atc tcc cgg acc cct gag 1104
Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu
A55 360 365

gtc aca tge gtg gtg gtg gac gtg age <ac gaa gac oct gag gtc aag 1152
Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys
370 375 380

ttec aac tgg tac gtg gac gyc gtg gag gtg cat aat gcc aag aca aag 1200
Phe Asn Trp Tyr Val Asp Gly Val Glu Val Hie Aen Ala Lys Thr Lye
ass 390 395 400

¢¢g cgg gag gag cag tac aac age acg tac eogt gtg gtc age gte cte 1248
Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu
408 410 415

acc gtc ctg cac cag gac tgg Cctg aat ggc aag gag tac aag tge aag 1296
Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
420 425 430

gto tcc aac aaa goc Ctc ©ca goc ©cc atc gag aaa acc atc toc aaa 1344
Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys
435 440 445

goc aaa ggg cag ©ccc Cga gaa cca cag gtg tac acc ctg ccc cca tec 1392
Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser
450 455 460

c©gg gat gag ctg acc aag aac cag gtc age ctg acc tge ctg goo aaa 1440
Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys
465 470 475 480

ggc ttc tat ccc agec gac atc goc gtg gag tgg gag agc aat ggg cag 1488
Gly Phe Tyr Pro Ser Asp Ile Rla Val Glu Trp Glu Ser Asn Gly Gln
485 490 485

ccg gag aac aac tac aag acc acg oct c©oC gtg ctg gac toc gac ggo 1536
Pro Glu Asn Ren Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly
500 505 510

tcc tte tte ctc tac age aag ctc acc gty gac aag agc agg tgg cag 1584
Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln
515 520 525

cag ggg aac gtc tte tea tgo toc gtg atg cat gag get ctg cac aac 1632
Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
530 535 540

cac tac acg cag aag agc ctc tec ctg tet ccg ggt aaa tga 1674

His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
545 550 555

<210> SEQ ID NO 4

<211> LENGTH: 557

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 4

Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser
1 s 10 15

Cys Leu Leu Leu Thr Gly Ser Ser Ser Gly Ser Lys Leu Lys Asp Pro
20 25 30

Glu Leu Ser Leu Lys Gly Thr Gln His Ile Mer Glm Ala Gly Gln Thr
35 40 45

Leu His Leu Gln Cys Arg Gly Glu Ala Ala His Lys Trp Ser Leu Pro

Pg. 133
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-continued

52

Glu
65

Cyse

Ala

Ser
Ile
145

Thr

Leu

Rla
Gln
225

Lye

Pro

Aep

Ser

305

Lys

Pro

Phe

Val

Phe

385

Pro

Thr

Val

Ala

Arg
465

50

Met

Gly

Gln

hsp
130
Ile
Ser
Ile
Ile
Thr
210
Thr
Leu
Leu
Gln
Lys
280
Gly
Ala
Pro
Pro
Thr
370
Asn
Arg
Val
Ser
Lye

450

Rep

Val

Arg

Ala

Ser

115

Thr

Hio

Pro

Pro

Ser

195

Val

Asn

Leu

Asn

Ser

275

Met

Pro

Gly

Pro
3565
Cys
Trp
Glu
Leu
Asn
435

Gly

Glu

Ser

Asn

Asn

100

Lys

Gly

Met

Asn

Aop

180

Asn

Aen

Thr

Arg

Thr

260

Asn

Gln

Ser

Pro

Pro

340

Lye

Val

Tyr

Glu

Hig

420

Lys

Gln

Leu

Lys
Gly
85

His

Lys

Arg

Ile

165

Gly

Ala

Gly

Ile

Gly

245

Arg

Ser

Asn

Phe

Gly

325

Ala

Pro

Val

Val

Gln

405

Gln

Ala

Pro

Thr

Glu
70

Lys
Thr
Lys
Pro
Glu

150

Thr
Lys
Thr
His
Ile
230
His
Val
His
Lys
Lys
310
Glu
Pro
Lys

Val
Asp
390
Agp
Leu
Arg

Lys
470

55

Ser

Gln

Gly

Glu

Phe

135

Gly

Val

Arg

Tyr

Leu
215

Asp

Thr

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

cys

Tyr

105

Glu

Glu

Glu

Leu

Ile

185

Glu

Lys

Gln

Val

Thr

265

Ile

Gly

Asn

Ser

Leu

345

Leu

Ser

Glu

Thr

Aon

425

Fro

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

His

Val

Tyr
410
Gly
Ile

Val

Ser

€0

Ser Ile
75

Thr Leu

Cys Lys
Ala Ile
Tyr Ser

140

Val Ile
155

Lys Phe

App Ser

Gly Leu

220

Ser Thr
235

hen Cys

Ser Tyr

Tyr Ser

Tyr Thr
300

Ser Val
315

Asp Lys

@ly Pro

Ile Ser

Glu Asp
380

Hie Asn
385

Brg Val

Lys Glu

Glu Lys

Tyr Thr
460

Leu Thr
475

Thr

Thr

Tyr

Tyr

125

Glu

Pro

Pro

Arg

205

Leu

Thr

Pro

Val
285

Cys

His

Thr

Ser

365

Pro

Ala

Val

Thr
445

Leu

Cys

Lys
Leu
Leu
110

Ile

Ile

Leu

Lyo

190

Thr

Thr

Arg

Ala

Asp

270

Leu

Arg

Ile

His

Val

350

Thr

Glu

Lys

Ser

Lys

430

Ile

Pro

Leu

Asn
95
Ala

Phe

Pro

Asp

175

Gly

cys

Hig

Pro

Thr

255

Glu

Thr

Val

Tyr

Thr

335

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

Asp

320

Cys

Leu

Glu

Lys

Lys

400

Leu

Lyo

Lys

Ser

Lys
480

Pg. 134
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Gly Phe Tyr

Pro Glu Asn

Ser Phe Phe

515

Gln Gly Asn

530

Hig Tyr Thr

545

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

<400>

atg gtc agc

Met
1

tgt
cys

atg
Met

cte

aaa

Lys
65

tgg
TIp

ata
Ile

aca
Thr

ata
Ile

cte
Leu
145

tgg
Tzp

tte
Phe

ctt
Leu

Val

ctg
Leu

tac

Tyr

gte
Val
50

aag

Lys

gac
Asp

999
Gly

aac
Asn

age
Ser
130

aat

Asn

agt
Ser

tac
Tyr

tat
Tyr

Ser

cte
Leu

agt
Ser
is

att
Ile

Lttt
Phe

agt
Ser

ctt
Leu

tat
Tyr
115

aca
Thr

tgt
Cys

tac

Tyx

agt
Ser

act
Thr
195

Pro
Asn
500
Leu

Val

Gln

SEQUENCE :

tac
Tyr

cte
Leu
20

gaa
Glu

cce
Pro

cca
Pro

aga
Arg

ctg
Leu
100

cte
Leu

cca
Pro

act
Thr

cet
Pro

gtc
Val
180

tgt
Cys

Ser
485

Tyr

Tyr

Phe

Lys

SEQ ID NO 5

LENGTH: 135%
TYPE: DNA
ORGANISM:
FEATURE:

NAME/KEY :
LOCATION:

Homo sapiens

cbs

(1) ...{1356)

s

tgg
Trp
5

aca
Thr

atc
Ile

tge
Cye

ctt
Leu

aag
Lys
85

acc
Thr

aca
Thr

cge
Arg

gct
Ala

gat
Aop
165

ctt

Leu

cgt
Arg

Asp

Lys

Ser

Ser

Ser
550

gac
Asp

gga
Gly

cee
Pro

€gg
Arg

gac
Asp
70

gge
Gly

tgt
Cys

cat
His

cca
Pro

acc
Thr
150

gaa

Glu

act
Thr

gta
Val

Ile
T
Lys
Cys
53?

Leu

acc
Thr

tet
Ser

gaa
Glu

gte
Val
13-

act

Thr

tte
Phe

gaa
Glu

cga

gte
Val
135

act

Thr

att
Ile

att
Ile

agg
Arg

Ala
Thr
Leu

520

Ser

Ser

999
Gly

agt
Ser

att
Ile
40

acg
Thr

ttg
Leu

ate
Ile

gca
Ala

caa
Gln
120

aaa

Lys

cece
Pro

gac
Agp

gac
Aop

agt
Ser
200

Val
Pro
505

Thr

Val

Leu

gte
Val

tce
Ser
25

ata
Ile

tca
Ser

ate
Ile

ata
Ile

aca
Thr
105

acc
Thr

tta
Leu

ttg
Leu

caa
Gln

aaa
Lys
185

gga
Gly

Glu
450

Pro

Val

Met

Ser

ctg
Leu
10

gga
Gly

<cac
His

cet
Pro

cct
Pro

tca
Ser
90

gte
Val

aat
Asn

et
Leu

aac
Asn

agc
Ser
170

atg
Met

cca
Pro

Trp

Val

Asp

His

Pro
555

ctg
Leu

ggt
6ly

atg
Met

aac
Asn

gat
Asp
75

aat
Asn

aat
Asn

aca
Thr

aga
Arg

acg
Thr
1585

aat

Aon

cag
Gln

tca
Ser

Glu Ser Asn Gly

Leu
Lys
Glu

540

Gy

tge

aga
Arg

act
Thr

atc
Ile
€0

gga
Gly

gca
Ala

999
Gly

atc
Ile

gge
Gly
140

aga
Arg

tec
Ser

aac
Asn

tte
Phe

Asp

Ser
525

Ala

Lys

gcg
Ala

cet
Pro

gaa
Glu
45

act
Thr

aaa
Lys

aecg
Thr

cat
His

ata
Ile
125

cat
His

gte
Val

cat
Hio

aaa
Lys

aaa
Lys
205

Ser
510

Arxg

Leu

ctg
Leu

tte
Phe
30

g9a
Gly

gtt
Val

cge

tac
Tyr

ttg
Leu
110

gat

act
Thr

caa
Gln

gce
Ala

gac
Asp
190

tet
Ser

495

Asp

Trp

His

cte
Leu
15

gta
Val

agg
Arg

act
Thr

ata
Ile

aaa
Lys
95

tat
Tyr

gte
Val

=14
Leu

atg
Met

aac
Asn
175

Lys

gte
Val

Gln

Gly

Gln

Asn

agc
Ser

9ag
Glu

gag
Glu

tta
Leu

ate
Ile
80

gaa
Glu

aag
Lys

caa
Gln

gte
Val

acc
Thr
160

ata

Ile

gga
Gly

aac
Asn

48

96

144

192

240

288

336

384

432

480

528

576

Pg. 135
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55 56

-continued

acc tca gtg cat ata tat gat aaa gca ggc ©cg gg¢ gag ccc aaa tet 672
Thr Ser Val Hie Ile Tyr Asp Lys Ala Gly Pro Gly Glu Pro Lys Ser
210 215 220

. tgt gac aaa act cac aca tgc cca cog tgc <ca gca ¢ct gaa ctc ctg 720
Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
225 230 215 240

ggg gga ccg tea gtc tte CLC LLE ©CC CCa aaa CCC aag gac acc cte 768
Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
245 250 255

atg atc tee egg ace oCt gag gtc aca tge gtg gtg gtg gac gtg age 816
Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser
260 265 270

cac gaa gac ¢Ct gag gtc aag ttc aac tgg tac gtg gac ggc gtd gag 864
Hie Glu Asp Pro Glu Val Lys Phe Agn Trp Tyr Val Aop Gly Val Glu
27s 280 285

gtg cat aat gcc aag aca aag ccg ©gg gag gag cag tac aac agc acg 912
Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr
290 295 300

tac cgt gtg gtc age gte ctec ace gte ctg cac cag gac tgg ctg aat 960
Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn
305 310 315 310

ggc aag gag tac aag tge aag gtc LoC aac aaa goc oto cca goo cec 1008
Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro
3258 330 335

atc gag aaa acc atc toc aaa goc aaa ggg cag ccc cga gaa cca cag 1056
Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln
340 345 350

gtg tac a¢g ¢tg coc cca tec cgg gat gag ctg acc aag aac cag gto 1104
Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val
355 360 365

agc ctg acc tgc ctg gtc aaa ggc ttc tat ©cc agc gac atc goo gtg 1152
Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val
370 375 380

gag tgg gag agc aat ggg cag ©cg gag aac aac tac aag ace acg cct 1z00
Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro
385 390 395 400

cee gtg ctg gac tec gac ggc tec tte ttc ctc tac agc aag ctc acc 1248
Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr
405 410 415

gtg gac aag agc agg tgg cag <cag ggg aac gtc tte tca tge tec gtg 1296
Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val
420 425 430

atg cat gag gct ctg cac aac cac tac acg cag aag age ¢te tec ctg 1344
Met Hio Glu Ala Leu Hig Aon His Tyr Thr Gln Lys Ser Leu Ser Leu
435 440 445

tct ceg ggt aaa tga 1359

Ser Pro Gly Lys
450

<210> SEQ ID NO &

<211> LENGTH: 452

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 6

Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser
1 5 10 15

Cys Leu Leu Leu Thr Gly Ser Ser Ser Gly Gly Arg Pro Phe Val Glu
20 25 a0

Met Tyr Ser Glu Ile Pro Glu Ile Ile His Met Thr Glu Gly Arg Glu

Pg. 136
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-continued

58

Leu
Lys
65

Trp
Ile
Thr

Ile

Leu
145

Trp

Phe

Leu

Thr

Cye
225
Gly

Met

Val

Tyr
308
Gly
Ile
Val
Ser
Glu
385
Pro
Val

Met

Ser

Val

50

Lys

Asp

Gly

Asn

Ser

130

Asn

Ser

Tyr

Tyr

Ser

210

Asp

Gly

Ile

Glu

His

290

Arg

Lys

Glu

TYr

Leu

70

Val

Asp

Hie

Pro
450

35

Ile

Phe

Ser

Leu

Tyr
115

Thr

Cys

Tyr

Ser

Thr

185

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
180

Cys

His

Thr

Ser

Arg

260

Pro

Ala

Val

Thr
340

Leu

Cys

Ser

Rop

Ser

420

Ala

Lyse

Cys

Leu

Lys

85

Thr

Thr

Arg

Ala

Asp
165
Leu
Arg
Ile
His
Val
245
Thr
Glu
Lys
Ser
Lys
azs
Ile
Pro
Leu
Asn
Ser
405

Arg

Leu

Arg
Asp
70

Gly
Cys
His
Pro
Thr
150
Glu

Thr

Val

Thr
230
Phe
Pro
Val

Thr

Val
310

Cys

Ser

Pro

Val

Gly

350

Aop

Trp

His

Val
55

Thr
Phe
Glu
Arg
Val
135
Thr

Ile

Ile

Asp
215
Cys
Leu
Glu
Lys
Lys
295
Leu
Lys
Lye
Ser
Lys
375
Gln
Gly

Gln

Asn

40

Thr

Leu

Ile

Ala

Gln

120

Lyo

Pro

Asp

Ser

200

Lys

Pro

Fhe

Val

Fhe

280

Pro

Thr

Val

Ala

Arg

360

Gly

Pro

Ser

Gln

His
440

Ser

Ile

Ile

PFro

Pro

Ser

. 90

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

425

Tyr

Val

Asn

Leu

Asn

Ser

170

Met

Proe

Gly

Cys

Pro
250

Cys

Trp

Glu

Leu

Asn

330

Gly

Glu

TYr

Asn

Phe

410

Asn

Thr

Asn

Asn

Asn

Thr

Thr

155

Gln

Ser

Pro

Pro

235

Lys

Val

Glu

His

315

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

Thr
Ser

380

Tyr

Phe

Lys

45

Thr

Lys

Thr

His

Ile

125

Hio

Val

Hise

Lys

Lys

205

Glu

Pro

Lys

Val

Asp

285

Asp

Leu

Arg

Lys

365

Asp

Lys

Ser

Ser

Ser
445

val

Arg

TYr

Leu

110

Asp

Thr

Gln

Ala

Asp

150

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

Apn

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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-continued

<210> SEQ ID NO 7

<211> LENGTH: 1389

<212> TYPE: DNA

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

<221> NAME/KEY: CDS

<222> LOCATION: (1)...(1388)

<400> SEQUENCE: 7

atg gtc agc tac tgg gac acc ggg gtc ctg ctg tgc geg ctg cte age 48
Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser
1 s 10 15

tgt ctg ctt cte aca gga tct agt tec gga ggt aga cct tte gta gag 96
Cyo Leu Leu Leu Thr Gly Ser Ser Ser Gly Gly Arg Pro Phe Val Glu
20 25 10

atg tac agt gaa atc ccC gaa att ata cac atg act gaa gga agg gag 144
Met Tyr Ser Glu Ile Pro Glu Ile Ile His Met Thr Glu Gly Arg Glu
is 40 45

ctc gte att cecc tge cgg gtt acg tca oct aac atc act gtt act tta 192
Leu Val Ile Pro Cys Arg Val Thr Ser Pro Asn Ile Thr Val Thr Leu
50 55 60

aaa aag ttt cca ctt gac act ttg atc cct gat gga aaa cgc ata atce 240
Lys Lys Phe Pro Leu Asp Thr Leu Ile Pro Asp Gly Lys Arg Ile Ile
&5 70 75 20

tgg gac agt aga aag ggc ttc atc ata tca aat gca acg tac aaa gaa 288
Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr Tyr Lys Glu
as S0 95

ata ggg ctt ctg acc tgt gaa gca aca gtc aat ggg cat ttg tAt aag 336
Ile Gly Leu Leu Thr Cys Glu RAla Thr Val Asn Gly His Leu Tyr Lys
100 105 110

aca aac tat ctc aca cat cga caa acc aat aca atc ata gat gtc caa 384
Thr Asn Tyr Leu Thr His Arg Gln Thr Asn Thr Ile Ile Asp Val Gln
115 120 125

ata agc aca cca ©gc cca gtc aaa tta ctt aga ggc cat act ctt gtc 432
Ile Ser Thr Pro Arg Pro Val Lys Leu Leu Arg Gly His Thr Leu Val
130 135 140

ctc aat tgt act gct acc act ccc ttg aac acg aga gtt caa atg acc 480
Leu Asn Cys Thr Ala Thr Thr Pro Leu Asn Thr Arg Val Gln Met Thr
145 150 155 160

tgg agt tac cct gat gaa aaa aat aag aga get tec gta agg cga cga 528
Trp Ser Tyr Pro Asp Glu Lys Asn Lys Arg Ala Ser Val Arg Arg Arg
165 170 175

att gac caa agc aat toc cat goc aac ata tto tac agt gtt ctt act 576
Ile Aop Gln Ser Aon Ser Hio Ala Asn Ile Phe Tyr Ser Val Leu Thr
180 185 150

att gac aaa atg cag aac aaa gac aaa gga ctt tat act tgt cgt gta 624
Ile Asp Lys Met Gln Aen Lys Asp Lys Gly Leu Tyr Thr Cys Arg Val
195 200 205

agg agt gga c¢ca tca Ltc aaa tot gtt aac acc tca gtg cat ata tat 672
Arg Ser Gly Pro Ser Phe Lys Ser Val Asn Thr Ser Val His Ile Tyr
210 215 220

gat aaa gca ggc ©cg ggc gag ccc aaa tot tgt gac aaa act cac aca 720
Asp Lys Ala Gly Pro Gly Glu Pro Lys Ser Cys Asp Lys Thr His Thr
225 230 235 240

tgc cca ccg tgc ¢ca gca cct gaa ctc ctg ggg gga c©og tca gte tte 768
Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe
245 250 255

ctc tte cocc cca aaa ccc aag gac acc ctc atg ate tec ©gg acc cet 816

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
260 265 270
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62

gag gtc aca tgc gtg gtg gtg gac
Glu Val Thr Cys Val Val Val Asp
275 280

aag ttc aac tgg tac gtg gac ggc
Lys Phe Ron Trp Tyr Val Asp Gly
290 295

aag ccg cgg gag gag cag tac aac
Lys Pro Arg Glu Glu Gln Tyr Asn
305 310

ctc acc gtc ctg cac cag gac tgg
Leu Thr Val Leu His Gln Asp Trp
325

aag gtc tcc aac aaa gcc ctoc cca
Lys Val Ser Asn Lye Ala Leu Pro
340

aaa gcc aaa ggg cag ccc ©ga gaa
Lys Ala Lys Gly Gln Pro Arg Glu
355 360

tcc cgd gat gag ctg acc aag aac
Ser Arg Asp Glu Leu Thr Lys Asn
370 375

aaa ggc tte tat ccc age gac atc
Lys Gly Phe Tyr Pro Ser Asp Ile
285 390

cag ccg gag aac aac tac aag acc
Gln Pro Glu Asn Asn Tyr Lys Thr
405

ggec tec tto ttc cto tac ago aag
Gly Ser Phe Phe Leu Tyr Ser Lys
420
cag cag ggg aac gtc ttc tca tge
Gln Gln Gly RAsn Val Phe Ser Cys
435 440
aa¢ cac tac acg cag aag age cte
Aen His Tyr Thr Gln Lys Ser Leu
450 455
tga
<210> SEQ ID NO 8
«211> LENGTH: 462
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 8

Met Val Ser Tyr Trp Asp Thr Gly
1 5

Cys Leu Leu Leu Thr Gly Ser Ser
Met Tyr Ser Glu Ile Pro Glu Ile
Leu Val Ile Pro Cyo Arg Val Thr
Lys Lys Fhe Pro Leu Asp Thr Leu

65 70

Trp Asp Ser Arg Lye Gly Phe Ile
a5

Iie Gly Leu Leu Thr Cys Glu Ala
100

gtg
Val

gtg
Val

age
Ser

ctg
Leu

gee
Bla
345
cca
Pro

cag
Gln

gee
Ala

acg
Thr

cte
Leu
425

tecc

Ser

tee
Ser

Val

Ser

25

Ile

Ser

Ile

Ile

Thr
105

age
Ser

gag
Glu

acg
Thr

aat
Asn
330

ccc
Pro

cag
Gln

gte
Val

gtg
Val

cct
Pro
410

acc

Thr

gtg
val

ctg
Leu

Leu

10

Gly

His

Pro

Pro

Ser

Val

<cac
His

gtg
Val

.tac

315
gge
Gly

ate
Ile

gtg
Val

age
Ser

gag
Glu

385
cec

Pro

gtg
Val

atg
Met

tet
Ser

Leu

Gly

Met

Asn

75

Asn

Asn

gaa
Glu

cat
Hig
300
egt
Arg

aag
Lys

gag
Glu

tac

Tyr

ctg
Leu
380

tgg
Trp

gatg
Val

gac

cat
His

ceg
Pro
460

Arg
Thr
Ile
60

Gly

Ala

Gly

gac
Rsp
285

aat
Asn

gtg
Val

gag
Glu

aaa
Lye

ace
Thr
365

acc
Thr

gag
Glu

ctg
Leu

aag
Lys

gag
Glu
445

g9t
Gly

Glu
45

Thr
Lys

Thr

His

cet
Fro

gee
Ala

gte
Val

cac

acc
Thr
350

ctg
Leu

tge

cys

agc
Ser

gac
Asp

age
Ser
430

get
Ala

aaa
Lys

Arg

Tyr

Leu
110

g9ag
Glu

aag
Lyo

age
Ser

aag
Lys
33s

atec

Ile

cee
Pro

ctg
Leu

aat
Asn

tee
Ser
415
agg
Arg

ctg
Leu

Ile

Lyse
95

Tyr

gtc
val

aca
Thr

gte
Val
320
tge
cys

tce
Ser

cca
Pro

gte
Val

9399
Gly
400

gac

Asp

tgg
Trp

cac
His

Ser

Glu

Glu

Leu

Ile

80

Glu

Lys

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1386

1389
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US 7,374,758 B2
63 64

-continued

Thr Asn Tyr Leu Thr His Arg Gln Thr Asn Thr Ile Ile Agp Val Gln
115 120 125

Ile Ser Thr Pro Arg Pro Val Lys Leu Leu Arg Gly His Thr Leu Vall
130 . 135 ' ’ 140 .

Leu Asn Cys Thr Ala Thr Thr Pre Leu Asn Thr Arg Val Gln Met Thr
145 150 155 160

Trp Ser Tyr Pro Asp Glu Lys Asn Lys Arg Ala Ser Val Arg Arg Arg
165 170 175

Ile Asp Gln Ser Asn Ser His Ala Asn Ile Phe Tyr Ser Val Leu Thr
180 185 190

Ile Asp Lys Met Gln Asn Lys Asp Lys Gly Leu Tyr Thr Cys Arg Val
195 200 205

Arg Ser Gly Pro Ser Phe Lys Ser Val Asn Thr Ser Val His Ile Tyr
210 215 220

Asp Lys Ala Gly Pro Gly Glu Pro Lys Ser Cys Asp Lys Thr His Thr
225 230 235 240

Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe
245 250 255

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
260 265 270

Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val
275 280 285

Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
290 295 300

Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val
305 310 315 320

Leu Thr Val Leu Hie Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cye
328 330 33s

Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser
340 345 350

Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
355 360 365

Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val
370 375 380

Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Aen Gly
ass 390 395 400

Gln Pre Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp
405 410 415

Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp
420 425 430

Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His
435 440 445

Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
450 455 460

<210> SEQ ID NO 9

«211> LENGTH: 1704

<212> TYPE: DNA

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

<221> NAME/KEY: CDS

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

<400> SEQUENCE: 9

atg gtc age tac tgg gac acc ggg gtc ctg ctg tgc goeg ctg cte age 48

Pg. 140
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US 7,374,758 B2

-continued

66

Met

tgt
Cys

gaa
Glu

ctg
Leu

gaa
Glu
65

tgt
Cys

get
Ala

cet
Pro

agt
Ser

att
Ile
145

acg
Thr

ttg
Leu

ate
Ile

gca
Ala

caa
Gln
225
aaa
Lys

cce
Pro

aat
Aon

gcec
Ala

gac

308

Val

crg
Leu

ctg
Leu

cat
His
50

atg
Met

gga
Gly

caa
Gln

act
Thr

gat
Asp
130

ata
Ile

tca
Ser

atc
Ile

ata
Ile

aca
Thr
210

ace

tta
Leu

ttg
Leu

aag
Lys

aac
Asn
290

aaa
Lys

Ser

ctt
Leu

agt
Ser

35
cte
Leu

gtg
Val

aga

gca
Ala

tca
Ser
115

aca
Thr

cac
His

cct
Preo

cct
Pro

toa
Ser
195

gte
Val

aat
Asn

ctt
Leu

aac
Asn

aac
Aon
275

ata

Ile

gga
Gly

cte
20

tta
Leu

caa
Gln

agt
Ser

aat
Asn

aac
Asn
100

aag
Lys

ggc
Gly

atg
Met

aac
Asn

gat
Asp
180

aat
Asn

aat
Asn

aca
Thr

aga
Arg

acg
Thr
260

gee
Ala

tte
Phe

ctc
Leu

aca
Thr

aaa
Lys

tge
Cye

aag
Lys

ggc
Gly
85

cac
His

aag
Lys

aga
Arg

act
Thr

atc
Ile
185

gga
Gly

gca
Ala

999
Gly

atc
Ile

gg¢
Gly
245

aga
Arg

tece
Ser

tac

Tyr

tac

Tyr

Asp

gga
Gly

g9¢
Gly

agg
Arg

gaa
Glu
70

aaa
Lys

act
Thr

aag
Lys

cect
Pro

gaa
Glu
150

act
Thr

aaa
Lye

acg
Thr

cat
His

ata
Ile
230

cat
His

gtt
val

gta
Val

agt
Ser

act
Thr
310

Thr

tct
Ser

ace
Thr

999
Gly
55

age
Ser

caa
Gln

ggc
Gly

gaa
Glu

tte
FPhe
135

gg9a
Gly

gtt
Val

cge

tac

Tyr

ttg
Leu
215

gat
Asp

act
Thr

caa
Gln

agg
Arg

gtt
Val
295

tgt

Cys

Gly

agc
Ser

cag
Gln
40

gaa
Glu

gaa
Glu

Ete
Phe

tte
Phe

aca
Thr
120

gta
Val

agg
Arg

act
Thr

ata
Ile

aaa
Lys
200

tat
Tyr

gte
Val

ctt
Leu

atg
Met

cga
Arg
280

ctt
Leu

cgt
Arg

val

tca
Ser
25

cac
His

gca
Ala

agg
Arg

tge
cys

tac

Tyx
105

gaa
Glu

gag
Glu

gag
Glu

tta
Leu

atc
Ile
185

gaa
Glu

aag
Lys

caa
Gln

gte
Val

acc
Thr
265

cga
Arg

act
Thr

gta
Val

Leu
10

agt
Gly

ate
Ile

gee
Ala

ctg
Leu

agt
Ser
90

age
Ser

tee
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

tca
Ser

atg
Met

cat
His

age
Ser
75

act
Thr

tge
Cys

gea
Ala

tac

Tyr

gte
Val
155

aag
Lys

gac

999
Gly

aac
Asn

age
Ser
235

aat
Asn

agt
Ser

gac

gac
Asp

agt
Ser
315

Cys
r‘

aaa

Lys

caa
Gln

aaa
Lys

60
ata
Ile

Tta
Leu

aaa
Lys

ate
Ile

age
Ser
140
atc
Ile

ttt
Phe

agt
Ser

ctt
Leu
tat
220

aca

tgt
Cys

tac

caa
Gln

aaa
Lys
300

gga
Gly

Ala Leu Leu

tta
Leu

gca
Ala

tag
Trp

act
Thr

acec
Thr

tat

tat
Tyr
125

gaa
Glu

cece
Pro

cca
Pro

aga

ctg
Leu
205

ctc
Leu

cca
Pro

act
Thr

oce
Pre

agc
Ser
285

atg
Met

cca
Pro

aaa
Lys
30

gac
Gly

tct
Ser

aaa
Lys

ttg
Leu

cta
Leu
110

ata
Ile

ate
Ile

tge
Cys

ctt
Leu

aag
Lys
190

acc

Thr

aca
Thr

cgco

get
Ala

gat
Asp
270

aat

Aon

cag
Gln

tca
Ser

15

gat
hsp

cag
Gln

teg
Leu

tect
Ser

aac
Asn
95

get
Ala

tce
Phe

cce
Pro

©gg
Arg

gac
Asp
175

ggc
Gly

tgt
Cys

cat
His

cca
Pro

ace
Thr
255

gaa
Glu

tece
Ser

aac
Asn

tte
Phe

Ser

cct
Prc

aca
Thr

cet
Pro

gecc
Ala
BO

aca

Thr

gta
Val

att
Ile

gaa
Glu

gte
Val
160

act
Thr

tte

Phe

gaa
Glu

cga
Arg

gtc
Val
240

act
Thr

aaa
Lys

cat
Hie

aaa
Lys

aaa
Lys
320

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768

8lé

864

912

960
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US 7,374,758 B2
67 68

-continued

tet gtt aac acc tca gtg cat ata tat gat aaa geca ggc ¢cg ggc gag 1008
Ser Val Asn Thr Ser Val His Ile Tyr Asp Lys Ala Gly Pro Gly Glu
325 330 3is

ccc aaa Lot tgt gac aaa act cac aca tgo cca ccg tge cca gea cct 1056
Pro Lys Ser Cys Asp Lys Thr Hie Thr Cys Pro Pro Cys Pro Ala Pro
340 345 350 )

gaa ctc C©tg ggg gga cog tca gte tte cto tte ccc ©ca aaa cco aag 1104
Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
355 360 365

gac acc ctec atg ate tec €gg acc oot gag gtc aca tge gtg gtg gtg 1152
Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
370 375 ag0

gac gtg agc cac gaa gac cct gag gtc aag ttc aac tgg tac gtg gac 1200
Bop Val Ser Hio Glu Aop Pro Glu Val Lyo FPhe Asn Trp Tyr Val Asp
385 3%0 395 400

ggc gtg gag gtg cat aat goc aag aca aag ccg <©gg 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 ogt gtg gtc agc gte ctc ace gte ctg cac cag gac 1296
RAen 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 tec aac aaa goc cte 1344
Trp Leu Asn Gly Lye Glu Tyr Lye Cye Lys Val Ser Asn Lyes Rla Leu
435 440 445

cca goc ©CC atc gag aaa acc atc toc aaa goc aaa ggg cag cocc cga 1392
Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
450 455 460

gaa cca cag gtg tac acc ctg ccc cca tec cgg gat gag ctg acc aag 1440
Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys
465 470 475 480

aac cag gtec age ctg acc tge ctg gtc aaa ggce tte tat ccc agc gac 1488
Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
485 490 495

atc gcc gtg gag tgg gag agc aat ggg cag ©cg gag aac aac tac aag 1536
Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
500 505 510

acc acg cct ccec gtg ctg gac tec gac gge tce tte tte cte tac age 1584
Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
515 520 525

aag ctc acc gtg gac aag agc agg tgg cag cag ggg aac gtc tic tca 1632
Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser
530 535 540

tgc tcc gtg atg cat gag gcet ¢tg cac aac cac tac acg cag aag agce 1680
Cys Ser Val Met His Glu Ala Leu His Aon Hio Tyr Thr Gln Lys Ser
545 550 555 560

ctc tec ctg tot cog ggt aaa tga 1704

Leu Ser Leu Ser Pro Gly Lys
1133

<210> SEQ ID NO 10

<211> LENGTH: 567

<212> TYPE: PRT

<213> ORGANISM: Homo scapieno
<400> SEQUENCE: 10

Met Val Ser Tyr Trp Asp Thr Gly Val Leu Leu Cys Ala Leu Leu Ser
1 s 10 15

Cys Leu Leu Leu Thr Gly Ser Ser Ser Gly Ser Lys Leu Lys Asp Pro
20 25 30

Glu Leu Ser Leu Lys Gly Thr Gln His Ile Met Gln Ala Gly Gln Thr

Pg. 142
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-continued

70

Glu
65

Cys

Ala

Pro

Ser

Ile

145

Thr

Leu

Ile

Ala

Gln

225

Lys

Pro

Ala

Asp

305’

Ser

Pro

Glu

Asp
388
Gly
Asn

Trp

Pro

His

50

Met

cly

Gln

Thr

Asp

130

Ile

Ser

Ile

Ile

Thr

210

Leu

Leu

Lys

Asn

280

Lys

Val

Lys

Leu

Thr

370

Val

Val

Ser

Leu

Ala
450

35

Leu

Val

Arg

Ala

Ser

115

Thr

His

Pro

Pro

Ser

195

Val

Asn

Leu

Asn

Rsn

275

Ile

Gly

Asn

Ser

Leu

355

Leu

Ser

Glu

Thr

Ren

435

Pre

Gln

Ser

Asn

Asn

100

Lys

Gly

Met

Asn

Asp

180

Asn

Asn

Thr

Arg

Thr

260

Ala

Phe

Leu

Thr

Cye

340

Gly

Met

His

Val
Tyx
420

Gly

Ile

Cys Arg Gly

Lys
Gly
85

Hise

Lys

Arg

ile
1865
Gly
Ala
Gly
Ile
Gly

245

Ser

Tyr

Tyr

Ser

325

Asp

Gly

Ile

Glu

His
405

Arg

Lys

Glu

Glu
70

Lya
Thr
Lys
Pro
Glu
150
Thr
Lys
Thr
His
Ile
230
Hisg
Val
Val
Ser
310
Val
Lys
Pro
Ser
Asp
390
Asn
Val

Glu

Lys

55

Ser

Gln

Gly

Glu

Phe

135

Gly

Val

Arg

Leu
215

Asp

Thr

Gln

Val
295

Cys

His

Thr

Ser

Arg

375

Pre

Ala

Val

Tyr

Thr
455

40

Glu

Glu

Phe

Fhe

Thr

120

Val

Arg

Thr

Ile

Lys

200

TYr

Val

Leu

Met

Arg

280

Leu

Arg

Ile

His

Val

360

Thr

Glu

Lyo

Ser

Lys

440

Ile

Ala

Cys

Tyr

105

Glu

Glu

Glu

Leu

Ile

185

Glu

Lys

Gln

Val

Thr

265

Arg

Thr

Val

Tyr

Thr

345

Fhe

Pro

Val

Thr

Val
425

Cys

Ser

Ala
Leu
Ser
90

Ser
Ser
Met
Leu
Lys
170

Trp

Ile

Ile
Leu
250
Trp
Ile
Ile
Arg
Asp
330
Cys
Leu
Glu
Lys
Lys
410
Leu

Lys

Lys

His
Ser
75

Thr

Cys

Ala

Tyr

Val

155

Lye

Rsp

Gly

Asn

Ser

235

Asn

Ser

Asp

Asp

Ser

315

Lys

Pro

Phe

Val

Phe

395

Pro

Val

Ala

Lys
60

Ile
Leu
Lye
Ile
Sexr
140
Ile
Fhe

Ser

Leu

Tyr
220

Cys

Gln
Lys
300
Gly
Ala
Pro
Pro
Thr
380
Asn
Arg
Val

Ser

Lys
460

45

Trp

Thr

Thr

Tyr

125

Glu

Pro

Pro

Arg

Leu

205

Leu

Pre

Thr

Pro

Ser

285

Met

Pro

Gly

Cys

Pro
365

Cye

Trp

Glu

Leu

Asn

445

Gly

Ser

Lys

Leu

Leu

110

Ile

Ile

Cys

Leu

Lys

150

Thr

Thr

Arg

Ala

270

Rsn

Gln

Ser

Pro

Pre

350

Lys

Val

Tyr

Glu

His

430

Lys

Gln

Leu

Ser

Asn

95

Ala

Fhe

Pro

Arg

175

Gly

cys

His

Pro

Thr

255

Glu

Ser

Asn

Phe

Gly

335

Ala

Pro

Val

Val

Pro

Ala

Thr

Val

Ile

Glu

Val

160

Thr

Phe

Glu

Arg

Val

240

Thr

Lys

His

Lys

Lys

320

Glu

Pro

Lys

Val

Asp

- 400

Gln

415

Gln

Ala

Pro

Tyr

Asp

Leu

Arg

Pg. 143
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US 7,374,758 B2

-continued

72

Glu
465
Asn
Ile
Thr
Lys
Cys
545

Leu

Pro

Gln

Ala

Thr

Leu

530

Ser

Ser

Gln

Val

Val

Pro

515

Thr

Val

Leu

Val

Ser

Glu

500

Pre

val

Met

Ser

Leu
485

Trp

Val

Asp

His

Pro
565

<210> SEQ ID KO 11

<211> LENGTH:

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION:

1453

Thr
470

Thr

Glu

Leu

Lys

Glu

550

Gly

Leu

Cys

Ser

Asp

Ser

535

Ala

Lye

Pro

Leu

Asn

Ser

520

Arg

Leu

(69)...(1442)

<400> SEQUENCE: 11

aagcttggge tgcaggtcga tcgactctag aggatcgatc cocgggegag ctcgaatteg

caaccacc atg gtc age tac tgg gac acc ggg gtc ctg otg tge geg ctg
rp Asp Thr Gly Val L
5

ctc
Leu
1s

gta
Val

agg
Arg

act
Thr

ata
Ile

aaa
Lys
95

tat

gtg
Val

ctt
Leu

tte
Phe

agc
Ser

gag
Glu

gag
Glu

tta
Leu

atc
Ile
1]

gaa
Glu

aag
Lys

gtt
Val

gtc
Val

aac
Asn
160

Met Val Ser Tyr T

1

tgt
Cys

atg
Met

cte
Leu

aaa
Lys
65

tgg
Trp

ata
Ile

aca
Thr

ctg
Leu

tta
Leu
145

tgg
Trp

ctg
Leu

tac

Tyr

gtec
Val
50

aag
Lys

gac
Asp

999
Gly

aac
Asn

agt
Ser
130

aat

Asn

gaa
Glu

(143
Leu

agt
Ser

as
attc
Ile

tte
Phe

agt
Ser

cte
Leu
tat

115

ccg
Pro

tgt
Cys

tac

Tyr

ctc
Leu
20

gaa
Glu

cece
Pro

cca
Pro

aga
Arg

ctyg
Leu
100

cte
Leu

tect
Ser

aca
Thr

cct
Pro

aca
Thr

atc
Ile

tge
Cys

ctt
Leu

aag
Lys
a5

acc
Thr

aca
Thr

cat
Hig

gca
Ala

teo
Ser
165

gga
Gly

ccc
Pro

©g99
Arg
gac

T0
ggc
Gly

tgt
Cys

cat
His

aga
Gly
aga
150

teg
Ser

Pro
Val
Gly

505

Asp

Trp

His

tet
Ser

gaa
Glu

gt
Val
55

act

Thr

tte
Phe

gaa
Glu

<ga

att
Ile
135

act

Thr

aag
Lys

Ser
Lys
490

Gln

Gly

Gln

Asn

agt
Ser

att
Ile
40

acg
Thr

ttg
Leu

atc
Ile

gca
Ala

caa
Gln
120

gaa
Glu

gaa
Glu

cat
His

Arg Asp Glu Leu Thr
475

Gly Phe Tyr Pro Ser
495

Pro Glu Asn Asn Tyr
510

Ser Phe Phe Leu Tyr
525

Gln Gly Asn Val Phe
540

His Tyr Thr Gln Lys
555

10

tcc gga ggt aga cct
Ser Gly Gly Arg Pro
25

ata cac atg act gaa
Ile His Met Thr Glu
45

tca cct aac atc act
Ser Pro Asn Ile Thr
60

atc cct gat gga aaa
Ile Pro Asp Gly Lys
75

ata tca aat gca acg
Ile Ser Asn Ala Thr
90

aca gtc aat ggg cat
Thr Val Asn Gly His
105

acc aat aca atc ata
Thr Asn Thr Ile Ile
125

cta tct gtt gga gaa
Leu Ser Val Gly Glu
140

cta aat gtg ggg att
Leu Asn Val Gly Ile
155

cag cat aag aaa ctt
Gln His Lys Lys Leu
170

Lye

480

Agp

Lys

Ser

Ser

Ser
560

eu Leu Cys Ala Leu

tte
Phe
30

gga
Gly

gte
Val

cgc

tac

TYr

ttg
Leu
110

gat

aag
Lyo

gac
Asp

gta
val

60

110

158

206

254

302

350

398

446

494

542

590
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US 7,374,758 B2

-continued
aac cga gac cta aaa acc cag tct ggg agt gag atg aag aaa ttt ttg 638
Ben Arg Asp Leu Lys Thr Gln Ser Gly Ser Glu Met Lys Lys Phe Leu
175 180 185 190
agc acce tta act ata gat ggt gta acc ©gg agt gac caa gga ttg tac 686
Ser Thr Leu Thr Ile Asp Gly Val Thr Arg Ser Asp Gln Gly Leu Tyr )
195 200 205
act tgt gca gca tec agt ggg ctg atg acc aag aag aac agc aca ttt T34
Thr Cys Ala Ala Ser Ser Gly Leu Met Thr Lys Lys Asn Ser Thr Phe
210 215 220
gtc agg gtc cat gaa aag gge ©cg ggc gac aaa act cac aca tgc cca 782
Val Arg Val His Glu Lys Gly Pro Gly Asp Lys Thr His Thr Cys Pro
225 230 235
ceg tge cca goa oct gaa ctc ctg ggg gga coog tca gtc tte cte tte 830
Pro Cyp Preo Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe
240 245 250
cecc cca aaa ©cC aag gac acc ctc atg atc tec cgg acc cct gag gtc 878
Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val
255 250 265 270
aca tgc gtg gtg gtg gac gtg agc cac gaa gac cct gag gtc aag tte 926
Thr Cys Val Val Val Asp Val Ser Hie Glu Asp Pro Glu Val Lys Phe
275 280 285
aac tgg tac gtg gac ggc gtg gag gtg cat aat goc aag aca aag ocg 974
Aen Trp Tyr Val Bsp Gly Val Glu Val Hie Asn Ala Lys Thr Lys Pro
290 295 300
c©gg gag gag ¢ag tac aac age acg tac ¢gt gtg gtc agec gtc ctc acc 1022
Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr
305 310 315
gtec ctg cac cag gac tgg ctg aat gge aag gag tac aag tgc aag gtc 1070
Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val
320 325 330
t¢c aac aaa goc Ctc cca goc coc atc gag aaa acc atc tocc aaa goc 1118
Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala
335 340 345 350
aaa ggg cag <cc ©ga gaa cca cag gtg tac acc ctg coc cca tec cgg 1166
Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg
355 360 365
gat gag ctg acc aag aac cag gtc agc ctg acc tgc ctg gtc aaa ggco 1214
Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly
370 375 380
ttc tat coC ageo gac atc goo gtg gag tgg gag agc aat ggg cag ccg 1262
Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro
385 390 395
gag aac aac tac aag acc acg oct coc gtg ctg gac tcc gac ggc teo 1310
Glu Aon Asn Tyr Lys Thr Thr Pre Pro Val Leu Acp Ser Asp Gly Ser
400 4085 410
tte tte cto tat agc aag ctc acc gtg gac aag agc agg tgg cag cag 1358
Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln
415 420 425 430
ggg aac gtc ttc tea tge toc gtg atg cat gag got otg cac aac cac 1406
Gly Asn Val Phe Ser Cyg Ser Val Met His Glu Ala Leu Hig Asn His
435 440 445
tac acg cag aag agc cte tec ctg tet cog ggt aaa tgageggeceg 1452
Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
450 455
< 1453

<210> SEQ ID KO 12

<211> LENGTH: 458

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

Pg. 145
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US 7,374,758 B2

-continued

76

<400> SEQUENCE:

Met Val Ser

1

Cyo

Met

Leu

Lys

65

Trp

Ile

Thr

Leu

Leu
145

Trp

Asp

Leu

Ala

Val

225

Pro

Lys

Val

Glu
305

His

Lys

Glin

Pro
igs

Asn

Leu

Tyr

Val

50

Lys

Rsp

Gly

Asn

Ser

130

Asn

Glu

Leu

Ala

210

His

Ala

Pro

Val

Val

290

Gln

Gln

Ala

Pro

Thr

370

Ser

Tyr

Leu
Ser
as

Ile
Phe

Ser

Leu

yYr
115
Pro
Cys
Tyr
Lys
Ile
195
Ser
Glu
Pro
Lys
Val
275
Aop
Tyr
Asp
Leu
Arg

355

Lys

Lys

Tyr

Leu

20

Glu

Pro

Pro

Arg

Leu

100

Leu

Ser

Thr

Pro

Thr

180

Asp

Ser

Lys

Glu

Aop

260

Asp

Gly

Asn

Trp

Pro

340

Glu

Asn

Ile

Thr

Trp
s

Thr
Ile
Cye
Leu
Lye
8s

Thr
His
Ala
Ser
165
Gln
Gly
Gly
Gly
Leu
245
Thr
Val
Val
Ser
Leu
328
Ala
Pro
Gln

Ala

Thr

Asp

cly

Arg

Asp

Gly

Cys

His

Gly

Arg

150

Ser

Ser

Val

Leu

Pro

230

Leu

Leu

Ser

Glu

Thr

310

Asn

Pro

Gln

Val

Val

390

Pro

Thr Gly
Ser Ser
Glu Ile

40

Val Thr
S5

Thr Leu

Phe Ile

Glu Ala
Arg Gln
120

Ile Glu
135

Thr Glu

Lys His

Gly Ser

Thr Arg
200

Met Thr
215

Gly Asp

Gly Gly

Met Ile

His Glu
280

Val His
295

Tyr Arg

Gly Lys

Ile Glu

Val Tyr

360

Ser Leu
375

Glu Trp

Pro Val

Val

Ser

25

Ile

Ser

Ile

Ile

Thr

105

Thr

Leu

Leu

Gln

Glu

185

Ser

Lys

Lys

Pro

Ser

265

Rep

Aon

Val

Glu

Lys

345

Thr

Thr

Glu

Leu

Leu

10

Gly

His

Pro

Pro

Ser

920

Val

Asn

Ser

Asn

His

170

Met

Asp

Lys

Thr

Ser

250

Arg

Pro

Ala

Val

Tyr
330
Thr
Leu
Cys

Ser

Agp

Leu

Gly

Asn

Asp

75

Asn

Asn

Thr

Val

Val

155

Lys

Lys

Gln

Asn

His

235

Val

Thr

Glu

Lyo

Ser

315

Lys

Ile

Pro

Leu

Asn

385

Ser

Arg

Thr

Ile

60

Gly

Ala

Gly

Ile

Gly

140

Gly

Lys

Lys

Gly

Ser

220

Phe

Pro

Val

Thr

300

Val

Ser
Pro
Val
380

Gly

Asp

Ala

Pro

Glu

45

Thr

Lys

Thr

His

Ile

125

Glu

Ile

Leu

Phe

Leu

205

Thr

cys

Leu

Glu

Lys

285

Lys

Leu

Lys

Lys

Ser

365

Lys

Gln

Gly

Leu

Phe

30

Gly

Val

Arg

Tyr

Leu

110

Asp

Lys

Asp

Val

Leu

1%0

Tyr

Fhe

Pro

Phe

Val

270

Fhe

Preo

Thr

Val

Ala

350

Arg

Gly

Pro

Ser

Leu

15

Val

Arg

Thr

Ile

Lys

95

Tyr

Val

Leu

Phe

Aen

17%

Ser

Thr

Val

Pro

Pro

255

Thr

Asn

Arg

Val

Ser

331s

Lyse

Asp

Phe

Glu

Phe

Ser

Glu

Glu

Leu

Ile

80

Glu

Lys

Val

Val

Asn

160

Arg

Thr

Cys

Arg

cys

240

Pro

Cys

Trp

Glu

Leu

3zo

Asn

Gly

Glu

YT

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 Rsn
420 425 430
Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Rsn His Tyr Thr
435 440 445
Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
450 455
<210> SEQ ID WO 13
<211> LENGTH: 1444
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (69)...(1433)
<400> SEQUENCE: 13

aagcttggge tgcaggtoga togactctag aggatogatc cocgggogag ctogaattcg

caaccacc atg gtc agc tac tgg gac ace ggg gtc ctg c¢tg tge geg ctg
Leu Leu Cys Ala Leu

10

cte
Leu
15

gta
Val

agg
Arg

act
Thr

ata
Ile

aaa
Lys
95

cat

atc
Ile

ctg
Leu

444
Phe

ceo
Pro
178

acc

Thr

gee
Ala

agc
Ser

gag
Glu

gag
Glu

tta
Leu

atc
Ile

gaa
Glu

aag

Lys

cag
Gln

gtec
Val

gac
Asp
160

gag
Glu

ate
Ile

aac
Asn

Met Val Ser Tyr T

1

tgt
Cye

atg
Met

cte
Leu

aaa
Lys
65

tgg
Trp

ata
Ile

aca
Thr

ctg
Lau

cte
Leu
145

tgg
Trp

cga
Arg

cac
His

aac
Asn

ctg ctt cte

Leu

tac

Tyr

gte
Val
50

aag
Lys

gac
Asp

999
Gly

aac
Asn

ttg
Leu
130

aac
Asn

gac
Asp

ege
Arg

aac
Asn

ggc
Gly
210

Leu

agt
Ser
35

ate
Ile

tee
Phe

agt
Ser

ot
Leu

tat

Tyr
115

ced
Pro

tgc
Cys

tac

Tyr

tee
Ser

gte
Val
195

ate
Ile

Leu
20

gaa
Glu

cce
Pro

cca
Prec

aga
Arg

ctyg
Leu
100

cte
Leu

agg
Arg

acc
Thr

cca
Pro

caa
Gln
180

agc

Ser

cag
Gln

aca
Thr

atc
Ile

tge
Cys

ottt
Leu

aag
Lys
85

acc
Thr

aca
Thr

aag
Lys

gtg
Val

999
Gly
165

cag
Gln

cag
Gln

cga
Arg

gga tct
Gly Ser

cco gaa
Pre Glu

©gg gtt
Arg Val
55

gac act
Asp Thr
70

ggc tte
Gly Phe

tgt gaa
Cys Glu

cat cga
His Arg

tecg otg
Ser Leu
135

tgg gct

Trp Ala
150

aag cag
Lys Gln

acc cac
Thr His

cac gac
His Asp

ttt cgg
Phe Arg
215

rp Asp Thr Gly Val
5

agt
Ser

att
Ile
40

aeg
Thr

ttyg
Leu

atc
Ile

gca
Ala

caa
Gln
120

gag
Glu

gag
Glu

gca
Ala

aca
Thr

ctg
Leu
200

gag
Glu

tece gga
Ser Gly
25

ata cac
Ile His

tca cct
Ser Pro

ate cct
Ile Pro

ata tca
Ile Ser
90

aca gtc
Thr Val
105

acc aat

ctg ctyg
Leu Leu

Lttt aac
Phe Asn

gag cgg
Glu Arg
170

gaa cte
Glu Leu
185

gge teg
Gly Ser

agec acc
Ser Thr

ggt
Gly

atg
Met

aac
Asn

gat
Asp
75

aat
Asn

aat
Asn

aca
Thr

gta
Val

tca
Ser
155

ggt
Gly

tee
Ser

tat
Tyr

gag
Glu

aga
Arg

act
Thr

atc
Ile

gga
Gly

gca
Ala

Gly

atc
Ile

999
Gly
140

g3t
Gly

aag
Lys

age
Ser

gtg
Val

gtc
Val
220

oot
Pro

gaa
Glu
45

act
Thr

aaa
Lys

acg
Thr

cat
Hig

ata
Ile
125
gag
Glu

gte
Val

tgg

atc
Ile
tge
205

att
Ile

tte
Phe
30

gga
Gly

gte
Val

cge
Arg

tac

Tyr

ttg
Leu
110

gat
Asp

aag
Lys

ace
Thr

gtg
Val

ctg
Leu
190

aag

Lys

grg
Val

60

110

158

206

254

302

350

398

446

494

542

580

638

€86

734

Pg. 147
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US 7,374,758 B2

-continued

80

cat gaa aat ggc ccg ggc gac aaa
His Glu Asn Gly Pro Gly Asp Lys
225 230

gca cct gaa cte ctg ggg gga ccg
Ala Pro Glu Leu Leu Gly Gly Pre
240 245

cec aag gac acc ctc atg ate tce
Pro Lys Asp Thr Leu Met Ile Ser
255 260

gtg gtg gac gtg agc cac gaa gac
Val Val Asp Val Ser His Glu Asp
275

gtg gac ggc gtg gag gtg cat aat
Val Asp Gly Val Glu Val Hie Asn
290

cag tac aac agc acg tac cgt gtg
Gln Tyr Asn Ser Thr Tyr Arg Val
305 310

cag gac tgg ctg aat ggc aag gag
Gln Asp Trp Leu Asn Gly Lya Glu
320 325

goc cte ¢ca goc coc atc gag aaa
Ala Leu Pro Ala Pro Ile Glu Lys
335 340

€cc cga gaa cca cag gtg tac acc
Pre Arg Glu Pro Gln Val Tyr Thr
3ass

acc aag aac cag gtc age ctg ace
Thr Lys Asn Gln Val Ser Leu Thr
370

agc gac atc goec gtg gag tgg gag
Ser Asp Ile Ala Val Glu Trp Glu
38s 390

tac aag acc acg cct ccc gtg ctg
Tyr Lys Thr Thr Pro Pro Val Leu
400 405

tat agc aag ctc acc gtg gac aag
Tyr Ser Lys Leu Thr Val Asgp Lys
415 420

tte tca tgce tec gtg atg cat gag
Phe Ser Cys Ser Val Met His Glu
435

aag age ctc toce ctg tet cog g9t
Lys Ser Leu Ser Leu Ser Pro Gly
450

<210> SEQ ID NO 14

<21l> LENGTH: 455

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

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
3s 40

Leu Val Ile Pro Cys Arg Val Thr

act
Thr

tca
Ser

cgg
Arg

cct
Pro

gec
Ala
285
gtc
Val

tac
Tyr

acc
Thr

ctg
Leu

tge
Cys
375

agc

Ser

gac
Asp

agc
Ser

gt
Ala

aaa
Lys
4585

Val

Ser

Ile

Ser

cac
His

gtec
Val

ace
Thr

gag
Glu
280

aag
Lys

age
Ser

aag
Lys

ate
Ile

cce
Pro
360

ctg
Leu

aat
Asn

teo
Ser

agg
Arg

ctg
Leu
440

aca
Thr

crc
Phe

cect
Pro
265

gtc
Val

aca
Thr

gte
Val

tge
Cys

tece
Ser
345

cca
Pro

gtc
Val

999
Gly

gac
Asp

tgg
Trp
425

cac
His

tge
Cys

cte
250
gag

Glu

aag
Lys

aag
Lys

cte
Leu

aag
Lys
330

aaa
Lys

tee
Ser

aaa
Lys

cag
Gln

agc
Gly
410

cag
Gln

aac
Asn

cca
Pro
238

ttc

Phe

gtc
Val

tte
Phe

ceg
Pro

acc
Thr
31s
gte
Val

gce
Ala

g9
Arg

ggc
Gly
ccg
395
tec

Ser

cag
Gln

cac
His

tgagcggecd ©

Leu Leu Cys Ala

10

Gly Gly Arg Pro

His Met Thr Glu

45

Pro Asn Ile Thr

cecg
Pro

cce
Bro

aca
Thr

aac
Asn

g9
Arg
300

gte
Val

tce
Ser

aaa
Lys

gat
Asp

ttc
Phe
380

gag
Glu

tte
Phe

999
Gly

tac
Tyr

Leu

Phe

Gly

Val

tge

Cys

cca
Pre

tge
Cys
tgg
285
gag
Glu

ctg
Leu

aac
Rsn

999
Gly

gag
Glu

365

tat

aac
Asn

tte
Phe

aac
Bsn

acyg
Thr
445

Leu
15
Val

Arg

Thr

cca
Pro

aaa
Lys

gtg
Val
270
tac

Tyr

gag
Glu

cac
His

aaa
Lys

cag
Gln
50

ctyg
Leu

cee
Pre

aac
Asn

cte
Leu

gte
Val
430

cag
Gln

Ser

Glu

Glu

Leu

782

830

878

926

974

1022

1070

1118

1166

1214

1262

1310

1358

1406

1444
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US 7,374,758 B2
81 82

-continued

50 55 60

Lys Lys Phe Pro Leu Asp Thr Leu Ile Pro Asp Gly Lys Arg Ile Ile
65 70 75 80

Trp Asp Ser Arg Lys Gly Phe Ile Ile Ser Asn Ala Thr Tyr Lys Glu
a5 90 95

I1le Gly Leu Leu Thr Cys Glu Ala Thr Val Asn Gly His Leu Tyr Lys
100 105 110

Thr Asn Tyr Leu Thr His Arg Gln Thr Asn Thr Ile Ile RAsp Ile Gln
115 120 125

Leu Leu Pro Arg Lys Ser Leu Glu Leu Leu Val Gly Glu Lys Leu Val
130 135 140

Leu Asn Cys Thr Val Trp Ala Glu Phe Asn Ser Gly Val Thr Phe Rop
145 150 155 160

Trp Asp Tyr Pro Gly Lys Gln Ala Glu Arg Gly Lys Trp Val Pro Glu
165 170 175

Arg Arg Ser Gln Gln Thr His Thr Glu Leu Ser Ser Ile Leu Thr Ile
180 185 190

His Aen Val Ser Gln His Asp Leu Gly Ser Tyr Val Cys Lys Ala Rsn
195 200 208

Asn Gly Ile Gln Arg Phe Arg Glu Ser Thr Glu Val Ile Val Hies Glu
210 215 220

Asn Gly Pro Gly Asp Lys Thr His Thr Cys Pro Pro Cys Pre Ala Pro
225 230 235 240

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
245 250 255

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
260 265 270

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
275 280 285

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr
290 295 300

Aen Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
305 310 315 320

Trp Leu Asn Qly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
328 330 335

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
340 345 350

Glu Pro Gln Val Tyr Thr Leu Pro Preo Ser Arg Asp Glu Leu Thr Lys
385 360 365

Aen Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
370 375 380

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
385 390 395 400

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
405 410 415

Lyo Leu Thr Val App Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser
420 425 430

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
435 440 445

Leu Ser Leu Ser Pro Gly Lys
450 455

<210> SEQ ID NO 15
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US 7,374,758 B2

-continued

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

<400>

LENGTH: 1377

TYPE: DNA

ORGANISM: Homo papiens
FEATURE:

NAME/KEY: CDS
LOCATION: (1)...(1374}

SEQUENCE: 15

atg gtc agc tac tgg gac acc
Met Val Ser Tyr Trp Asp Thr
1

-1

tgt ctg ctt Ctc aca gga tet
Cys Leu Leu Leu Thr Gly Ser

20

ttc gta gag atg tac agt gaa
Phe Val Glu Met Tyr Ser Glu

35

gga agg gag ctc gtc att cec
Gly Arg Glu Leu Val Ile Pro

50 55

gtt act tta aaa aag ttt cca
Val Thr Leu Lyg Lys Phe Pro

65

70

©ge ata atc tgg gac agt aga
Arg Ile Ile Trp Asp Ser Arg

a5

tac aaa gaa ata ggg ctt ctg
Tyr Lye Glu Ile Gly Leu Leu

100

l’.l’.g tatc d4ag aca aac tat ctc
Leu Tyr Lys Thr Asn Tyr Leu

115

gat gtg gtt ctg agt ccg tect
Asp Val Val Leu Ser Pro Ser
130 1315

aag ctt gtce tta aat tgt aca
Lys Leu Val Leu Aen Cys Thr

145

150

gac ttc aac tgg gaa tac cct
Asp Phe Asn Trp Glu Tyr Pro

165

gta aac cga gac cta aaa acc
Val Asn Rrg Rsp Leu Lys Thr

180

ttg agc acc tta act ata gat
Leu Ser Thr Leu Thr Ile Asp

195

tac acc tgt gca gca tec agt
Tyr Thr Cys Ala Ala Ser Ser
210 215

Lttt gtc agg gtc cat gaa aag
Phe Val Arg Val His Glu Lys

225

230

cca gca cct gaa ctc ctg ggg
Pre Ala Pro Glu Leu Leu Gly

245

aaa ccc¢ aag gac acc ctc atg
Lys Pro Lyes Agp Thr Leu Met

260

gtg gtg gtg gac gtg agc cac
Val Val Val ARsp Val Ser His

999
Gly

agt
Ser

ate
Ile
40

tgc
Cys

cte
Leu

aag
Lys

acc
Thr

aca
Thr
120

cat
His

geca
Ala

tct
Ser

cag
Gln

ggt
Gly
200

999
Gly

gac
Asp

gga
Gly

atec
Ile

gaa
Glu

gte
Val

tce
Ser
25

cee
Pro

<99
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

tece
Ser
265

gac
Asp

ctg
10

g9a
Gly

gaa
Glu

gtec
Val

act
Thr

tte
Phe
90

gaa
Glu

<ga

att
Ile

act
Thr

aag
Lys
170

999
Gly

ace
Thr

atg
Met

act
Thr

tca
Ser
250

cgg
Arg

cct
Pro

ctg
Leu

agt
Ser

att
Ile

acg
Thr
ttg

75
atc

Ile

gca
Ala

caa
Gln

gaa
Glu

gaa
Glu
155

cat
His

agt
Ser

Arg

acc
Thr

cac
His
235

gtc
Val

acc

gag
Glu

tge
Cys

gat
hep

ata
Ile

tca
Ser
60

atec
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

tea
Ser

gte
Val

aat
Asn
125

tct
Ser

aat
Asn

cat
His

atg
Met
gac
205
aag

Lys

tge
cys

cte
Leu

gag
Glu

aag
Lys

ctg
Leu

gyt
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

cca
Pro

tte
Phe

gte
Val
270

tte
Phe

cte
Leu
15

aga

act
Thr

atc
Ile

gga
Gly

geoa
Ala
a5

939
Gly

ate
Ile

93a
Gly

939
Gly

aaa
Lys
175

aaa
Lys

gga
Gly

agc
Ser

ceg
Pro

cec
Pro
255

aca

Thr

aac
Asn

agc
Ser

cot
Pro

gaa
Glu

act
Thr

aaa
Lys
80

acg
Thr

cat
Hise

ata
Ile

gaa
Glu

att
Ile
160

ctt
Leu

tte
Phe

ttg
Leu

aca
Thr

tgc
Cys
240

cca
Pro

tgc

cye

tgg
Trp

48

96

144

192

240

288

33e

384

432

480

528

576

624

720

816

864

Pg. 150
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US 7,374,758 B2

-continued

86

tac gtg
Tyr Val
290

gag cag
Glu Gln
305

cac cag
His Gln

aaa gcc
Lys Ala

cag ccc
Gln Pre

ctg acc
Leu Thr
370

cee age
Pro Ser
385

aac tac
Asn Tyr

ctec tac
Leu Tyr

gtc ttc
Val Phe

cag aag
Glin Lys
450

275
gac
hsp

tac
Tyr

gac
Rsp

cte
Leu

cga
355
aag

Lyo

gac
hsp

aag
Lys

age
Ser

tca
Ser
435

age
Ser

gg¢
Gly

aac
Asn

tgg
Trp

cca
Pro
340
gaa
Glu

aac
Aon

atec
Ile

acc
Thr
aag
420
tgc

Cys

cte
Leu

gtg
Val

agc
Ser

ctg
Leu
32s

gee
Ala

cca
Pro

cag
Gln

gece
Ala

acg
Thr
405

cte

Leu

tee
Ser

tece
Ser

<210> SEQ ID NO 1lé
<211> LENGTH: 458
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE:

Met Val
1

Cyo Leu

Phe Val

Gly Arg
50

Val Thr
65

Arg Ile
Tyr Lys

Leu Tyr

Agp Val

Ser

Leu

Glu

35

Glu

Leu

Iie

Glu

Lys

115

Val

Tyr

Leu

20

Met

Leu

Lys

Trp

Ile

100

Thr

Leu

16

Trp

5

Thr

Tyx

Val

Lys

85

Gly

Asn

Ser

gag
Glu

acg
Thr
310

aat
Aen

cce
Pro

cag
Gln

gte
Val

gtg
Val
350

cct

Pro

ace
Thr

gtg
val

ctg
Leu

Asp

aly

Ser

Ile

Phe

70

Ser

Leu

Pro

gtg
val
295

tac

ggc
Gly

atc
Ile

gtg
Val

agc
Ser
375

gag
Glu

cce
Pro

gty
Val

atg
Met

tect
Ser
455

Thr

Ser

Glu

Pro

55

Pro

Arg

Leu

Ser

280
cat

His

cgt
Arg

aag
Lys

gag
Glu

tac
Tyr
360
ctyg
Leu

tgg
Trp

gtg
Val

gac

cat
His
440

ceg
Pro

Gly

Ser

Ile
40

Cys

Leu

Lys

Thr

Thr

120

His

aat
Asn

gtg
Val

gag
Glu

aaa
Lys
345

acc
Thr

acc
Thr

gag
Glu

ctg
Leu

aag
Lyse
425

gag
Glu

ggt
Gly

Val
Ser
25

Pro
Arg
Asp
Gly
Cys
105

His

Gly

gce
Ala

gte
Val

tac
Tyr
330

acc
Thr

ctyg
Leu

tge
Cye

age
Ser

gac
Asp
410

agc

Ser

gct
Rla

aaa
Lys

Leu

10

Gly

Glu

Val

Thr

Phe

S0

Glu

Arg

Ile

aag
Lys

agc
Ser
315

aag

Lys

atc
Ile

occ

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

gtc
Val

tge
Cye

tee
Ser

cca
Pro

gte
Val
380

a99
Gly

gac
Rsp

tgg
Trp

cac
His

Cys

Asp

Ile

Ser

60

Ile

Ile

Thr

Leu

285
aag

Lys

cte
Leu

aag
Lys

aaa
Lys

tee
Ser
365

aaa

Lye

cag
Gln

ggc
Gly

cag
Gln

aac
Asn
445

Ala

Thr

His

45

Pro

Ser

Val

Asn

125

Ser

ccg
Pro

acc
Thr

gte
Val

gcc
350

99
Arg

ggc
Gly

ceg
Pro

tee
Ser

cag
Gln
430

cac
His

Leu
Gly
30

Met
Asn
Agp
Asn
Asn
110

Thr

Val

cgg
Arg

gte
Val

tce
Ser
335
aaa
Lys

gat
ASP

tte
Phe

gag
Glu

tte
Phe
415

999
cly

tac

Tyr

Leu
15

Arg
Thr
Ile
Gly
Ala
a5

Gly

Ile

Gly

gag
Glu

ctg
Leu
320

aac
Asn

999
Gly

gag
Glu

tat
Tyr

aac
Ren
400

tte
Fhe

aac
Asn

acg
Thr

Ser

Bro

Glu

Thr

Lys

80

Thr

His

Ile

Glu

912

1008

1056

1104

1152

1200

1248

1296

1344

1377
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-continued

130 135 140

Lys Leu Val Leu Asn Cys Thr Ala Arg Thr Glu Leu Asn Val Gly Ile
145 150 155 160

Asp Phe Asn Trp Glu Tyr Pro Ser Ser Lys His Gln His Lys Lys Leu
165 170 175

Val Asn Axrg Asp Leu Lys Thr Gln Ser Gly Ser Glu Met Lys Lys Phe
180 185 190

Leu Ser Thr Leu Thr Ile Asp Gly Val Thr Arg Ser Asp Gln Gly Leu
195 200 205

Tyr Thr Cys Ala Ala Ser Ser Gly Leu Met Thr Lys Lys Asn Ser Thr
210 215 220

Phe Val Arg Val His Glu Lys Asp Lys Thr His Thr Cys Pro Pro Cyo
225 230 235 240

Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Fro Pro
245 250 255

Lys Pro Lyo Rop Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys
260 2585 270

Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp
275 280 285

Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
290 295 300

Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu
305 310 315 320

Hig Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Rsn
325 330 335

Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly
340 345 350

Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu
35S 360 365

Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr
370 375 380

Prc Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn
38s 390 395 400

Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe
405 410 415

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Ren
420 425 430

Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ren His Tyr Thr
435 440 445

Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
450 455

<210> SEQ ID NO 17

<211> LENGTH: 430

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17

Gly Arg Pro Phe Val Glu Met Tyr Ser Glu Ile Pro Glu Ile Ile His
1 S 10 15

Met Thr Glu Gly Arg Glu Leu Val Ile Pro Cys Arg Val Thr Ser Pro
20 25 30

Asn Ile Thr Val Thr Leu Lys Lys Phe Pro Leu Asp Thr Leu Ile Pro
35 40 45
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-continued

Asp Gly Lys Arg Ile Ile Trp Asp Ser Arg Lys Gly Fhe Ile Ile Ser
50 S5 60

Asn Ala Thr Tyr Lys Glu Ile Gly Leu Leu Thr Cys Glu Ala Thr Val
65 70 5 80

Asn Gly His Leu Tyr Lyo Thr Asn Tyr Leu Thr His Arg Gln Thr Asn
1 90 95

Thr Ile Ile Agp Val Val Leu Ser Pro Ser His Gly Ile Glu Leu Ser
100 105 110

Val Gly Glu Lys Leu Val Leu Aen Cys Thr Ala Arg Thr Glu Leu Asn
115 120 125

Val Gly Ile Asp Phe Asn Trp Glu Tyr Pro Ser Ser Lys His Gln His
130 135 140

Lye Lys Leu Val Asn Arg Asp Leu Lys Thr Gln Ser Gly Ser Glu Met
145 150 155 160

Lys Lys Phe Leu Ser Thr Leu Thr Ile Asp Gly Val Thr Arg Ser Asp
165 170 175

Gln Gly Leu Tyr Thr Cys Ala Ala Ser Ser Gly Leu Met Thr Lys Lys
180 185 190

Asn Ser Thr Phe Val Arg Val His Glu Lys Gly Pro Gly Asp Lys Thr
195 200 205

Hie Thr Cys Pro Pro Cys Pro Rla Pro Glu Leu Leu Gly Gly Pro Ser
210 215 220

Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg
225 230 235 240

Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro
245 250 255

Glu Val Lys Phe Asn Trp Tyr Val Rep Gly Val Glu Val His Asn Ala
260 265 270

Lys Thr Lys Pro Rrg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val
275 280 285

Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr
290 295 300

Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr
305 310 31s 320

Ile Ser Lyo Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu
325 330 335

Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys
340 345 350

Leu Val Lys Gly Phe Tyr Pro Ser Rop Ile Ala Val Glu Trp Glu Ser
355 360 365

Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp
370 375 3so

Ser Asp Gly Ser Fhe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser
385 190 395 400

Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala
405 410 415

Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Pro Gly Lys
420 425 430

<210> SEQ ID NO 18

<211> LENGTH: 36

<212> TYPE: DNA

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

<223> OTHER INFORMATION: primer
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-continued
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<400> SEQUENCE: 18

gactagcagt ccggaggtag acctttogta gagatg

<210> SEQ ID NO 19

<211> LENGTH: 33

<212> TYPE: DNA

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

<223> OTHER INPORMATION: 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 s

<210> SEQ ID WO 21

<211> LENGTH: 35

<212> TYPE: DNA

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

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 22

gataatgccc gggoocctttt catggaccct gacaaatg

<210> SEQ ID NO 23

<211> LENGTH: &

<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 acctttegta gagatg
<210> SEQ ID NO 25

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

36

33

35

38

36
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-continued

«213>
<220>
<223>

<400>

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: primer

SEQUENCE: 25

ttectgggca acagectggat atctatgatt gtattggt

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

<4 00>

SEQ ID NO 26

LENGTH: 4

TYPE: PRT

ORGANISM: Homo sapiens

SEQUENCE: 26

Ile Gln Leu Leu

1

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

<400>

SEQ ID NO 27

LENGTH: 39

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 27

atccagctgt tgocccaggaa gtcocgotggag ctgctggta

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

<4 00>

SEQ ID NO 28

LENGTH: 3%

TYPE: DNA

ORGANISM: Axtificial Seguence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 28

attttcatge acaatgacct cggtgctcte cogaaatcg

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

<400>

SEQ ID NHO 29

LENGTH: 38

TYPE: DNA

ORGANISM: Artificial Seguence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 28

tcatagatat ccagcotgrttg cocaggaagt cgotggag

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

<4 00>

SEQ ID NO 30

LENGTH: 39

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 30

gataatgccc gggocatttt catgcacaat gacctcegge

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

<4 00>

SEQ ID NO 31

LENGTH: 6

TYPE: PRT

ORGRNISM: Homo sapiens

SEQUENCE: 31

Val Ile Val His Glu Asn

1

s

3e

39

35

38

39
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-continued

<210> SEQ ID NO 32

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: modified Fltl receptor

<400> SEQUENCE: 32

Lys Asn Lys Arg Ala Ser Val Arg Arg Arg
1 5 10

<210> SEQ ID NO 33

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: modified F1ltl receptor

<4 00> SEQUENCE: 33

Asn Ala Ser Val Asn Gly Ser Arg
1 5

<210> SEQ ID NO 34

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Segquence

<220> FEATURE:

<223> OTHER INFORMATION: modified Fltl receptor

<400> SEQUENCE: 34

Lys Asn Lys Cys Rla Ser Val Arg Arg Arg
1 5 10

<210> SEQ ID NO 35

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 35

Ser Lys Leu Lye
1

<210> SEQ ID NO 36

<211> LENGTH: &

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 36

Lys Ren Lys Arg Ala Ser Val Arg Arg
1 5

<210> SEQ ID NO 37

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 137
Thr Ile Ile Asp

1

<210> SEQ ID HO 38

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
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-continued
<400> SEQUENCE: 38
Val Val Leu Ser
1
We claim: 10 3. A method of inhibiting tumor growth in a mammal,

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 Fli4; and

(ii) a multimerizing component,

wherein VEGF activity is inhibited.

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

human,

15

20

25

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 Flt1 and Ig domain 3 of a second VEGF
receptor human Flk1 or human Fli4; and

(ii) a multimerizing component,

wherein tumor growth is inhibited.

* ¥ * ¥ #
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VEGF-Trap: A VEGF blocker with potent

antitumor effects
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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 2 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 vive 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 monoclenal 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 (VEGFRI1) and VEGF
receptor 2 (VEGFR2). VEGFRI 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
VEGF 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 VEGFR1 to the constant region (Fc portion) of
human IgG1, 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 VEGFRI1-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 VEGFR]1 to the constant
region (Fc) of human 1gGl. VEGF-Trapap; was created by
removing a highly basic 10-aa stretch from the third Ig domain
of the parental VEGF-Trap. VEGF-Trap,s; was created by
removing the entire first Ig domain from VEGF-Trapasi-
VEGF-Trapg r; 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.
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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
VEGFss 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. DVEQQ) 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 VEGFigs, 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% isoflurane in oxygen,
and the left femoral artery catheterized for direct measurement of
systolic blood pressure through a blood pressure transducer (IITC,
Woodland Hills, CA) into a chart recorder (Linseis, Princeton
Junction, NJ). Animals were then injected in the right jugular vein
with a 200-x! bolus containing 10 ug of recombinant human
VEGFes. 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 106 cells/mouse)
and A673 rhabdomyosarcoma cells (2.0 X 10° 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 |g 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 193, blue box)
fused to the Fc portion of human IgG1. VEGF-Trap,g, is identical to the
parental VEGF-Trap, except that the basic stretch in Ig3 has been removed.
VEGF-Trapsgz is the same construct as AB1, except that the first Ig domain has
been removed. VEGF-Trapgirz 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-Trapam
demonstrating binding. (C) 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
tostudy 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.

Pg. 165



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 ug 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
in its 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.
1A4). To reduce the charge, this region was excised, resulting in
a decrease in the pl of this VEGF-Trap (termed VEGF-Trapag:;
see Fig. 1.4) from 9.4 to 9.1. It was also noted that the first Ig
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
VEGFRI1, 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 plI 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-Trapgrirz 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.5.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-Traprir; and VEGF-Trapag:
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-
Trapag: had a Cpay 0f 1.3 pg/ml and an AUC of 1.36 ug X days/ml;
VEGF-Trapag: had a Cina, 0f 2.65 pg/ml and an AUC of 5.42 pg X
days/ml; whereas VEGF-Trapgrir; revealed the best profile with a
Cunux 0f 16 pg/ml and an AUC of 36.28 ug X days/ml (Fig. 1C).
Thus, VEGF-Trapgir: 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-Trappis2 in Binding,
Phosphorylation, and Cell Proliferation Assays in Vitro. Because of the
superior pharmacokinetic properties of VEGF-Traprirz, we 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 VEGFes,
and the amount of unbound VEGF s was measured, revealing that
parental VEGF-Trap displays a kD of =35 pM, whereas VEGF-
Trapg;rz 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
VEGF16s with varying concentrations of VEGF-Traps {abscissa). (B) 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-Trapg;rz has a kD of =1-10 pM for
VEGF:2; 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-Trapgr;rz 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
VEGFR2 receptor that mediates a very strong proliferative re-
sponse to VEGF and found that both parental VEGF-Trap and
VEGF-Traprirz potently blocked VEGF-induced proliferation in
3-day growth assays in these cells, with an 1Csp 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-Traprssz Provides Long-Term Blockade of Exogenously Admin-
istered VEGF-Induced Acute Hypotension. The above studies indi-
cated that VEGF-Traprirz 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 ug) 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. (4) When ratswere treated with VEGF-Traps at
25 mg/kg at 1 day before VEGF challenge, VEGF-Trapgirz (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. () At a 5-fold
lower dose (5 mg/kg), VEGF-Traprirz 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-Trapgrir:
completely blocked VEGF-induced hypotension, whereas the
parental VEGF-Trap had no discernable effect. Thus, although
the parental VEGF-Trap and its VEGF-Trapgrz derivative are
quite comparable in vitro (see above), the VEGF-Trapgrirz
performs much better in vivo, presumably because of its dra-
matically enhanced pharmacokinetic profile.

To further characterize the length of time in which VEGF-
Traprirz 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-Traprirz 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-Trapgz2 Dramatically Blocks Tumor Growth in Vivo, Altogether,
the above pharmacokinetic and pharmacodynamic studies indi-
cated that VEGF-Traprirz 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-Trapgrrz 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-Trapgriraz (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-Trapmirz dramatically inhibits the s.c. growth and vascularity of
implanted tumors from diverse tissues and species. (A4) VEGF-Trap pipz 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
{AG673). Error bars represent standard error of mean, n = five mice/treatment
group. The differences between control tumor volumes and VEGF-Trapairz—
treated tumor volumes were analyzed by using Student’s t tests and found to
be significant at the following levels: B1I6F10 P = 0.01; A673 P = 0.06; C6 P <
0.0001. (B-D) Histological analysis reveals that VEGF-Trapmz can effectively
block blood vesse! growth in these implanted tumors. Sections of €6 tumars
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-Trapgir2 greatly stunted tumor growth (C) and
resulted in large necrotic regions (N), although small pockets of vessels were
occasionally apparent (black arrows). (Bar = 100 um.}

animals were Killed and tumors excised and measured. VEGF-
Trapg gz 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-Trapgrirz, 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-Trapminz blocks tumor growth (of subcutaneously implanted
B16F10.9 cells) at far lower concentrations than DC101, a monoclonal antibody
directed to VEGFR2. Mice were treated twice weekly with the indicated dose of
VEGF-Trapairz, DC101, or vehicle. After 1.5 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 groupswere 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-Trapainz Compares Favorably with Antibodies Targeting VEGFR2.
After establishing that VEGF-Trapgr;r: 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 Fe fusion proteins have much shorter circulating half-
lives than antibodies in mice, but comparable half-lives in
humans, the finding that the VEGF-Trapgrir2 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-Traprir2. 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-Trapgir2 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-Trapgir2 one of the most, if not
the most, potent and efficacious VEGF blocker available. An
additional advantage is that VEGF-Traprir: 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;rz 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-
Trapg;rz and found that, whereas adenoviral delivery of paren-
tal VEGF-Trap reproduces the previously reported toxicities
(11), adenoviral delivery of VEGF-Trapgirz 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 adenaoviral administration
of the engineered VEGF-Trapgriraz.

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.5.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.
Ourdescription 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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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 n

777 old Saw Mill River Road L RECEIVED JUN 1- 205
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 arc responsible for compliance with applicable portions of the Public Health Service Act.
the Federal Food, Drug, and Cosmetic Act, and the Code of 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 "¢laim 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.

Bxoept as provided in 55033 and
$0.24, no investigator may involve a
human being as a subject in research
ocovered by these regulations unless the
Investigator has obtained the legally
effeotive informed consent of the sub-
Jeot or the subject's legally authorized
representative. An {nvestigator shall
seek such oconsent only under oir-
oumstances that provide the prospeo-
tive subject or the representative suffi-
olent opportunity to consider whether
or not to participate and that minimive
the posaibility of coercion or undue in-
fluence. The information that is given
to the subject or the representative
ghall be in language understandable to
the subject or the representative. No
informed consent, whether oral or writ-

ten, may include any exoculpatory lan- -

guage through which the subject or the
representative 1s made to wafve or ap-
pear to waive any of the subjeot’s legal
rights, or releases or appears to release
the investigator, the sponsor, the insti-
f$ution, or its agents from liability for
hegligence.

{46 FR 8851, Jan. 27, 1981, as amended at 64
FR 10042, Mar. 8, 1899)]

$60.25 Elements of informed consent.

(a) Basic elements of informed consent.
In seeking informed -consent, the fol-
*owing. information shall be provided to

hoh subject: :

(1) A statement that the study in-
volves research, an explanation of the
purposes of the research and the ex-
pected duration of the subject's particl-
pation, a description of the procedures
to be followed, and identification of

any procgdurea which are experi- -

mental. _

(2) A description 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 treat-
ment, if any, that might be advan-
tageous to the subjeot. : o

(5) A statement describing the ex-
tent, if any, to which confidentiality of
records identifying the subject will be
maintained and that -notes the possi-
bllity that the Food and Drug Adminis-
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 ava{lable 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 con-
tact for answers to pertinent questions
about the research and research sub-
jecta’ righte, and whom to contact in

the event of a research-related injury .

to the subjeoct. .
(8) A statement that participation
voluntary, that refusal to participate
will lnvolve no penalty or loss of bene-
fits to which the subject is otherwise
entitled, and that the subjeoct may dis-
continue participation at any time
without penalty or loss of benefits to

- -which the subject is otherwise entitled.

(b) Additional elethents of informed con-
sent. When appropriate, one or more of
the following elements of information
shall also be provided to each subjeat:

(1) A statement that the particular
treatment or procedure may involve
risks to the subjeot (or to the embryo
or fetus, if the subject iz or may be-
come pregnaut) which are currently
unforeseeable. :

(3) Anticipated circumstances under
which the subject’s particlpation may
be terminated by the investigator
without regard to the subject's con-
sent. )

- (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. .
" (5) A statement that significant new
findings developed during the course of
the research which may relate to the
subject’s willingness to continue par-
tioipation will be provided to the sub-
fect. '

(8) The approximate number of sub-
jeots invdlved in the study. )

{¢) The Informed oonsent require-
ments in these regulations are not in-
tended to preempt any a,g_pl.loable Fed-
eral, State, or local laws which require
additional information. to be disclosged
for informed consent to be legally ef-
feotive. . .

(d) Nothing in these regulations is in-
tended to 1imit the authority of & phy-
sician to provide emergency medical
care to the extent the physiolan is per-
mitted to do so under applicable Fed-
eral, Btate, or local law. .
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 Information Sheet for a Claim of Categoricat
- 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 -
..compllance with federal, state arid local requirements for hazardous waste production.
As an alternative, identify any generally recognized; scientifically sourid control
- pracedures which have been implemented to reduce the. likellhood of inadvertent
. release of potentially toxic materials into the environment (e.g., compliance with the
" NIH Guidelinies 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 ars not applicable,
- a descnption 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 fist 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 rnay be reasonably ‘

. concluded that such release is non-toxic.

If the waste to be generated during tha production and proposed investigational use of
this product is either not controlled or is not reasonably expected to be hon-toxic in
the environment ta which it will be released, please submit an environmental
. assessment using the format described in 21 CFR 25.31. :

_If actions 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 addltronal product manufacturing is

intended will ordinarily have addressed these environmental issues by incorporating

. the manufacturer’s IND or MF by cross reference. However, if the use of the product
- during clinical investigation is expected to result in the uncontrolled release of toxic

materials into the environment then an environmental -assessment should be

. submitted. o o~

 3/30/e4
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. 310847

for marketing. In the absence of an ap-
proved zew drug application or abbre-
viated new drug application, such prod-
net {s also misbranded under section
502 of the act.:

(c) Clinfcal inveatigations deaigned
to obtain evidence that any drug prod-
et labaled, represented, or promoted
for OTC use for the treatment andior
preventton of nocturnal leg muscle
cramps s safe and effective for the purs

pose intended must comply with the re-

quirements and procedures governing

the use of Investigational new drugs’

set forth {n part 312.of this chapter.

(d) After February 23, 1895, any such.
OTC drug product initially introduced
or {nitlally delivered for introduction
into interstate commerce that Is not in

- compliance- with this aection Is subject
to regulatory action.

(59 PR 43252, Aug. 22, 1904}

§810547 Drug products containing
quinize. offered over-the-counter
(QTC) for the treatment and/or pre-
vention of malaria,

() Quinine and quinine salts have
been used OTC for the treatment and/or
prevention of malaria, a serious and
potentially life-threatening disease.
Quinine is no Jonger 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 {tsslf and soms po-
tentlally serious and life-threatening
riska agsociated with the use of quinine
at doses employed for the treatment of
malaria. There 1s a Jack of adequate
data to establish general recognition of
the safety of quinine drug products for
OTC use in the treatment andior pre-
wvention of malaria. Therefore, quinine
or quinine salts cannot be safely and
effectively used for the treatment and/

or prevention of malaria except under -

the care and supervision of a doctor.

(b} Any OTC drug product. conteining
quinine or quinine salts that {s labeled,
represanted, or promotad for the freat
ment andior prevention of malaria s
regarded as a mew drug within the
meaning of section 201(p) of the act, for
which an approved application or ab-
breviated application under section 505
of the act and part 314 of this chapter
{8 vequired for marketing. In the ab
gencs of &

'proved new drug applica-

21 CRR CHivl (=149 Edon)

tlon or abbreviated new drug applics
tion, such product is also mishrandsd
under saction 602 of the sot.

(¢) Clinfeal investigations designed
to obtain evidence that any drug prod:
uct labeled, vepresented, or promoted
for OTC use for the treatment andor

prevention of malaria {8 safe and effec:

tive for the purpose intended must
comply with the requirements and pro-
cédures governing the use of investigs.
tlonal new drugs set; forth in part 312 o
this chapter.
(d) After Aprdl 20, 1898, any such-0TC
.drog product initially introduced or
initially delivered for {ntroduction into
Interstate commerce that s not [n
compliance with this section {a subject

to regulatory action.
{60 PR L3528, Mar. 2, 1568)

PART 312-INVESTIGATIONAL NEW
DRUG APPLICATION

Subpart A~Genercl Provisions

Sec.

3121 Scope.

122 Applicabllity.

323 Definitions and lnterpretations.

3126 Labeilng of an inveatigational new
drug,

3T Promotion and charging for tnveatige
tional drugs,

3210 Walvers,

Subpart B=Investigational New Drug
Application (IND)

U220 Regoirement for an IND.

31221 Phages of an Invastigation.

3222 General principles of the IND submi-
slon. -

312,23 IND content and format.

31230 Protocol amendments.

31231 Information amendmenta.

31237 IND safety roports,

31433 Annual reports,

31234 Treatment usa of an inmtimloml
naw drug,

312,35 Submisslona for treatment use.

3123 Emergency use of an Invaatimiom]
new drug.

312.38 Withdrawal of an IND,

Subpart G~Adminisirative Actions

240 General raquirements for ua of an in-
* vestlgational new drug ln & clinical lo-
vestigation,
N340 Comment and advice on an IND,
81242 Clinioal holds and nquuu for mod)-
flcation,

n

. 115 Guldulim

Food and Drug AdnﬂnlstraﬁomHHS"

N4 'I‘emlmlun
3245 Inorlive stavaa,
0247 Mootings,

#1248 Dispute resolution.

Subpar D=Responsicilities of Spansors
and Investigators

250 General respansibilities of sponsors,

. 01350 Transfer of obileations to & contract

resedrch organization,
32,53 Belacting lovestigators end monitors.

3LHM Emergency research under §50.24 of -

this chapter.
31255 Informing fnvestigatora, _
3125 Review of ougoing investigations.

31257 Recordkeeping and record retentlon.

81338 Inapection of sponsor’s records and
reports.

31238 Disposition of unused supply of invese
tigational drug. '

31360 General responsibilities of inmtln-
tors.

31281 Control of the Investigational drug.

A& Investigator  recordkesping  and
record retention,

326 Investigator reports,

3268 Assurance of IRB review.

31268 Inspectlon of Investigator's records
and reports,

312689 Handling of controlled substanices,

20 Disqualification of & clinfcal investi-
gator,

Subport E=Drugs Intended to Treat Ufe-
thredtening ond Severely-debilitating
* linesses

W80 Purpoge,
N8 Scops,
N8 Early conaultation.

128 Treatment protacols.

%1294 Risk-bevafit analysis \in review of
marketing applications for drugs to trent
ife-threatening and severely-debllitating
1linesaes,

312,85 Phase 4 studies,

3286 Focused FDA regulatory research.

U287 Active monitoring of condiet and
evaluation of clinical trials.

3289 Saleguards for patient safety.

Subper F~Miscelangous

312110 Import and export requirsments,

112 Forelgn chindeal studies oy cone
ducted under an IND, -

HLI0 Avatlabllivy for public disclosure of
dammdintormmon inan IND,

02140 Address lorcurmmﬁem

Bpet
o Aot

MpMG—DmmturlmuﬁgaﬁMUmh )
Laboratory Research Anlmuis o -
‘Viro Tests :

312160 Drugs for {nvestigational use fn lab
oratory research animals or In vitto
bests.

AUTHORITY: 21 U.8.C. 321, 381, 351, 350, 353,
355, 97; 2 U.8.0. 062,

SOURCE: 52 FR 5831, Mar. 18, 1087, unless
otherwige noted.

Subpart A=General Provisions

§8121 Scope,

(a) This part contains procedures and
requirements governing the use of in-
vestigational new drugs, including pro-
cedures end requirements for the sub-
mission %o, and review by, the Food
and Drug Adminlstration of investiga-
tional new drog applications (IND's).
An investigational new drug for which

~an IND I8 in-effect in accordance with

this part s exempt from the premar
keting approval requirements that are
otherwlse applicable and may bs
shipped lawfully for the purpose of con.
ducting clinical investigations of that

drug.

(b) Reforences in this part to regula.-
tions fn the Code of Federal Regula-
tlons are to chapter I of title 21, unless
otherwise noted.

§3122 Applicability,
(a) Applicadility. Except a8 provided

" in this section, this part applies to all

clincal Investigations of products that
are subject to section 503 of the Federal
Food, Drug, and Cosmetic Act or to the
licensing provisions of the Public

‘Health Service Act (58 Stat. 632, as

amended (42 U.5.C. 201 ef seq.)).

(b) Ezemptions. (1) The clinical {nves-
tigation of a drug product that is law- -
fully marketed {n the United States is
exempt {rom the requirements of this
part if all the following apply:;

(1) The investigation is not intended
% be reported to FDA as 4 well-con- -
trolled study {n support of a new indi-
cation for use nor ntended to be used -
%0 support any other significant change
in the labeling for the drug; .

(1) If the drug that is undergoing io-

" vestlgation ls Jawfully m sted a3 a .
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preseription drug proéuct. the inves.
tigation 1s not intended o support &

 slgnifieant change in the advertinlng"

for the praduct:

{lif) The investigation does mot ln- -

volve & route of administration or dos
- age level or use {n 8 patient population
- or other factor that significantly in-
creases the risks (or decreases the ac-
ceptability of the risks) associated
with the use of the drug product;

(iv) The {nvestigation i3 conducted in
compliance with the requirements for
{nstitutional review set forth in part 56
and with the requiresents for informed
consent set forth in part 50; and

(v) The investigation is conducted in
compliance with the requirements of
§312.7,

(2)(1) A clinieal investigation fnvolv-
ing an In vitro diagnostic biological
product Hsted in paragraph (W)Y of
this section is exempt from the re-

quirementa of this part if (a) {¢ i3 {n- .

tended to be used in a diagnostic proce.
dure that confirms the diagnosis made
by another, medically established, di-
- agnostic product or procedure and (b) i
i3 shipped in compliance with §312.160,

(i) In accordance with parsgraph
(bX2X1) of this section, the following
products are exempt {rom the require-

ments of this part: (a) blood grouping

serum; (b) reagens red blood cells; and
(¢) antl-human globulin.

(3) A drug intended solely for.tests in
vitro or in laboratory research animals
I3 exempt from the requirements of
this part if shipped fn accordance with
§312.160.

{4) FDA will not accept an applica-

* tion for an investigation that is ex-
£mpt under the provisions of paragraph
(b)1) of this saction.

(5)-A clinical investigation fnvolving
tise of & placebo is exempt from the re-
quirements of this part if the {nves.
tigation does not otherwlise require
submission of an IND.

(6) A clinical Investigation involving
an exception from informed consent
under §30.24 of this chapter i3 not ex-
empt from the requirements of this
part. - : '

(¢) Bioavailabtlity studies, The applica-
bility of this part to In vivo bio-
availability studles (n humans i3 sub‘

o St she 7 "slony o331, .

21 CRRCA. | (11+99 o)

(d) Un!abeled {ndlmﬂon This. part
does not- apply to the use in the pracs
tlee of medicine for an unlabeled ind-
cation of a new drug product approved
under part 314 or of & lcensed blologls
cal product,

- (¢) Guidance. FDA may, on its ot
initiative, 1ssue guidance on the appll-

cability of this part to partienlar in. .

- vestigational uses ~f drugs. ‘1a requiest,
FDA will advise o the applicability of
this part to & planned clinfeal Inves-
tigation. -

(52 FR 8631, Mar, 13, 987, as amended'at 61
FR 51529, Oct, 2, 19%; 64 FR 401, Jao. 5, 19%)

EFPECTIVR DATE NOTE: At 84 FR 401, Jan.
5, 1009, §212.2 waa humended by removing “or
507" {rom patagraph (a) and by removing “or
antibiotic drug” from paragraph (d), effee
tive May 20, 1999,

§3123 Definitions and {nterpretations,

tions of terms contained in section 201
of the Act apply to those terms whet
used {n this part:

(b) The following definitions of terms
2130 apply to this part:

Act means the Federal Food, Drug,
and Cosmetic Act- (secs. 201-902, 52
Stat. 1040 et seq., as amended (21 U.S.C.
301-392)).

Clinleal investigatfon means any ex-
petiment in which a drug s adminis-
tered or dispensed to, or used involy.
ing, one or more human subjects. For
the purposes of this part, an experl-
ment {s any use of 8 drug except for the

- use of & marketed drug {n the course of

medical practice. -

Contract research organization means a
person tiat assumes, as an independent
contractor wich the sponsor, ode or
more of the obligatlons of & sponsor,
e.g.. design of & protocol, selection or
monitoring of investigations, evajug.
tion of reports, and preparation of me.
terials to be subrnitted to the Food and
Drug Administration,

FDA means the Food and Drug Ad-
ministration,

IND means an investigational pew
drug ‘application, For purposes of this
patt, “IND" is synonymous with “No-
tice of Claimed Investigational Exemp-
.tlan {or & New Drus Y

. Ivistigational new dm}rﬁeana Y newﬁ PR, Jun, 8, )

an

(2) The definitions and Interpreta.

|

Food and Dtug Adminlstrotion, HHS

'_ammuologim drug that s used fn

& clinfeal investigation, The term also
|..:ludes 2 bologlcal product that is

mdin vitro for diagnostic purposes,
The terms “inv-+tigational drug” and

- “Investigational new drug” are desmed

me synonymons for purposes of this

Investigator means an individual who
sctually conducts & clinfcal investigas
tlon- (L.e,, under whose immediate d)-
rection the drug is administered or dis-
pensed to & subject). In the event an in-
vestigation is conducted by = team of
individuals, the {nvestigator is the re.
sponsible leader of the team. “Stb-
Investigator” includes any other indi.
vidual member of that team. ‘

Marketing application means an appl--
cation for & new drug submitted under
section 103(b) of the Act or & produet li-
cense application for a blologieal prod-
uot submitted under the Public Health
Service Act.

Sponior means & person who takes pe.
sponsibility for and [nitiates a clinical
{nvestigation, The sponsor may be an
{ndividua) or pharmacentical company,
governmental agency, academie insti-
tution, private organization, or othet

. organization. The sponsot does mot ac-
taally conduet the investigation unless

the sponsor 19 & sponsor-investigator, A
person other than an {ndividual that
13es one or more of its own employees.
to conduct an investigation that it has
{nitiated i3 & sponsor, not & sponsor-in-
vestigator, and the employees are in-
vestipators,

Sponsor-Investigator means an fndi-
vidual who both initiates and conduets
an investigation, and under whose im-
mediste direction the investigational

. Qrug i3 administered or dispensed, The

term does not include any person other
than an {ndividual, The requirements
applicable to a sponsor-investigator
under this part include both those ap-
plicadle to a invest!gator and a spon-
sor,

Subfect means & human who partiei-
pates in an fnvestigation, either as a
rectplent of the investigational new
drog or ag & control. A subject may be
8 health§ human or & patient with a
dlsease

ﬁ!FR !83[ Mar. 18, 198‘{ gnamendedatﬂ

"

.....

g7

CPFRCTIVE DATE NoTR: At 64 FR 401, Jan,
b, 199, §3123 was amended: by removing *,
aotibiotle drag,” from the paragraph defin.
ing “lnvestigational new drag” and by re
moving the phrase *, & request to provide for
certification of an antiblotio submitted

'4rmMotﬂth,"Mthsm

graph defining 'Mtrhﬂnsmliuﬂn"
fective May 20, 199,

8128 of
§ mlﬂ;l'hg am h'mdgaﬁoml

(a) The immediate package of an in-
vestigational new drug intended for
human use shall bear a labe] with the
statement “Caution: New Drug—Lim.
ited by Federal (or United States) law
to Investigational use”

(b) The label or labeling of an inves.
tig-tional new drug shall not bear any
atatement that {8 falss or misleading {n -
any particular and shall not represent
that the investigational new drug.is
safe or effective for the purposes for -
which it {8 being investigated.

§3127 Promotion and charging for in.
vestigational druge.

(&) Promotion of an investigational new
drug. A sponsor or {nvestigator, or any
person acting on behalf of a sponsor or
investigator, shall not represent in a
promotional context that an investiga-
tional new f*ug 18 safe or effective for
the purnoses for which it is under in-
vestigation or otherwise promote the
drug. This provisfon i8 not intended to
reatrict the full exchange of sclentific
information concerning the drug, in-
cluding dissemination of sclentific
findings in sclentific or lay media,
Rather, its intent is to restrict pro-
motional claims of safety or effective-
ness of the drug for & use for which it
i3 under investigation and to preclude
commercialization of the drug before it
is approved for commerclal distribu.
tion, .

(b) Commercial distribution of an nves
tigational new drug, A sponsor of inves-
tigator shall not commercially dls-
tribute or test market an {nvestigs-
tional pew drug, )

(¢) Prolomging an investioation, A
sponsor shall not undaly prolong an in-
vestigation after finding that the re-
sults of the investigation appear to es-
tablish sufficient data. tn gupport. & -
“mafketing applicatftn’C '
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(d} Chming far and cammercaalizuticn"_' ﬁm,m Waivers,

af investigational drugs—(1) Clinical
trigls under an IND. Charging for an in-
vestigational drog in a clintca) trial
under an IND is not permitted without
the prior written approval of FDA. In
requesting such approval, the sponsor
shall provide a full written explanation
of why charging {s necessary in order
for the sponsor to undertake or ¢on-
tinue the clinleal trial, 6.6, why dis-
tribotion of the drug to test subjscts
should not be considered part of the
normal cost of doing business,

(3) Treatment protocol or treatment
IND. A sponsor or ipvestigator may
charge for an investigational drug for a
treatment use under & treatment pro-
tocol ar treatment IND provided: (1)
There is adequate enrollment tn the
ongoing clinical investigations under
the snthorized IND; (1) charging doss
not constitute commercial marketing
of & new drug for which a marketing
application has-not besn approved: (itl)
the drug i3 mot being commercially
promoted or advertised; and (fv) the
gponaor of the drug s sctively pursuing
marke:. 3 approval with due dlligence,
FDA must be notified {n writing tn ad-
vance of commencing any euch
charges, in an information amendment
submitted under §312.31. Authorization
for charglng goes into effect automati-
eally 30 days after receipt by FDA of
the Information amendment, unless the

 Bpongor 18 notifled to the contrary,

(8) Noncommercialization of investiga-
tional drug. Under this section, the
8ponsor may not commercialize an in.
vestigatlonal drog by charging a price
larger than that necessary to recover
costs of manufacture, ressarch, devel-
opment, and handling of the Invastlga-
flonal drog, -

“(4) Withdrawal of authonzaﬁan Au-
thorfzation to charge for an investiga-
tional drug under this section may be
withdrawn by FDA-if the agency finds
that the conditions underlying the au-

thorization aré no longer satistled,

{Collection of tnformation requirements ap-
proved by the Office of Management and
Budget under control numbar 0910-0014)

(52 ¥R 8831,  Mar. 19, 19, umndadaw
FRINTE, M3, 1080

an

a
-x&t

; 20 CFR’Ch*I(M-WEdﬁbf\]

(a) A sponsor may request FDA to
waive applicable requirement undsr

this part, A waiver request may bo gub- 3

mitted either In an IND or i &% {rifor-
matlon amendment to an IND. In an
EMErgency, 4 request may be made by
“telephone or other rapid communica-
tion means, ‘A walver request 3 re.

quired to contain at least one of the -

following:
(1) An explanatlon why the BpORSOL's

compliance with the requirement 1 un- |

necessary or cannob be achleved,

(@) A description of an alternative
submisslon or courss of action that
satisfles the purpose of the require-
ment; or

(3) Qther Morma.uon jusbifym S
walver.

(b) FDA may grant a walver if {
{inds that the sponsor's noncompliance
would not poss & significant and unrea-
sonable risk to human subjects of the
investigation and that one of the fol
lowing 18 met:

(1) The sponsor’s compliance with the
requirement s unnecessary for the
agency to evaluate the application, or
compliance cannot be achleved,

{2) The sponsor's proposed alter
native satisties the requirement; or

(%) The applicant's submiasion other:

Wisp Justifies a walver.

(Collection of Information reqairemants ap.
proved by the Office of Management and
Budget andar contrel number 0910-0014)

(52 TR 6631, Mar, 19, 198, a9 amended at 2
FR 20031, Juna 17, 1687)

Subpart B-Invesﬂ?uﬂonal New
Drug Application(IND) -

§312.20 Requirement for an IND,

(a) A sponsor shall submit aa IND to |

FDA if the sponsor {ntends to conduch
& clinical investigation with an {nves
tigational new drog that ls subject to

§312.2a),

(b) A sponsar shall not begin & clin-

eal investigation subject to §312.2(a)

untll the investigation s subject to an

IND which {s in effect in accordance
with §312.40,

() A sponsor shall suhmit a geparaty |
IND for any clinical favestigation fn- |
volving an exception from. informed

consent under §50.24 of thls chapter.

—

{31221 Phases of an inveatigation.

s food and Dtug-ﬂit‘fiaiﬁisffdﬁon;fﬂﬁsi’f? R

-Such a c!inlcal inmtizatlon {s not
. permitted to proceed without the prior

written -anthorization from FDA, FDA
shall provide & written determination
% daya after FDA receives the IND or
earlier,

“[51 FR 6831, Mar. 19, 1087, a8 amended at 61

ER 51638, Oct. 2, 1995; 62 FR 32479, June 16,
1997

An IND may be submitted for one or
more phagses of an investigation. The'
olinical investigation of a previously
untested drug 18 generally divided {nto
three phases. Although In general the
phases are conducted sequentlally,”

.they may overlap. These three phases

of an {nvestigation are a ollows:

(a) Phase 1, (1) Phase 1 Includés the
inftlal introduction of an investiga-
tional new drug into humans, Phase 1
stutes are typically closely monitored
and may be conducted in patients or
normal volunteer subjects. These stud-

{es are dosigned to dstermine the me-

tabolism and pharmacologic actions of
the drag tn humans, the side effects as-
sociated with increasing doses, and, if
possible, to galn early evidence on ef-
fectiveness, During Phase 1, suffictent
information about the drug's phar-
macokinetics and pharmacological ef-
fects should be obtained to permit the
design of well-controlled, sclentifically
valld, Phase 2 studles, The total num-
ber of subjects and: patients included in

~ Phase 1 studies varies with the drug,

but i3 generally in the range of 20 to 80.

12) Phase 1 studles algo include stud-
les of drug metabolism, structure-ace
Uity relationships. and mechanism of
action {n humans, as well a3 stadies in
which Investigational drugs are used ag'
reseatch tools to explors biological
phenomena or disease processes,

() Phase 2, Phase 2 Includes the con-
trolled clinfcal studies conducted to
gvaluate the efféctiveness of the drug
for. a particular indication or indica-
tions In patlents 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 typically well
controlled, ¢losely monitored, and con-
ducted in a relatively small number of
patients, usually involving mo more

than saveral hundrad subjects.

",
[

i ‘s‘r; S

snwm'ﬁr
() Phase d Phasa 3 studies are ex-’
panded controlled and uncontrolled
trials. They are performed after pre-
liminary evidence suggesting effective-
ness of the drug has been obtained, and
ae {ntended to gather the additional
Information about effectiveness and
gafety that i3 peeded to evaluate the
overall bensfit-risk relationship of the
drug and to provide an adeguate basis

for physictan labeling. Phase 3 studies -

usually include from severai hundred
to several thousand suhi-*cm

§812.22 General principles of the IND
submission.

(a) FDA's primary objectives {n re-
viewing an IND are, in all phases of the
investigation, to assure the safety and
Tights of subjects, and, in Phase 7 and
3, to help assure that the quallty of the
gelentific evaluation- of drugs is ade-
quaté to permit an evalvation of the
drug's effectiveness and safoty, There-
fore, although FDA's review of Phase 1
submissions will focus on asssssing the
safety of Phage 1 {nvestigations, FDA's
review of Phases 2 and 3 submissions
will alao include an’assessment of the -
scientific quality of the clinfcal inves-
tigations and the: llkelihood that the
{nvestizations will yield data capable
of meeting statutory standards for
marketing approval.

(b) The amount of information on a |
particular drug that must be submitted
fn an IND to assure the accomplish-
ment of the objectives described in
paragraph (a) of this section depends
upon such factors as the novelty of the
drug, the extent to which it has been
studied previously, the known or sus-
pected risks, and the developmental
phage of the drug.

(¢) The central focus of the Initlal
IND submission should be on the gen-
oral investigational plan and the prote-
cols for gpecific humas studies, Subse-
quent amendments to the IND that.

. contain new or revised protocols should

build logically on previous submisslons
and should be supported by additional
jnformation, including the results of
animal toxicology studies or other
human studies as appropriate. Annual
reports to the IND should servs ag tbe
focus for reporting the: 18 of stodles

being conducted undey e IND and
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' should update the general investiga-

tional plan for the coming year. .
-{d) The IND -format set forth in
§312.23 should be followed routinely by
sponsors.in the interest of {ostering an
efficient review of applications. Spon-
30r8 are expected to exercise consider
able discretion, however, regarding the
content of information submitted in
each section, depending upon *he kind
of drug being studied and the sature of
the available information. Sectfon
31223 outlines the Information needed
for 2 commerelally sponsored TND for a
new molecular entity, A sponsor-lnves-
tigator who uses, as a research tool, an
investigational new drug that is al-
ready subject to & manufacturer’s IND
or marketing application should follow
the same general format, but ordi
narily may, if authorized by the manu-
facturer, refer to the manufacturer's
IND or marketiog application In pro-
viding the technical information sup-
porting the proposed clinlcal investiga-
tlon. A sponsor-investigator who uses
an fnvestigational drug not subjsct to
a manufacturer's IND or marketing ap-
plication 13 ordinarlly required to sub.
mit all technical Information sup-
porting the IND, unless such jnforma-
tlon may be referenced from the sef-
entific literature.

. 481228 INDEontent and format,

() A 3ponsor who intends to conduct
& clinfeal investigation subject to this
part shall submit an “Investigational
New Drug Application” (IND) Includ-
ing. In the following order:

(1) Cover sheet (Form FDA-IS7). A
cover sheet for the application con-
taining the following:

(1) The name, address, and telephone
number of the sponsor, the date of the
application, and the name of the inves-
tigational new drug,

(1) Identification of the phase or
phases of the clinical Investigation to
be conducted.

(1) A commitment not to begin clin-
lcal Investigations until an IND cov-
ering the lnvestigations (s in effect.

(Iv) A commitment that an Instit:
tional Review Board (IRB) that com-
plies with the requirements set forth in
part 36 will be responsible for the inl-
_tlal and continuing review and ap--

6

ity In accordance with the requir

- vestigation In accordance with all

~ thorizeq offlcial who resides or matn.

21 CFRCN. 1 (4=1-99 Edition)

posed clinfeal investipation. and .
the Investigator will report to the IRB
proposed changes In the research actlv.

ments of part 56,
(v) A commitment to conduct the ins

other applizible regulatory require
ments,

{vi) The name and title of the person
responsthla for monitoring the conduct
and progress of the clinlcal investigas -
tions.

(vil) The name(s) and title(s) of the
person(s) responsible under §312.32 for
review and evaluation of information
relevant to the safety of the drug.

(vill) 1f a sponsor has transferred any
obligations for the conduct of any clin.
fca] study to & contract research orga.
nizatlon, & statement conteining the
name and address of the contract re
search organization, ident!fication of
the clinlcal study, and a listlng of the
obligations transferred, If all obliga-
tlons governing the conduct of the
study have been transferred, a general
statement of this transfer—{n lieu of a |
listing of the speclfic obligations trans
fetred—may be submitted, . _

(Ix) The signature of the sponsor or
the sponsor's authorized. represents |

- tive, If the person signing the applica- |

tion does not reside or have a place of
business within the United States, the
IND {s required to contaln the name
and address of, and be countersigned
by, an attorney, agent, or other ay.

1

tains a place of business within the ';
United States. ;

(2) A table of contents,

(3) Introductory sintement and general ‘
investigational plan. (1) A betef fntrodue. |
tory statement giving the name of the |
. drug and a)l active Ingredients, the |
drug's pharinacological class, the |
structural formula of the drug (it |
known), the formulaion of the dosage |
form(s) to be used, the route of admin.
fstration, and the broad objectives and

. planned duration of the proposed clln~

{cal {nvestigations).

dly A brief summary of previuus
human experience with the drug, with
reference t- other IND's {f penlnent.
~and to Invesusmtonal or marketing &

t

* ood and Drug Adminirafion, HHS

be relevant to the safetv of the pro-
posed clinical investigation(s).

(1l1) If the drug has been withdrawn
from investigation or marketing in any
countey for any teason related to safe.
ty or effettiveness, identification of
the conntry(ies) where the drug was
withdrawn and the reasons for the
withdrawal,

{iv) A brie{ description of the overall
plan for investigating the drug product
for the following year, The plan should

© intlude the following: (a) The rationale

for the drug or the research study; (b)
the indication(s) to be studled; (c) the

general approach to be followed in.

evaluating the drug; (d) the kinds of
clinlcal trials to be conducted in the
first year following the submission (if
plans.are not developed for the entire

_ year, the sponsor should 50 indlcate);

{¢) the estimaved number of patients to
be given the drug in those studies; and
Ift any tisks of particular severity or
seriousness anticipated on the basis of
the toxicological data in animals or
prior studles in humang with the drug
or related drugs,

(0) [Reserved)

(5) Investigator's brachure, It required
under §312.55, & copy of the investiga.
tor's brochure, containing the fols
Yowing information:

(1) A orief description of the drug
substance and the formulation, includ-
ing the structural formula, if known.

() A summary of the pharma-
cological and toxicological effects of

" the drug in animals and, to the extent

known, in humans,
ity A summary of the pharmaco-
kinetics and biological disposition of

- the drug in animals and, if known, {n’
‘' humans,

(iv) A summary of information relat-

fng 10 safety and effectiveness in hu.
mans obtained from prior elintcal stud-
o3, (Reprints of published articles on
such studles may be appended when
useful.) :
(v} A description of possible risks and
sile effects to be anticipated on the
basis of prior experfence with the drug
i under, {nvestigatic or with related
drags, and of precautions or spectal
monitoring 0 be done as part of the ine
vestigationnl vse of the drog.

A J'mtmls ﬂ) A protocol for. each;;_

" proval of mh*g\t @g,stndm inthe gro- .peﬂence In ot.hgt c{ountﬁes tm ‘“"‘i" " éd“study. “(Brotocols for svadies”
|1 "* .

531w

not. suhmitr.ed initially {n the IND -
should be submitted in accordance with
§312.30(a)) In general, protocols for
Phase 1 studles may be less detailed ,
and mors flexible than protocols for
Phase 2 and 3 studes, Phase 1 protocols
should be directed primarily at pro-
viding an outline of the investigation—
an estimate of the number of patients
to be involved, a description of safety
exclugions, and & description of the .
dosing plan including duration, dose, or
method to0 be used in determining
dose—and should speclfy in detall only
those elements of the study that are
critical to safety, such as hecessary
monitoring of vital signs and biood
chemistries, Modifications of the ex-
perimental design of Phase 1 studies -
that do not affect critical safety as.
sessments are required to be reported
to FDA only in the annual report.”

(1) In Phases 2 and 3, detaiid proto-
cols describing all aspects of the study
should be submitted, A protocol for &
Phase 2 or 3 investigation should be de-
signed in such a way that, if the spon-
sor anticipates that some deviation
from the study design may becotne necs
essary ag the investigation progresses,
alternatives or contingencies to pro-
vide for such deviation are bullt into
the protocols at the outset, For exam-
ple, & protocol for a controlled short
term study might include a plan for an
early crossover of nonresponders to an
alternative therapy.

(1) A protocol s required to contaln
the following, with the specific ele-
ments and detall of the protocol re
flecting the above distinctions depend-
ing on the phase of study:

() 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 qualifica-
tions) of each Investigator, and the
name of each subinvestigator (e.g., res
gearch fellow, resident) working under
the supervision of the investigator; the
name and address of the research fa-
cilities to be used; and the name and
address of each reviewing Institutional
Review Board,

(¢) The criteria for patient selection
~and for exclusion of patients and an e~

‘stadled.”
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td} A deacriptlan of the daalgn ot the

gtudy, Including the kind of control
group to be used, If any. and a-descrip-
tion of methods to be used to minimize
biag on: Lhe part of subjects, {nvestiga~
tors, and analysts.

{e) The method for determining the
dose(s) to be administered, the planned
maximum dosage, and the duration of
individual pablent expusure to the
drug.

{f) A description of the obumttona

and measurements to be made to fulfil) .

the abjectives of the-study.

(@) A description of clinleal proce-
dures, laboratory tests, or other meas
ures to be taken to monitor the sifscts
of the drug n human subjects and to.
minimize risk,

(T) Chemistry, manufacturing, and con-
trol information. ({) As appropriate for
the -particular investigations coversd
by the IND, & section describing the
compoaition, manufacture, and control
of the drug substance and the drug
product. Although in each phage of the
investigation sufflcient information {3
required to be'submitted to agsure the
proper ldentification, quality, purity,
and strength of the lInvestigational
drug. thr «mount of information need-
ed to make that assurance will vary
with the phase of the investigation, the
proposed duration of the {nvestigation,
the dosage form, and the amount of in-
formation otherwige avallable. FDA
recognizer that modifications to the
method of preparation of the new drug
substance and dosage form and changes
In the dosage form ftself are likely as
the investigation progresses. There-
fore, the cnphasis In an Initial Phase 1

~ gubmission should generally be placed
on the Identification and control of the
raw materials and the new drug sub-
stance, Final specifications for the
drug substance and drug product are:
not expected untl] the end of the inves-
tigational process,

(i1) It should be emphasized that the
amount of information to be submitted
depends upon the scope of the proposed
clinical investigatlon. For example, al-
though stabllity data are required n
all phases of the IND to demonstrate
that the new drog substance and drug
product are within acceptable chemical

- and physical lmits for the planned du-
ration of  proposed clinical inves.

FURE R
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ttzatlon {C very short- mm tAsts are
proposed, the suprortiug stabliity data
oan he correspondingly limiteds’ .

(1if) As drug development procesds
and as the' scale or production {8
‘¢haii..d from the pilot-scale produc.
tion appropriate for the limited initial
clinical Investigatlons to,the larger
gcale production needed for expanded
clinical trfals, the spansor should sub-
mit {nformation amendments to sup-
plement the initta] information sub.
mitted on the chemistry, manufac-
turing, and control processes with in.
formation appropriate to the expanded
scope of the Investigation.

{iv) Reflecting the distinctions de-
seribed in this paragraph (a)(), and
based on the phase(s) to be studied, the
submigslon {s required to conuin the
following:

{a) Drug substance. A description of
the drug'substance, including its phys-
fcal, chemital, or hiological character-
{stics; the name and address of its man-
ufacturer; the general method of prepa-
ratior nf the drug substance; the ac-
ceptabie limits and analytical methods

.u36d to assure the identity. strength, *
quality, and purity of the drug ‘sub- |
gtance; and information sufficient to

support stability of the drug substance
during the toxicological studles and
the planned clinical studies. Reference |
Yo the' curvant editfon of the United
States Pharmacopaia—National Por- :

. ments [n this paragraph.

(0) Drug praduct, A list of all compo- |
nents, which may {nclude reasonable ;
alternatives for Inactive compounds, !
used fn the manufacture of the inves-
tigational drug product, {ncluding both ;
those compouents intended to appear l
in the drug product and those which '
may not appear but which are used in
th: manufacturing process, and. whera
applcable, the quantitative composis
tion of the investigational drug prod-
uet. fncluding any reasonable vari-
ations that may e expected during the
{nvestigational staze: the name and ad-
dress of the drug product manofac i
turer, a brief general deseription of the %

mulary may satisly relevant réqaire- l
]

manufacturing and packaging proces

dr « as appropri~{a for the product; ths ¢
atceptahle limi.s and analytical meth. ¢
odn used to assore the fdentity,. "

surength, quallty, and purlty' of the

L]
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“drug product; and lnfurmatlon ‘suffi-

cient to assure the product's * Rability
during the planned clinical studies,

Reference to the current edition of the

United States Pharmacopela—National
Formulary mag satisfy certain require.

mentd in this paragraph.

(c} A brief general description of the
composition, manufacture, and contro)
nf any placebo tsed in a contrnlled

_ ¢linical trial,

(d) Labeling, A copy of all Iabels and
labeling to be provided to each [nvesti-
galor.

(e) Environmental analysis require-
ments. A claim for categorical exclu-
slon under §25.30 or %.31 or an gnviron-
mental asséssment under §25.40.

(8) Pharmacology and loricology infor-
mation, Adequate informatlon -about
pharmacological and  toxicological
studies of the drog involving labora-
tory animals or in vitro, on the bagis of
which the sponsor has concluded that
it is reasonably safe to conduct the
propased: clinical {nvestigations, The
kind, duration, and scope of animal and

other tests required varfes with the du-
ration and nature of the proposed clin-
jeal investigations. Guidelines are
avallabls from FDA that describe ways
in which these requirements may be
met, Such information is required to
include the idenification and quali-
fications of the individuals who evalu-
ated the results of such studies and
concluded ther it is reasonably safe to
begin the proposed investigations and a
statement of where the investigations
wers conducted and, where the records
are avaflable for inspebtion. As drug

iievelopment proceeds. the spongor i3’
required o submit informational-

amendments, a8 appropriate, with addi-
tional {nformation pertinent to safety,

(1) Pharmacology and drug disposition:
A eection describing the pharma-
cological effects and mechanismis) of
action of the drug in animals, and in-
formation on the absorption, distribu-

 tion, metabollsm, and excretion of the

drug, if known,

(1) Toxicology. (a) An integrated sum-
mary of the toxicological eifests of the
drog in animals and in vitro. Depend-
ing on the nature of the drug and the
phase of the investigation, the descrip-

- tion 18 to include the resuits of acute,

subacute, and chronic toxicity tests;

o i o . T
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‘tests of the druz's effects on reproduc- -

tion and the developin? “etus; any spe-
clal toxicity test related to the drug's
particular mode of administration or
conditions of use (e.g., nbalation, der-

~ mal, or ocular toxicology), and any in

vitro studies intended to evaluate drug
toxicity.

{b) For each taxicology study that is
fntended primarily to support the safe-
ty of the proposed ¢linical investiga-
thon, » full tabulation of data suitable
for detailed review,

{{i$) For each nonclinical laboratory

stndy sabject to the good laboratory
practice regulations under part 8, a
statement that the study was con-

.....

ducted in compliance with the good -

laboratory practice regulations in part’

53, or, i the study was not conducted
{n compliance with thoss regulations, 2
brief statement of the reason for the
‘noncompliance.

{8 Previous human experience with the
investigational drug, A summary of pre-
vious human experience known to the
applicant, if any, with the investiga-
tional drug. The information 1§ re-
quired to {nclude the following:

(1) If the investigational drug bas
been: investigated or marketed pre-
viously, efther in the United States or

other countries, detailed information

about such experience that is relevant
to the safety of the proposed lnvestiga-
tion or to the 1nvastigation 'r “1tionale,

If the durg has been the subject of con-

trolled trials, detailed tnformation on
such trials that is relevant to an as-
gessment, of the drug's effectiveness 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 effectiveness
for its proposed -nvestigational use
should be provided in full, Published

materfal that is Jess dlrectly relevant

may be supplied by a bibliography.

(11) If the.drug is a combination of -

drugs previously investigated or mar-
keted, the Information required under
paragraph (a)S)1) of ‘this section
should be provided for each active drug
component, However, i{ any component
in such combination i ubject to an
approved marketing ¢  sation or fs

otherwise lawfully s sPted 1 QP
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United States, the sponsor 13 not re-
quired to submit published material
concerning that active drug component
unless such material relates directly to
the proposed investigational use (in.
cluding publications relevant to com-
poneut-component nteraction),

(1) If the drug has been marketed
outside the United States, a list of the
countries in which the drug has been
marketed and & 1jst of the countries In
which the drug has been withdrawn
from marketiog for reasons potentially
related to safety or effectiveness,

(10) Additional ‘nformation. In certaly -

applications, as described below, fnfor-
mation on speclal toples may be need-
ed. ‘Such information shall be sub-
mitted in this section as follows:

(1) Drug dependen.. and abuse poten-
'ial, 1 the drug I8 a psychotrople sub-
jtance or otherwise has abuse poten-
Ual, a section describing relevant clip-
ical studfes and experience and studles
iD test animala, B

() Radioactive drugs, If the drug 18 2
‘adioactive drug, sufficient data from
inimal or human studies to allow &
easonable calculation of radiation-ab-
sorbed dose to the whole body and crits
cal otgans upon administration to o
luman subject, Phase 1 studies of ra-
lloactive drugs must include studies
which will obtain sufficient data. for
losimetry caleulations.

(I11) Pediatric studtes. Plans for assess-
ng pediatric safety and effectiv.ess.

(iv) Other information, A brief state-
nent of any other information that
vould aid evaluation of the proposed
Jinical investigations with respect to
elr safety or thefr design and poten-
1al as controlled clinica] trials to sup-
0rt marketing of the drug.

(11) Relevant nformation. If requested
iy FDA, any other relevant informs-
}on needed for review of the applica

on

(b) Information prevously submfttetL
“he sponsor ordinarily is not required
o resubmit information previously
ubmitted, but may incorporate the in-
ormation by reference. A reference to
nformation submitted previously must
(entify the flle by name, reference
wmber, volume, and page humber
vhere the information can be found, A
ference to information submitted to

21CR CR ' (4"1'99 5{1‘}»“5]

sponsor 18 required to ront,aln 2 Wit
ten statement that duthorizes the ref-
erence and that ia signed hy the person
who submitted the information,

(€) Material fr a foreign lanouage, The
sponsor shall submit an aceurate and
complete English translation of cach
part of the IND that {3 not {n English,
The sponsor shall also submit & copy of
each izinal literature publication for
which an English Lmn‘qlatlun {8 gub
mitted,

(d) Number of copies. The sponsor
shall submit an original and two coples
of all sulmlssions to the TND flle, In
cluding the original submission and all
amendments and reports.

(&) Numbering of ' IND submissions,

Tach submission relating to an IND fs .

tequired to be numbered serfally using
a single, three-digit serfal number. The

{nitlal IND Is required o be numbered.

000; each subsequent submission (e,
amendment, report, or correspondence)
I8 required to be numbered chrono-
logically in sequence,

() Identification of exception from fn-
formed consent, If the investigation in.
volves ap exception from informed con.
sent under §50.24 of this chapter, the
sponsor shall prominently ldentify on
the cover sheet that the investigation
i3 subject to the requirements in §50.24
of this chapter,

(Colleetion of (nformation requirements ap.
proved hy the Office of Management and

Budget under control numbor 0910-0014)
(52 PR 8831, Mar, 19, 1987, as smended at %2

FR 23031, June 17, 1987: 53 FR 1918, Jan. %5,
1988, 61 FR 81529, Oet. 2. 1996: 62 PP 105%,
July 28, 197, 63 FR 66669, Dec. 2, 19%9)

§31230 Protocol amendments,

Once an IND is in effect, & aponsor
shall amend {t a3 needed to ensure that
the clinfeal fnvestigations 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 {n previovsly submitted proto-
cols may be made, Whenever a spionsor
intends to conduet » clinfcal Investiga:
tion with an exception from informed
consent for emergency rescarch as set,
Jorth-in-§50.24 of this chapter, the Apon:

“sof -shall submit s uparm IND Ior.. .
.ha aguncy byap- jm other. t!mn g:em,guch investdmjon e T

K
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(8) New protacnl, Whenever & sponsor
intends to conduct & study that s not
covered by 4 protocol already come

“tained In the IND, the sponsor shall

submit to FDA a protocol amendment
containing the protocol for the study,

Such study may begin provided two-

conditions ate met: (1) The sponsor has
submitted the protocol to FDA for its
teview; and (2) the protocol has been
approved by the Institutional Review
Board (IRB) with responsiuility for re
vlew and approval of the study in ac-
cordance with the requirements of part
56, The sponsor may comply with these
two conditions in either order. -

{b) Changes {n a profocol. {1) A sponsor
shall submit & protocol amendment de-

. sribing 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, ot the sclentific
quality of the study, Examples of
changes requiring an amendment under
this paragraph Include:

{1y Any {ncrease in drug dosage or du-
ration of exposure of Individual sub-
Jects to the drug beyond that Ln the

.+ current protocol, or any significant in-
" ¢rease in the number of subjects under

study,

(if) Any significant change {n the de
sign of & protocol (such as the addition
or drapping of & control group).

(1) The addition of & new test or

procedure that’is intended to Improve
monitoring for, or reduce the risk of, &
side effect or adverse event, or the
dropping of & test {ntended to monitor
safety,

(@) A protocol change under pare-
graph (b)1) of this section may be
made provided two condltions are met:

{a) The sponsor has submitted the
thange to FDA for its review; and

(b) The change has been approved by

_ the JRB with responsibllity for review

and apnroval of the study. The :ponsor

may comply with those Lwo conditions

in elther order. :
(i)  Notwithstandinz, maragraph
(B2} of this section, .. protocol

change Intended to eliminata &N Appar
ent immediate hazard to subjects may
he Implerhented Immediately provided

_Pﬁn fs suhseqmtls notifled by pro-
™ amenfmn*'"“e.nd the reviewlng

§31230

IRB.is notifled in sccordance with
§56.104(c).

{¢) New fnvestigator. A sponsor shall
submit & protocol amendment whe a
new Investigator I8 added to carry. out

‘8 previonsly submitted protocod, except

that & protocol amendment s not re-
quired when a licensed practitioner Is
added in the case of & treatment pro-
toco! under §312.34, Once the invest-
gator (3 added to the study, the inves-
tigatlonal drug may be shipped to the
{nvestigator and the investigator may
begin participating In the study. The
gpongor shall notify FDA of the new In-
vestigator within 30 days of the lnves-
tigator being added. .

(d) Content und format, A protocol
amendment {s required to be promi-
nently {dentified as such (ie., “Pro
tocol Amendment. New Protocol”,
“Protocol Amendment; Change in Pro-
tocol”, or “Protocol Amendment: New
Investigator™), and to contain the fol-
lowing:

(1)(1) In the case of & new pmocol. a
copy of the new protocol and a brief de-
seription of the most clinically signifl-

. cant differences between it and pre-

vious protocols.

(if) In the case of a change in pro-
tocol, & brief desctiption of the change
and reference (date and number) to the
submissjon that contalned the pro-
tocol. .

(i11) In the case of a new investigator,
the investigator's name, the qualifica-

: tions o conduct the {ovestigation, ref-

erence to the previously submitted pro-
tocol, and all additfonal information
about the Investigator's study as {s re-

+ quired under §312.23(a)BXLIXD),

(2) Refarence, if necessary, to speciflo
technica) information in the IND or in
& concurrently. submitted information
amendment to the IND that the spon-
sor relies on to support any clinically
significant change in the pew or
amended protocol. If the reference s
made to supporting Information al-
ready in the IND, the sponsor shall
identify by name, referemce number,
volume, and page number the location
of the information.

{3) Tf the sponsor desires FDA to com-
ment on the submission, & request for -
such comment and the speciflc, ques-.
tons FDA's. responﬁe should 7+

A
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{a} }vm subm:tted A spunsor sha!l -

submit & protocel amendment for a
new protocol 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 several submissions of new proto-
cols or protocol changes are antiel-
pated during a short perfod, the spon-
sor s encouraged, to the extent fea-
sible. to include these sll in a single
snbmiasion.

(Collection of Information requiraments ap-
proved by the Office of Management and
Budget under control number 0910-0014)

(53 FR 880, Mic. 19, 198, ss amandad at 80
PR 2001, Juna 17, 1687 53 FR 1818, Jan, 25,
1988; 63 FR 51330, Oct. 2, 19%6)

§31231 Information amendments.

(a) Requirement for information amend-
mend. A sponsor shall report fn an (o
formation amendment essential infor-
mation on the IND that is not within
the scope of a protocol amendment,
IND safety reports, ot annual report.
Examples of informat .o requiring an
information amendment include:

{1) New toxicology, chemlstry, or
other technical information; or

{3) A report regarding the discontinu-
ance of & clinical Investigation.

(b) Content and formal of an informa-
tion amendment, An information amend-
ment 15 required to bear prominent
identification of lts contents (e.g., "In-
formation Amendment: Chemistry,
Manufacturing, and Control”, “Infor-
mation Amendment, Pharmacology-
Toxicology”, “Information Amend-
ment: Clinfcal"), and to contaln the
following:

- {1y A statement of the natore and
purpose of the amendment,

() An organized submission of the
data in a format appropriate {or sclb-
entific review,

(3) 1f the sponsur desires FDA to com.
ment on an Information amendment, 3
request for such comment.

(¢} When submitted. Information
amendments to whe IND should be sub~

-FR 23031, Jung 17, 1687: 51 PR 19:3 Jan, 5,

zismcn e e&mom

mltted aa nacesaan' but, to the extent
feaatble, not more than avery 30 days,

(Coliection of ink. mation raquinmeﬁ'u A
proved by the Office of Management and.
Budget undr control number (910-0014) -

152 FR R831, Mar, 19, 1987, as amended at 52
19681

§31232 IND salety reports,

{a) Definitions. The followi: - delinls
tions of terms apply b g section~

Associated with the use of the drug,
There 13.a reasonable possibility that
the experience may bave been caused
by the.drug. !

Disability, A substantial disruption of |
a person's ability to conduct normal !
life functions. |

1% threalening ndnerse drug experis
ence. Any adverse tirug experience that
places the patient or subject, in the
view of the {nvestigator, at immediate
risk of death from the reaction as it oc-
curred, 1.e., it does not {nclude & reac
tion that, had it oceurred In & more se-
vere forin, might have caused death,

Serigus adverse drug experionce; Any
adverse drug experlence oceurring at
any dose that results {n any of the fol-
lowing outcomes: Death, & life-threat-
ening adverss drug experience, inpa-
tient hospitalization or prolongation of |
existing hospitalization,  persistentor |
significant disability/incapacity, or &
congenital anomaly/birth defect, Im-
portant medical events that may not
result In death. be life-threatentng, or
require hospitallzation may be consld-
ered 4 serfous adverse (rug experience
when. ‘based upon appropriate medical
judgmont, they may jeopardize the pa-
tient or subject and may require med-
ical or surgical Interventlon to prevent
one of the outcomes listed in this defi-
nitjon, Examples of such medical
gvents include allergic bronchospasm
requiring intenalve treatment fn an
emergency room or at home, blood
dyscrasias or convulsions that do not
result in inpatient hospitalization, or
the development of drug dependency or
drug abuse.

Unezpected aduerse drug erperience:
Any adverse drug experience, the specl-
ficlty or severity of which is not con.
sistent with the cutrent fnvestigator

l
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hrn';rhﬁ'ra: o, if an {m"re’st‘!mor. bro-

ek 0 13 1Ot required or avallable, the
gpecificity or severity of which i3 not
consistent with the risk information
described in the general investiga
tions! plan or elsewhere in the current

-appiication, as amended. For example,

under this definition, hepatic necrosis
would be unexpscted (Ly virtve of
greater severity) {{ the investigator
brochure only referred to elevated he-
patic enzymes or hepatitls. Stmilacly,
cerehral thrembosmhollsm and cers-

- bral vasculitis would be unexpected (by

virtue of greater specificity) {f the in-
vestigator brochure only Ilsted cere-
bral vascular accidents, “Unexpected,”
43 used in this definition, refers to an
adverse drug experlence that has not
been previously observed (e.g., included
In the Investigator brochure) rather
than from the perspective of such expe-

rience not belng anticipated {rom the -

pharmacological properties of the
pharmaceutical product.

(b Review of safety information. The
spongor shall promptly review all infor-
mation relevant to the safety of the
drug obtalned or otherwise received by
the sponsor {rom any source, {oreign or
domestic. including Information de-
tlved (rom any clinical or epidemiolog-
fcal investigations, animal investiga-
tions, commercial marketing experi-
gnce, reports in the sclentific It
erature, and unpublished selenti(ic pa-
pers, a well as reports from forelgn
regulatory authorities that have not
already been previpusly reported to the
agency by the sponsor.

() IND safely repores. (1) Written ree
poris={{) The sponsor shall notify FDA

“and all participating Investigators in

wrltten 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 labora-
tory animals that sugpests a-signifi-
oot visk forhuman subjects including
reports of mutagenicity,
teratogenicity, or carcinogenicity,
Each notitication shall be made a8 soon
23 possible and In no event later than
15 calendar days alter the sponsor's inl-
tial recelpt of the Information. Each
 written notification. may te submitted

on FDA Form 3500A or §0 & narratlve

format (forsign events may bs sub-

.t

mitted oither on an FDA Form $500A
or, If preferred, on & CIOMS I form; re-
ports from animal or epidemiological
studies shall be submitted in & nar-
Tative format) and shall bear proml-
nent |dentification of {tg contents, 1.8.,
"IND Safety Report.” Each written no-
tificatlon 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
{n the Center for Blologles Evaluation
and Research that has responsibility
for review of the IND. If FDA deter-
mines that addltional data ave needed,

- the agency may require further daba to

be submitted.

{41} In each written IND safety re-
port. the sponsor shall Jdentify all safe-
ty reports previously filed with the

IND concarning & similar adverse expe-

rience, and shall analyze the slgnifi-

-—

cance of the adverse experience in light .

of the previonos, similar reports,

() Telephome and focsimile trans-
mission sefety reports. The sponsor shall
also notify FDA by telephone or by fac-

simile “ransmission of any unexpected

fatal or l{fe-threatening experience as-
sociated with the use of the drug es

soon ag possible but in no event later
than 7 calendar days after the spon-
sor's {nitial receiptof the information,

Bach telephone call or facsimile trags- -

mission to FDA shall be transmitted to
the FDA new drug review division in

. the Center for Drug Evaluation and Re-

search or the product reviw divislon
{0 the Center for Biclogics Evaluation
and Research that has responsibility
for review of the IND,

(3) Repoiting format or frequency. FDA
may request a sponser to submit IND
galety reports In a format or at a fre-
quency different than. that required
under this paragraph. The sponser may
also propose and adopt a different re-
porting format or frequency If the
change {5 agreed to in advance by the

director of the new drug review divl-

glon {n the Center for Drug Evalvation

and Research or the director of the .

products review divislon (n the Centar
{or Blologics Evaluation and Ressarch
which {8 reapuns!ble xor Tevlew of the
IND.

(4) A spongor of 4 clin. stody of 2

marketed drug 18 not mqm.r}jéo. :)
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" 2 safety report for any adverse expert-
ence assoctated with use of the drug
that {8 pot from the clinical stady
itsell,

{d) Foilowup, (1) The aponsor shall
promptly lnvestigate all safety infor-
mation recefved by it,

{2y Follownp information to a safety
report shall be submitted as soon as
the relevant information i3 avallable,

(3) 1t the results of a sponsor's inves-
tigation show that an adverse drug ex-
perlence not initially determined to be
reportable under paragraph (c) of this
section s so reportable, the sponsor
shall report such experience in & writ--
ten safety report as soon a3 possible,
bat in no event later thdn 15 calendar
days after the determination is made:

(4) Results of & sponsor's investiga-
tion of other safety information shall
be submitted, as appropriate, 1n an in-
formation amendment or anntal re..
port,

(e) Disclaimer. A anIety report of
other nformation sabmitted by & spon-
sor under this part (and any release by
FDA of that report or information)
does, not necessarily reflect & conclu-
sion by the sponsor or FDA that the re-
port or information constitutes an ad-
mission that the drug caused or con-
tributed to am adverse experience. A
sponsor need not admit, and may deny,
that the report or information sub-
mitted by the sponsor constitutes an
admission that the drag cansed or con-
tributed to an edverse experience.

(Collection of information requirements ap-
proved by the Offfce of Mansgement and
Burlget ander control number 0910-0014)

(52 FR 8831, Mar: 19, 1967, as amended at 82

FR 2031, June 17, 1987: 55 FR 11578, Mar. %, -

199§: 62 FR 62250, Oct. 7, 1997)

$812.33 Annual reports.

A sponsor shall within 60 days of the
anniversary date that the IND went
into effect, submit a brief report of the
progress of the investipation that in-
cludes: .

(@) Individual sludy information, A
brief summary of the status of each
study in progress and each study com-
pleted during the previous year, The
summary 13 required to include the fol-
1owlnﬂ {nformation for each study: -

(1) The title of the study (with any
f, appmpriate mﬂ" Jdentiﬁers suggt@.g

A1 LEKAN, | (a=1%YY EQTION)

protocol number), ts purpose, & brief
statement identifying the prtient pop-
ulation, and & statement as « Wwhether
the study {3 completed.

(2) The total num"er of subjects {nl-

tlally planned for incluston fo. the -

study; the pumber entered Into the

study to date, tabulated by age group,

gender, and race: the number whose

participation In the study was com- .

pleted as planned; and the ne, ¢r who
dropped out cf the study for any rea-
8on.

(3) 1f the study has been completed,
or if interim results are known, a brief
description of any available study re-
sults,

(b) Summary {nfohmation. Information
obtained during the previous year's
clinical and nonclinical investigations,
{ncluding:

(1) A narrative or tabular summary

ghowing the most frequent and most

serious adverse experiences by body
system.

~ () A summary of all IND aafer.y re-
ports submitted during the past year.

(3) A list of subjects who died during
participation in the investigation, with
the canse of death for each subject.

(4) A 11st of subjects who dropped out
during the course of the investigation
in‘asgociation with any adverse experl-
ence, whether or.not thought to be
drug related.

(5) A brief description of what, Ifzm',r _

thing, was obtalned that I8 pertinent to
20 understanding of the drug's actions,
including, for example, information

about dose .response, information from.
* controlled tralls, and information

about bioavallahility,

(6) A list of the preclinieal studies
(including animal studies) completed
or {n progress during the past year and
& simmary of the major preclinical
findings, -

(M A summary of any significant
magufacturing  or  microblological
changes made during the past year,

{c) A description of the general {nves-

tigational plan for the coming year to
replace that'submitted 1 year earller.
The general investigational plan shall

contadn the fnformation required under _

~§312.23(8)3)(1v),
(d) If the investigator brochute hu
" been revised, & description of the revls’

.1, elon andp copy

‘12

o‘f thc new brochure‘? Fre

.
]

. Food and Drug Administration, KHS.

@A deseript‘lon of any nignlﬂcant
Phase 1 protocol modifications made
during the previous year and not pre-
vlously reported to the IND {n & pro-
tocol amendment,

() A brief summary of significant
forefgn ‘marketing developments with

_ the drug during the past year, such a8

approval of marketing (o any country
or withdrawal or suspenston from mar-
keting in any country,

(g) If desired by the sponsar, & log of
any outstanding business w..\ .cspact
to the IND for which the sponsor pe-

- quests or expects a reply, comment, or

meeting,

{Collection of inrormatlon tequirements ap- -
proved by the Office of Management and
"Budget under control number 104014)

52 FR 9831, Mar. 19, 1987, as amended at 52

fﬂl;afﬂm. June 17, 1901: 63 FR 6852, Feb, 11,

§31234 Treatment use of i:mstiga. :
uonnlnewdrux o

(8) General, Mmgtlmlsnotap-
proved for marketing may be under
clinjeal fnvestigation for & serious op

" {mmediately I{fe-threatening diseas

cond(tion {n patients for whom no com-
parable or “satisfactory altermative
drug or othet th¥rapy is available, Dur
Ing the clinlcal investigation of the
drug, it may be appropriate to use the
g 1 the treatment of patients not
fu the clindeal trials, in accordance
with & treatment protocol or treats
ment IND. The purpose of this section

s to factlitats the avallabitity of

promising new druge to desperately 11l
patlents a3 early ln the drag develop
ment process a3 possible, before gens
eral marketing begins, and to obtaln
sdditional date on the drug's safety
and effectiveness, In the case of & seri.
ous disease, a drog ordinarily may be
made aveflable for treatment use under

- this section during Phase § {nvestiga-

tlons or after all clinfcal trials have
been completed; however, fn appro-
priate circumstances, a drug may be
made available for treatment use dur-
{ng Phase 2 In the case of an {mme-
diately life-threatening disease, & drug
may be mede available for trestment
use under this section earlier than
Phase 3, but onlinarily not earller than
Phase 2, For purposes of this section,

' "he“;mthint use" of a’drug includés

LU

§a12M

‘the use of & drug for diagnostic per
poses. If & protocol for an investigas
tional drug meets the criteria of this
section, the protocol ia to be submitted
83 a treatment protocol under the pro-
vislons of this sectlon,

(b} Criteria. (1) FDA shall permit an
investigational drug to be ussd for s
treatment use under a treatment pro-
tocol or treatment IND if:

(1) The drug 18 intended to treat a go-
rous or immediately lfo-threatening
dizease;

(i) There i no comparable or satis-
factory alternative drug or other ther

.8y available %o treat that stage of the

disease in the intended patient popu-
lation;

(141) The drug 13 under investigation
in & controlled clinical trial under an
IND in effect for the trial, or all clin.
feal trials have been completad: and

« (1) The ‘sponsor of the controlled

clinical trial is actively pursning mar-
keting approval of the investigational
drug with due diligence,

(2) Serfous disease, For a drug in-
tended to treat a serfous disease, the
Commissloner may deny a request for
treatment use under a treatment pro-
tocol or treatment IND If there is in-
aufficient evidence of safety and effec.
tiveness to support such use,

(3) Immediately life-threatening disease, -
(1) For a drug intended to treat an fm.
mediately life-threatening dissase, the
Commissioner may deny & request for
treatment use of an investigational
drog under e treatment protocol or
treatment IND If the avallable scl-
entifio evidence, taken a8 a whole, fadls
to provide a reasonable basls for con-

" cluding that the drug:

(A) May be effective for its intended

-use in its intended patient population;:

or

(B) Would not expose the patients to
whomn the drug 18 to be administered to
a1 unreasonable and significant addi-
tlonal risk of tiiness or injury.

(i) For the parpose of this section,
a0 “{mmediately life-threatening” dis.
ease meann o stage of a disease In
which there i3 a reasonabls likelihood
that death will occur within a matter
of months or in which prematare death
ia(li;:;lyfwlthont %rg mw :

¢) 8o eg,mﬂa tmiersiiise of an -
lnveat.lmional drog is o . foned on
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y apomr and mmtiga.tors cum-
ring with the safeguards of the IND
veeas, Incloding the regulations gov-
ning informed consent (21 CFR part
 and institutional review boards (3l
'R, part; 56) and the applicable provi-
yng of part 312, Including distribution
‘the drug through qualified experts,
alntepance of sadequate manufac-
ring facilitles, and submission of IND
ety reports.

(d) Clinical hold. FDA may place on
inical hold a proposed or ongoing
eatinent protocol or treatment IND
accordangce with §312.43,

R 906, May 2. 1987, a5 amended b 51" o0 ndor o treatment protocol Is an

13348, Apr. 15, 19621

11295 Submissions for treatment
use,

{a) Trealment profocol submilled by
‘D sponsor. Any sponsor of a clinfcal
vestigation of a drug who intends to
onsor & treatment use for the drug
all submit to FDA'a treatment pro-
col under §312.34 {f the sponsor be-
wves the criteria of §312.3¢ are satls-

. [f 8 protocol is not submitted

ider §312.34, but FDA belleves that
e protocol should have Lean sub-
{tted under this section, FDA may
em the protocol to be submitted
der §312.34, A treatment uso under a
satment protocol may begin 30 daya
ser FDA recelves the protocol or on

rlier notification by FDA that the

stment use described in the pretacol

1y begin.

1) A treatment protocol is required
contaln the following:

i) The intended use of the drug.

il) An explanation of the rationale

~use of the drug, including, as appro-

Ate, either a list of what available

timens ordinarily should be tried be-

‘2 vsing the investigational drug or
explanation of why the use of the
restigational drug is preferable to
y use of available marketed treat-
ints.

1ii) A brief description of the criteria
' patient, selection.

{v) The method of administration of
+drug and the dosages.

v) A description: of clinical procs.
res, Iaboratary teats, or other meas-
1 to monitor the effects of the drug
dttominimiy X

e eh il idmomw*i‘f*f “ boodend i Adminlstraﬂon hits ™

ADA tm&menb profocol is to bu sup-
ported by the following:

(1) Informational brochure for sup-
Dlying to each treating physician.

(i) The technical information that is
relevant to safety and effectiveness of
the drug for the. (ntended treatment
purpose. Information contalned in the

sponsor's IND may be incarporated by
reference,

{11} A commitment bv the sponsar Lu
asaure compliance of all partisipating
{nvestigatora with the Informed con-
gent requirementa of 21 CFR part 50.

{3 A Ycensed practioner who recelves
an investigational drug fot treatment

“Investigator” under the protacol and
{3 responsible for meeting all applica-
ble Investigator vesponsibilities under
this part and 21 CFR parts 50 and 56

(b} Treatment IND submilled by {i-
censed practitioner. (1) If a Heensed med-
jeal practitioner wants to obtain an in
vestigational drug subject to a cone
trolled clinical trial for a treatment
use, the practitioner should first at.
tempt to oblaln the drug from the
sponsor of the controlled trial under a
treatment protocal. If the sponser of
the controtled clinical investigation of
the Qru. <1l not establish a treabment
protocol for the drug under paragraph
(a) of this section, the licensed medical
practitioner may seek to obtain the
drug from the sponsor and submit &
treatment IND to FDA requesting au-
thorization to use the investizational
drug for treatment use. 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 fs required to
contain the following:

{t) A cover sheet (Form FDA 1871)
meeting §312.23(R)(1).-

(11} Information (when nat provided
by the sponsor) on the drug's chem-
istry. manufacturing, & . .ontrols, and
prior clinical and nonclinical experi-
ence with the drug submitted in ac-
cordance with §312.23. A sponsor of 3
clineal investigation subject to an IND.
who supplies an investigational drug to
a licensed medical practitioner for put-
poses of & separate treatmant clinical
investigation shall be desmed to su-

tharize the incorporation-Dy-reference

[,

31236 Emergenc

,’
Vit

of thn technlcal lnrurrnatlon cont.amad
in the sponsar's IND into the medical
practitioner's treatment IND,

{1i1) A statement of the ateps taken

- by the practitioner to obtain the drug

under a treatment protocol from the
drug sponsor.

{iv) A treatment protocel contalning
the-same information llsted (o para-
graph (a)}) of tois section.

(v) A statement of the practitioner's
qualifieations to use the tovestiga-
tional drug fof the intended treatment
use,

{vi) The practitioner's umtement of
famil{arity with information on the

drug's safety and effectiveness derived

from previous ¢linical and nonclinical
experience with the drug,

" (vil) Agresment to report to FDA
safety Information {n accordance with
§12.32.

(3) A leensed practitioner who sub-
mits & treatment IND under this sec.
tion la the sponsor-investigator for
such IND and is responsible for meet-
{ng all applicable sponsor and investi-
gator respongthilitles under this part
and 21 CFR parts 50 and 56.

" (Callectlan of information renuirements ap-

prosed by the Office of Manacement and
Budeet under control number 1910-0014}

(52 FR 1970, May 22, 1887, ax amended at 57
FR 19249, Apr. 15, 1962)

use of an inves
tigational new

Need for an investigational drug may
arise {n an emergency sitvatlon that
does not allow time for fubmisston of
an IND-in accordance with §312.23 or
§31L34. In such a case, FDA may au.
thorlze shipment of the drug for a epec-
fied use in advance of submlssion of an
IND. A request for such authorization
may be transmitted to FDA by tele-
phone or other rapid communication
means, For investigational hiologleal
drugs. the request should Le directed to
the Division of Blological Investiga-
tional New Drugs (HFB-230), Center for
Blologles Evaluation and Research,
8800 Rockville Pike, Bethesdr, MD
20802, 3014434864, For all other inves~
tigational drugs, the request for au-
tharization should he directed to the

_ Ducument Management and Reporting

Branch (HFD-59), Center (or Drug Eval-
tation and Research. 5600 Flshers Lane,

r
q.

) [ 2
B3
. ".m‘- .

5312.40

Rockville, MD 20857, 301-44343%, After
normal working hours, eastern stand-
ard time, the request should be di-
rected to the FDA Divislon vi Emer-
gency and Epidemiological Qperations,
202-857-8400, Except 1o extraordipary
circumstances, such authorization will
be conditioned on the sponsor making
an appropriate IND submisslon a8 scon

ad practicable after reoelvlng the au-
thorization.

Y
PTE R LN

{Collection of information vequirementa ap-
proved by the Office of Management and
Budget under control number 0310-0014)

(52 FR 8831, Mar, 19, 1987, a5 amonded at 52
FR 20031, June 17, 1987, 55FR11519 Mar. 8,
1590

§312.38 Withdrawal of an IND,

(2) At any time a sponsor may with- -
draw an effective IND without preju-.

dlce.

(b) If an IND ia withdrawn, FDA shall
be so nofifled, all clinical investiga-
tions conducted under the IND shall be
snded, all current investigators noti-
fied, and all stocks of the drug re
turned to the sponsor or otherwise dis-
posed of ab the request of the sponsar
{n accordancs with §3L2.59,

{¢) 1 an IND s withdrawn becauss of
a salety reason, the sponsor shall
prompily 8o inform FDA, all partici-
pating investigators, and all reviewing

Institutional Review Boards, together .

with the reasons for such withdrawal,

(Collection of information vequirements ap-
proved by the Office of Management and
Budget under.control;number 0910-0014)

(52 FR 4501, Mar. 10, 1987, as amended at 52
FR 23031, June 17, 1987]

Subpart CAdminisraive Actions

§312.40 General requirements for use
of an investigational new drug in a
clinical tavestigation,

(a) An investigational new drug may

he used 1o a clinleal fovestigation if

the {ollowiry: conditions are met:

(1) The sponsar of the investigation
submits an IND for the drug to FDA:
the IND 18 In effect under paragraph-(b)
of thig section; and the sponsor com-

plies with all applicable requirements
in thig part and parts 508 6 with re-
spect to the conduct of & Inical fne
vestigations; and
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() Bach pacticipating favestigator
sondugts his or her investigation in
sompliance with-the requirements of
‘his part and parts 50 and 5.

(b) An IND goes into effect:

(1) Thirty days after FDA recefves
‘he IND, unless FDA notifles the spon-
0r that the investigations described in
he IND are subject to a-clinical hold
inder §312.42; ot

(2) On earlier notification by FDA
hat the clinleal investigations in the
ND may begin. FDA will notify the
pongor in writing of the date 1t re.
elves the IND, '

{¢) A sponsor may ship an {nvestige.
lonal new drag ta {nvestigators named
1 the IND: :

(1) Thirty days after FDA recefves
he IND; or S

(2) On earlier FDA authorization to
hip the drug: ‘

(d) An investigator may not admin-
jter an {nvestigational new drug-to
uman subjects until the IND goes into
ffect ynder paragraph (b) of this sec-
fon,

31241 Comment and’ advice on 'an
mDO

(a) FDA may at any time during the
ourse of the lnvestigation commu.
jeate with the spobsor orolly or in
riting about deficiencies in the IND
r about FDA's need for more data or
formation.

(b) On the sponsor's request, FDA
{11 provide advice on specific matters
siating to ap IND. Examples of such
dvice may include advice on the ade-
uacy of technical data to support en
westigational plan, on the design of &
nlcal trial, and on whether proposed
westigations are likely to produce the
ata and Information that 18 needed to
jeet requirements for a marketing ap-
lication.

{¢) Unless the communication 18 ac-
mpanied by & clinical hold order
nder §31242, FDA communications
{th  sponsor under this section are

clinfea) investigations or rga?pnse' to

thesgency. o ‘
(Collection of {nformation requitements ap-

proved by the Offies of Management and
Budget under control number 0910-0014)

52 FR 8831, Mar, 19, 1687, ns amended at 52
FR 23001, June 17, 1987)

$312.42 Clinieal holds and requests for
modification,

() General, A clinieal hold §s an order

{ssued by FDA Lo the sponsor to delay

a proposed clinical investigntion or to

suspend an ongoing investigation, The

clintcal hold order may apply to one o
more of the {nvestigations covered by
an IND. When a groposed st~y is
placed on clinfcal hbId, subjec. may
not be given the-investigational dtug.
When an ongolng study Is placed on
clinfeal hold, no new subjects tnay be
recrutted to the study and placed on
the -Investigational drug. patlents al-
ready in the study should be taken oft
therapy involving the investigatlonal
drug unless specifically permitted by
FDA in the interest of patient safety,

(b) Grounds for imposition of “nfcal
hold(1) Clinfcal hald of u Phase I study
ynder an IND, FDA may place & pro-
posed or ongoing Phase 1 investigation
on clinfcal hold if it finds that:

{1) Human subjecta are or would be
exposed to an unrensonahle and signifl-
cant rlsk of {1lness or infury:

{15y The.clinlcal investigators nemed

“{n the IND are not qualified by reason

of their sclentific training and exper-
ence to conduct the investigation de-
seribed in the IND:

(i) The investgalor Lrochure I
misleading, errone~us, or materfally
Incomplete; or

(iv) The IND does not contain safff-
clent Information required under

§312.23 to assess the risks to subjects of ‘

the proposed studles,

(2) Clinical hold of @ Phose 2 or J study
wnder an IND. FDA may place a pro-
posed ot ongoing Phase 2 or J dnves-
tigation on clinfeal hold 1€ it finds
that: .

(1) Any of the conditions In pate-

¢ rwws W MUY AUITINISTTTION, HHS

1

(i1) The plan ot protacol for.the in.
vestigation {s clearly deficent In de.
stgn to meet 118 staled objectives,

(3) Clinfeal hold of a treatment IND
or treatment protocol.

(1) Proposed use. FDA may place a
propoed treatment IND or treatment
protocol on clinleal houd if 1t is deter-
mined that: . ' '

(A) The vpertinent criteria in
§312.34(b) for permitting the treatment
u3¢ Lo hegtn are not satisfled: or

(B) The treatment, protocol or treats

ment IND does not contain the {nfor-
matlon required under §312.35 (a) or (b)
to make the specified determination
under §312.34(b),
(1) Ongotng ‘use, FDA may place an
ongoing treatment protocol or treat.
ment IND on clinfcal hold if 1t i deter-
mined that:

(A) Thete becomes available a com.
patable or satlsfactory alternative
(rug or other therapy to treat that
stage of the disease in the Intended pa-
teni population for which the inves-
tigational drug s being used;

under investigation in a contrelled
clits. al trixl under-an IND in effect for
the trial and not all controlled clinfcal
trlals necessary to support & mar
keting application have been com-
pleted, or a clinical study under the

" IND has been placed on clinieal hold:

(C) The sponsor of the controlled
clinical trial s not pursuing marketing
approval with due dillgence;

(D) If the treatment IND or treat
ment protocol s {ntended for & serious
disense, thers {8 insufficient evidence
of safety and effectiveness to support

Auch use; or o
* (B) I the treatment protacol or.

treatment IND wag based on an tmme.
diately - life-threatening dfsease, the
available selentific evidence, taken as
a whole, falls to provide a reasonable
basis for concluding that the drug:

1) May be effective for its intended

~use in its {ntended population; or

{¢) Would not expose the patients to
whom the drug 13 to be sdministered to
an unreasonable and significant addi-

§ina

(0)AN1) through (b)(d)witt) of this sew
tion apply, :

(4) Clinfcal hold of any study that {s -
not designed to be adeguate ang tellcon.

~ frolled, FDA mag place & proposed or

ongoing investigation that is not de
signed %o be adequate and well-con.
trolled on clinical hold if it finds that:

- (1) Aoy of the conditions in para-
graph (b)1) or (b)2) of this section
apply; or '

'(11) There Is reasonable evidence the
Inveatigation that I not designed to be
adequate and well-controlled (s imped.
ing entoltment in, or otherwise It
fering with the conduet or completion
of, & study that is designed to be an
adequate and well-controlled (nvestiga.
tion of the same or another {nves
tional drug; or s

(11) Insufficient quantities of the in-
vestigational drug exist to adequately
¢onduct both the investigation that fs
nob designed to be adequate and well-
controlied and the investigations that -
are designed to be adequate and well-

‘ - controlled; or
(B) The Investigational drug s not

{1v) The drug has been studled tn one

- or more adequate and well-controlled

investigations that sivongly suggest
lack of effectivencss; or | _

(v) Another drug under {nvestigation
or approved for the same indication
and avalable to the same patient popu
lation has ‘demonstrated o better po-

tential beneflivrisk balance; or

(v) The drug has recefved marketing
approval for the same indication in the
same patient population; or

(vi1) The sponsor of the study that s
designed to be an adequate and well
controlled investigation i3 not actively
pursuing marketing approval of the in-
vestigational drug with due diligence;
or

(vill) The Commissioner determines
that It would not be in the pablic inter
esf for the study to be conducted or

- continued, FDA ordinarily intends that

clinical holds "under paragraphs
L), DAL and (B)4)v) of this
section would only apply to additional
enrollment {n nonconcurently cone
trolled trials rather than ellminating

MNely advisory and do not require eny  graph (WD tl}mugh (fv) of this sec- tlonl risk Slillnessorinjury, . . contlnued access to Individuals already
10dification f the planned or ongotng  ton apply; or (iL1) FDA may place a proposed or on-  receiving the Investigational drug, _
, : . . golng treatment [ND or treatment pro-  (5) Clintcal hrid of any tnvestigation in-

. _ . tocol on clinleal hold §f it finds that . velving an e:mrigr;,[m informed. con-.,
[ i e g of mg;‘%%%%gm I pagsgraph”™ set under $90.240f 'this ¢t ."FDA".
o 2 ' Y : o

.'.; ‘ :"I ._’_,' o !, - I'- o | m
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Lo s
may plauu prnposad or ohgolng invas-

tigation involving an exception from
Informed consent under §50.24 of this
shapter on clinical -hold if it is deter-
nined that:

{1) Any of the conditions in para-
maphs (bX1) or (bX2) of this section
wlyar -

{11) The pertinent criterta In §50.24 of
his chapter for such an investigation
0 begin or continus are not submitted
i not satisfied.

(¢) Discussion-of deficiency. Whenever
DA concludes that o deficlency exists
0 & clinical {nvestigation that may be

Tounds for the imposition of clinical

wold FDA will, unless patients are exs
osed to immediate and serious risk,
ttempt to discuss and satisfactorily
esolve the matter with the sponsor be
are 13sning the clinical hold order.

(d) Imposition of clinical hold, The
linical hold order may be mads by
elephone or other means of rapid com-
unication or in writing. The clinical
old order will identlfy the studles
nder the IND to which the hold ap
lies, and will briefly explain the beals
or the action, The clinfcal bold order
11l be made by or on behalf of the Di-
{slon Director with responsibility for
sviow of the IND. As soon as possible,
nd no more tha: 30 days after imposi-
ion of the clinical hold, the Diviston
frector will provide the sponsor a

old.

(6) Resumption of clinical investiga-
ons. An investigation may only re.
1me after FDA (usually the Divislon
irector, or the Director's designes,
ith responsibility for review of the

D) has notified the sponsor that the

ivestigation may proceed. Resumpe
on of the alfected investigation(s)
ill be antborized when the sponsor
yrrects the deficlencylles) previously
ted or otherwise satisfies the agency
1t the investigation(s) can proceed,
DA may notify & sponsor of it deter-
ination regarding the clinical hold by
Aephono or other means of rapid com-
nnication. If a sponsor-of an IND that
13 been placed on clinical hold re-
lests in writing that the clinical hold
y removed and submits a complete re-
lonse. to the ssue(s) identified in the
Inical hold order, FDA shall respond

- 52) CR O F {41499 ion)

e 1'}'
endar daye of mcelpt. of the reque% R

the complete response. FDA's response
will sither remove.or maintain the

clinical hold, and will state the reasons

for such determination, Notwith-

standing the $0-calendar day response

time, a sponsor may not proceed with a

clinical trfal on which a clinizal hold

has been imposad until the sponsor hes

been notifled by FDA that the hold has
* been lifted.

(D) Appeal. U the sponsor disagrees-
with the reasons’clted for the clinfcal
hold, the spomsor may request recon-
slderation of the decision In accord-

ance with §312.48,
() Conversion of IND ont clinical hold

to fnactive status. 1f all (nvestigations

covered by an IND remain on clinical
hold for 1 year or more, the IND may
be placed on Inactive status by FDA
under §312.45,

(52 FR 8831, Mar. 19, 1687, as amended at 5

FR 1T, May 22, 1087 57 FR 13240, Apr. 35, -

1992, 61 FR 31000, Oct, 2, 1996; 63 FR 68478,
Dec. 14, 19%9)

. E7vECTIVE DATE NOTE: At 63 FR 63676, Dec,
16, 1998, §312.42 was amended by revising
paragraph (e), effsgtive Apr, 28, 1689, For the

convenlence of the user, the superseded text
follows:

181242 Clinical holds and requests for
modification,

Titten explanation of the basis for the

% ¥ 1 ¥

-[8) Resumption of elinicgl investigations. 11,
by the terma of the clinical hold arder, re-
sumption of the affected invastigation Is per-
mitted without prior notification by FDA
once o sated correction or moifieation Is
made, the investigation may procsed as soon
a8 the corractlon of modification is made. In

all other cases, an inveatigation may only.
resume aftar the Divialon Director {ar the

Diractor's designea) with respanaihility for
review of the IND hes notified the sponsor
that the investigation may proceed, In these
cases resumption of the alfected investiza-
tien(s) will be authorized whan the sponsor
corvects the deflolency(ies) praviously clted
or othorwlse satiafled the agency that the ln-
vertigation(s) can proceed, Resumption of &
study mav be authotised Uy telephons or
other means of rapid communication,

* * * '

rwriting to t¥ ponsor within 30-cals

na

- Foeﬂvund Dmg Adminlstrahon, HHS

' §31244 Termination,

(a) General. Thig section describes the
procedures under which FDA may tar-
minate an IND, If an IND {s terml-
nated, the sponsor shall end all clinical
investigations conducted under the
IND and recall or otherwise provide for
the disposition of all unused supplies of
the drug. A termination action may be
based on deftolencies o the IND or in
the conduct of an {nvestigation under
a0 IND, Except as provided in para-
graph (d) of this section, a 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 informally or, when
appropriate, through the clinfcal hold
procedues dedcribed in §312.42,

(b) Grounds for {ermination~{1) Phase

1, FDA may proposs to terminate ah
IND during Phase 1 if It finds that:

{1) Human subjects would bs exposed
to an unreasonable and aign.‘lﬁmt risk
of illness or wajury,

(i) The IND does not contain suifi-
clent information required under
§312.23 to assess the safety to subjects
of the clinical investigations,

(11i) The methods, factities, and con-
trols used for the manufacturing, proc-
essfng, and packing of the investiga-
tional drug are {nadequate to establish
and maintain appropriate standards of

identity, strangth, quality, and purity .

a8 needed for subject safety.
(iv) The clinlcal 1nve§tigations are

heing conducted 1o & mabner substan- .

tlally different than that described in
the protocols submitted in the IND.

(v} The drug {8 being promoted or dis-
tributed for comimercial purposes not
justitled by the requirements of the fn-
vestigation or permitted by §312.7,

(vi) The IND, or any amendment or
report to the IND, contains an untrue
statement of a materlal fact or omits
material information required by this
part,

{vit) The sponaor faile pl":m*u:t.lsr to In-
vestigate and inform the Food and
Drug Administration and all Investiga-
tors of serfous and unexpected adverse

_ sxperiences in accordance with §312.32

" or falls to make any other report re-

quired under this part.

ey +

Vlee,
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{vlll} The sponsor Ialla to submit an
accurate angual report of tha inves.
tigations in accordance with §312.3.

(ix) The sponsar fails to comply with
any other applicable. requirement of
this part, part 50, or part 58,

(x) The IND has remalned on {nactive
status for § years or mora,

(xi) The sponsor {alls to delay & pro-
posed investizgation under the IND or

that has been placed on clinical hold
under §312.42(b)4)..

A(2) Phase 2 or . FDAWMW&O
terminate an IND during Phase 2 or
Phage 3 {f FDA finds that;

(1) Any of the conditions in para~
graphs (d)(1)(E) through (0)IXxd) of this
gection apply; or

(1) The investigational plan ot pro-
tocol(s) 8 not reasonable 48 a bona fide
sclentific plan to determine whethsr ov

“to suspend an ongolng {ovestigation

-

not the drug is safe and effective for

use; or

(i) There s convincl.ng evidence
that the drug is not effactive for the
purpose for which it is being {nves-
tigated.

(3) FDA may propose to terminate a
treatment IND f 16 finds that;

() Aoy of the conditions {n para~

graphs (b)(1)1) through (x) of this sec-

‘tion apply; or

() Any of the conditions fn
§312.42(b)(3) apply. '
(c) Opportunity for sponsor response,
(1) If FDA proposes to fterminate an
IND, FDA will notify the ‘sponsor In
writing, and {nvite correction or expla-

nation within a period of 30 days.

{2) On such notiffcation, the sponsor
may provide a written explanation or
correction or may request & conferance
with FDA to provids the requested ex-
planation or corvection. If the sponsor
does not respond to the notification

shall be terminated.
{3) 1f the sponsor responds but FDA
does not accept the explanation or cor-

rection submitted, FDA shall fnform

the sponsor in writing of the reason for
the nonacceptance and provide the
aponsor with an opportunity for a regu-
latory hearing before FDA under part
16 on the question of whether the IND
should be terminated. The-~~onsor's re-
queat for a regulabory be g must be-
made within 10 days of mpgpaqr‘%

© within the allocated time, the IND -
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“recelpt of FDA' notification of non-
acceptance,

(d) Immediate termination of IND. Not-
withstanding paragraphs (a) through
(¢) of this section, {f at any time FDA
concludes that continuation of the in-
vestigation presents an immediate and
substantial danger to the health of in.
dividuals, the agency shall imme-
diately, by written notice to the spon-
gor {rom the Director of the Center for
Drug Evaluation and Research or the

Director of the Center for Blologles

Evaluetion and Research, terminate
the IND. An IND so terminated fa sub-
Ject 0 relnstatement by the Director
on the basls of additiona) submissions
that eliminate such danger. If an IND
{3 terminated under this paragraph, the
agency will afford the sponsor an op-
portunity for a regulatory hearing
under part 16 on the question of wheth.
er the IND should be reinstated.

{Collection of information reéulremems ap-
proved by the Office of Management and
Budget under control number 0310-0014)

(52 FR 8801, Mar. 19, 198, &5 amended at 52
FR 22081, Jue 17, 1987 85 FR 11578, Mar. 2,
1080 5TFR 1000, Apr. 15,209)

§31245 Inactive status,

(a) If no subjects are entered into
¢linfeal studtes for & period of 2 years
or more under an IND, or if all inves-
tigations under an IND remain on ¢lin-
fcal hold for 1 year or more, the IND
may be placed by FDA on {nactive sta-
tus. This action may be taken by FDA
either on request of the sponsor or on
FDA's own initiative, If FDA seekts to
act on its own initlative under this sec-
tion, it shall first notify the sponsor in
writjag of the proposed inactive status.
Upon recelpt of such notification, the
sponsor shall have 30 days to respond

a3 to why the IND should continue to -

Temain active.

(o) If an IND s placed on fnactive
status, ail investigators shall be so no-
tifled and all stocks of the drug shall
be returned or otherwise disposed of fn
accordance with §312.5.

(c) A sponsor 13 not required to sub-
mit annual reports to an IND on inac-
tlve status, An inactive IND s, how-
ever, still in effect for purposes of the

public disclosure of data and informa»-

wA 1.f"

.,t.tm under §312 130@

2. PR Ch.{ (d~1-99 Eefcr*

() A sponsor who Intends to resame

clinfcal investigation under an IND
placed on inactive statuy shall submis
& protocol smendrment under $312.90

containing the proposed general fnves -
‘tigational pian for the coming year and

appropriate protacols, If the protocol
amendment relies on {nformation pre.

viously submitted, the plan shall ref- |

erence such information, Additional in
formation supporting the proposed in-
vestigation, if any, shall he submitted
in an information amendment, Not
withstanding the provisions of §312.30,
clinical investigationa undér an IND on
Inactive status may only résume (1) 30
days after FDA recelves the protocol
amendment, uniess; FDA notiffes the
sponsor that the investigations de.
scribed in the amendment are subfect
to a clinical hold under §31242, or (2)
on earlier notification by FDA that the
¢linical investigations deseribed in the
protoco] amendment may begin.

(e) An IND that remains on inactive
status for 5 years or more may be ter-
minated under §312.44,

{Coliection of information renuirements ap-
proved by the Office of Management and
Budget under control number (310-0011)

{50 PR 8331, Mar, 19, 1987, o amented at 5
'FM&U&] June 10,3080 - -

§31247 Meetings.

(8) General, Meetings between & spon

sor and the agency are {requently use
ful in resolving questions anu lssues
ralged during the course of a clinjeal
investigation. FDA enhcourages such
meetings to the extent that they aid In
the evaluation of the drug and i the
solutton of sclentific problems con-
cerning the drug. to the extent that

FDA's resources permit, The general .

principle undetlying the  conduct of
such meetings {8 that there should be
free, full, and open communication
about any scientific or medleal ques

tion that may arise during the clinfeal

investigation. These meet{ngd shall be
conducted and 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,
meetings between FDA and 4 sponsor
can be especially helpful fn minimizing

astpful ‘expendlffes of time ﬂiﬂ‘

H[],

"-',: term of- such &

food and Dr__ug Admlnishaﬂpn. HHS

money and thu~ In spesding the drug
development and evaluation process, In
partioylar, FDA g found that meets
ings «u the end of Phase 2 of an inves
tigation (end-of-Phase 2 meetings) are
of considerable asslstance in planning
.ter studles and that meetings held
pear completion of Phase & and before
submission of a marketing application
(“pre-NDA" meetings) are helpful in
developing methods of presentation
snd submission of data In the mam

keting application that facilitate re-

view and allow timely FDA response,

(1) End-of-Phase 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-
ness, and to Jdentify any additional ipe
formation necessary to support & mar
keting application for the uses under
investigation,

(1) Eligtbiiity for meeting, While tha
end-of-Phase 2 meeting Is designed pit-
marily for IND's involving new molec.
ular entities or major new uses of mar-
keted drugs, a sponsor of any IND may
request and obtain an end-of-Phase 2
meeting,

(441) Timing, To be most useful to the
sponsor, end-of-Phase 2 meetings
should be held before major commite
ments of effort, and resources to spe-

cific Phase 3 tests are made. The sched-

uling of ag end-of-Phase 2 meeting is
not, however, intended to delay the
transition of an investigation from
Phase 2 to Phase 3,

(v} Advance information, A% least 'l
month {n advapee of . end-of-Phase I
meeting, the sponsor should submit
background Infarmation on the spon-
sor's plan for Phase 3, Including som-
martes of the Phase 1 and 2 {nvestiga-
tlons, the spectfle protocols for Phase §
clinical studies, plans for any addis
tional nonelini¢al studies, plana for pe-

‘datele studles, including & time line

for pratocol finalizatlon, enroliment,

§3247
ual Guide 4850.7 that {3 pablicly avails
able under FDA's public {nformation
regulations in part 20,

(v) Conduct of meeting, Arrangements
for an end-of-Phase 2 mesting are to be
made with the division in FDA's Center
for Drue Evaluation and Research or
the Center for Biologics Evaluation
and Resecrch which 18 responstble for
teview of the IND. The mesting will be
scheduled by FDA at o time conventent
to both FDA anc the sponsor, Both the
sponsor and FDA may bring consult
ants to the meeting. The meeting
should 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 particalar studies, The adequacy of
the technical information to support
Phase 3 studies and/or & marketing ap-
plication may also be discnssed, FDA
will also provide its best judgment, at
that time, of the pediatric studies that
will be required for the drug prodact
and whether their submission will be
deferred until after approval. Agree-
ments reached at the meeting on these
matters witl be recorded in minutes of
the conference tha #1ll be taken by
FDA in ccordance with §10.65 and pro-

‘vided to the sponsor. The minutes

completion, and data analysis, or infor-,

matfqn to support any plantied request
{or walver qf deferral of pediatric stud.
{eg, and, If available, tentative labeling

" for the drug. The recommended cop-
. stbmission are,de~.

£bed more I ly ln FDA Staff Mane

0t

along’ with any other written materfal
provided to the sponsor will serve as a
permanent record of any agreements
reached. Barting a significant sef-
entific development that requires othe
erwise, studies conducted in accord-
ance with the agreement shall be pre-
sumed to be sufficient {n objective and
design for the purposs of obtaining
marketing approval for the drug.
(2) "Pre-NDA" and “presBLA" meet

{ngs, FDA has found that delays assocf
ated with the initla) review of a mar-
keting application may be reduced by
exchanges nf {nformation about & pro-
posed marketing application. The pri-
mary purpose of this kind of exchange
I8 to uncover any major uwnresolved
problems, to identify those stadies that
the sponsor is relying on as adequate
and well-controlled to establish the
drug's effectiveness, to identify the
status of ongoing or needed studies
adequate to assess pediatric senty and -

effectiveness; o acquatnt FTM \ peview. o

ers with the'general infory * “u £5 be' ¢
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' nnlun!tterl in tha merkoting applica-

won ncluding technical information),
10 discuss appropriate methods for sta-
-Watical analyals of the data, and to dis-
cuss the best approach 1o the presen.
\atlon and formatting of data In the
marketing application. Arrangsments
for such a meeting 572 to be initiated
by the sponsor with the division re-
sponsible for review of the IND. To per-
mit FDA to provide the sponsor with
the most useful advice on preparing &
marketing application, the sponsor
should submit to FDA's reviewing divi-
sion at least L month tn advance of the
meeting the Jollowing information:

(1) A brief summary of the clinical
s};udias 10 be suhmithed In the applica-
tion

(1) A pr méed format, for organfaing

*the submigsion, including methods for

presenting the data,
(1) Information on the status of
needed or ongoing pedlatric studies,
(iv) Any other information for discus.
sion at the mesting.

{Collection of injormation requirameonts ap-
proved by the Office of Management and
Budiat under control number (910-0014)

(52 FR 8831, Mar, 18. 197, ds amended s} 52
FR 23031, June 17, 1687, 35 PR 11360, Mar, 29,
1990: 8 R 66669, Dec. 2, 1958)

§31248 Dispute vesolution,

(a) Gemeral, The Food and Drug Ad-
ministration "5 commitbed Yo resolving
differences between sponsors and FDA
reviewing divisions with respect to re-
quirements for IND's ag-quickly and
amicably as possible through the coop-
erative exchangs of information and
views,

(b} Administratfve and procedural
fssues. When administrative or proce-
dural disputes arise, the sponsor shoald
firat allempt to vesolve the matter
with the divislon in FDA's Center for
Drue Evaluation and Research or Oene
ter for Blologics Evaluation and Re-

g 5 AR Tk

man fnclude resolving, difficulties fn
scheduling meetings and obtafning
timely replies to inquiries, Further de-
tails on this procedure ara contained it
FDA Staff Manual Guide 4820.7 thal {s
publicly avaflable under FDA's public
information regulations tn part 0.
(c) Scientific and medical mspum {

When_ sctentific or medical disputes
arise during the drug - investigation

process, sponsors should discuss the |

matter directly with the responsible
reviewing officlals. If necessary. spon-
sors may request a mesting with the

. appropriate reviewing officials and

management representatives in order
to seek a resolution, Reaests for such
meetings shall e directed to the direc
tor of the division in FDA's Center for
Drug Evaluation and Research or Cen-
ter for Biologics Evaluation amd 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 and thal -

can be scheduled at mutually conven-

_ent times,

(2) The "end-of-Phase 2 and “pre.
NDA" megtings described in §312.470)
will also provide a timely forum for
discussing and resolving sclentific and
medical issues on which the sponsor

“disagrees with the agency,

(3) Tnrequestini. a meoting designed
to resolve a aclentiflc or medical dis.
pute, applicants may suggest that FDA
seck the advics of outside experts, in
which case FDA may, tn 1ts dlscrotion,
Invite to the mesting ane or more of its
alvisory committes mombers or other
consultants, as designated by the agen-

cy. Applicants may rely on, and may -

bring to any mesting, their own con-
sultants, For major sclentific and meds

" fcal poliey 1ssues not resolved by fnfor-

search which is vesponsible for review .

of the IND, veginning with the con-
sumer safety officer assigned to the ap-
plication, If the disputa is not resolved,
the sponsor may raise the matter with
the peioon designated as ombudsman,
whose function shall be to investigate
what has happened and to facilitate a
tmely and aqulume resolution. Appro-
priate fasues ~valse with the ombuds-

An

mal mestings, FDA may refer the mals
ter to one of its standing advisory com.

mittees {or its consideration and rec-

ommendations,

{52 FR 8831, Mar, 19, 1997, a3 umnmlud ak 58
FR 11580, Mar. 29, 1950

-Subpart D—Responsibilfies of
Sp_onsOrs and Investigators

§31250 General re#ponsibilities of |

§pOns0rs:

Sponsons ars resposible for ety |
(ng qualified {nvestigators, providing |

o

—

. _,{Foécl ort Dwg Admim:traiton HHS

' tham with the tnformation they need

to conduct an {nvestigation properly,
ensuring proper monitoring of the In-
vestigation(s), ensurlng that the {nves-
tigation(s) i conducted in accordance
with the geiieral (nvest(gational plan
a0d protocols contained in the IND,
maintaining an effective IND with re-
spect to the fnvestigations, and epsur-
ing that FDA and all participating in-
vegtigators are promptlv informed of
slgnificant new adverse oifucts ot risks
with respect to the drug. Additfomal
spociflc responsibilities of sponsors are
describad elsewhere {n thir part.

§312.52 Transfer of obligations to 8
contract ressarch organization.

(R) A sponsor may transfer responsi-
bility for any or all of the olligations
get forth In thia part to a contract te-
search organization. Any such transfer
shall he eseribed [n writlog  notall
obligations are transferred. the writing
s required to describe each of the abll-
gations being assumed by the contract
research organization, If all obligations
ate btransferred, a general statement
that all obligations have been trans-

ferred Is acceptable, Any obligation not’

govered hy the written description
ghall ba deamed nat to have been trans:
forred. '

(b) A contract research organization
that assumes any obligation of a spon-
sor shall comply with the specific regu-

lations in this chapter applicable to -

this obligation and shall be subject to
the same regulatory action as a spon-
sor for failuve to comply,with any obli-
gation assumed under [hhm regula-
tions. Thus, all references to “sponsor”
in this part apply to a contract re-
search organization to the extent that
it assummes one or more ohﬂg&ﬂon& of
the sponsor.

131288 Selecting investigators and
monitors,

(a) Selecting investigntrrs, A apomsor
shall select only {nvestigators qualified
by training ant experience as appro-
priate experts to investigate the drug,

(b) Control of drug. A sponsor shall
ship Investigational new drugs only to
{nvastizators participating in the ln

* vestigation.

") Olaiing infrmation fom he i
vestiqator, Before permitting an investi-

Lot
S :r'it*’

5312,53 -
gator to begin participatlan in an {n-
vegtigation, the sponsor shall obtaln

the lollowlng:
(1) A signed i{nvestigator stat.emenl.

" {Form ¥DA-1572) contalning:

({) The name and address of the io-
vestigator;

(i) The name and cods number, if
any, of the protocol(s) in the IND iden-
tifying the study(les) to be conducted
by the investigator,

(ill) The name and address ol any
medical school, hospital, or other re-
gearch facility where the clinical inves- ¢
tigatlon(s) will ba conducted;

{iv) The name and-address of any
olinical laboratary facilities to be used
in the study,

(v) The name and address of the IRB
that is responsille for review and ap-
proval of the study(ies),

(v) A commitment by the investi-
gator that he or she:

(o) Will conduct the study(les) in ac-

“cordance with the relevant, carrent

protocol(s) and wil) only make changes
in a protacol after notifylng the spon-

80T, except when necessaly to protect -

the safety, the rights, or welfare of
subjects;

(b) Will comply with all requirements
regarding the obligations of clinical fn-
vestigators and all other pertinent re-
qulrements in this part;’

fry Will personally conduct or super-
vise the described investigation(s);

{d) Wil inform any potential subjects
that the drugs are being used for {nves-
tigational purposes and will ensure
that the requirements relating to ob-
taining informed conssnt (21 CFR. part
50y and [nstitutional review howrd te-
viaw and approval (21 CFR part 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

(g) Will ensure that all associates,
colleagues, and employees asalsting {n
the conduct of the stady(les) are in-
formed about thefr obligations in
mesting the above comm“~ents. -

(vil) A commitment . e Investl-

gator that, for an 1nveaas=19g{ yheg
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() Selecting munltors, A sponsor shall
selert, . monitor qualified by - “alng
and experience to monitor the progress
of the investigalion,

(Collection of information. requirements ap-
proved hy the Offtce of Managemen'. il
Builget under control number 0910-0014)

(52 FRA%31. Mar, 19, 1987, as amended at 52
PLL 2wt June 17, 1987 £) KR G700, Now., 5,
"1900: 63 PR 5262, Peb, 2. 1990]

t9 an [nstituttonal review requirement
under -part 56, an IRB that complies
with the requirements of that part will
be responsible for the initial and con-
tinuing review and approvel of the clin-
{cal Investigation and that the Investi-
gator will promptly report to the IRB
all changes in the research activiy and
all unanticipated problems Involving
risks to human subjects or others, and
will not make any changes in the re-
gearch without IRB approval, except
where necessary to eliminate apparent
fmmediate hazards to the human sub-
jects.

(vitt) A 1ist of the names of the sub-
{nvestigators (e.g., resedrch fellows,
residents) who will be assisting the in-
vestlgator n the conduct of the inves-
tigation(s),

(2) Cursiculum vilae. A curriculum
vitae or other statemen’ of qualifica-
tions of the {nvestigator.showing the
education, training, and experience
that qualifies the investigator a3 an ex-
pert {n the clinical investigation of the
drug for the use under {nvestigation.

(3) Clinteal protocol. (1) For Phase 1 in-
yestigations. & general outline of the
planned {nvestigation including the es-
timated duration of the study and the
maximum namber of subjects that will -
be Involved. _

(if) For Phase 2 or 3 Investigations,
an outline of the study protocol includ-
ing an approximation of the number of
subjects to be treated with the drug
and the namber to be employed a8 cone
trols, if any; the clinlcal uses to be n-
vestigated; chatacteristics of subjects
by age. sex, and condition; the kind of
clinleal observations and laboratory
tedts to be conducted; the estimated

duration of the study: and coples or &
description of case report {orms to be
used.

(4) Finanefal disclosure information,
Sulfietent accurate financial Informa-
tion to allow the sponsor to submit
complete and accurate certification or
disclosure statements required under

part 54 of this chapter, The sponsor
shall oblain & commitment from the
clinfeal Investigator to promptly up-
date this information If any relevant
 changes occur dating the course of the

$312.54 Emergency research under
§50,24 of this chapter. '
(a) The sponsor shall monitor the
progress of all investigations involving
an.exception from- informed consent
under §50.24 of thig chapter. When the
sponsor receives frotn the IRB informa
tion concerning the public disclosures
required by §50.24(Mi0 and (YY)
of this chapter, Lhe sponsor promptly
shall submit to the IND file and to
Docket Number 953-0158 in the Dockets
Management Branch (HFA-05), Food .
and Drug Administration, 12420 Park-

coples of the Information tht was dis-
closed, identified by the IND number.
(b1 The sponsor also shall monitor

TRB determines that It cannot approve
the research because it does not meet
the criterfa in the exception 1in
§50.24(8) of this chapter of hecause of

sponsor promptly shall provide this in-

tigators who are asked to patticipate
In-this or & substantially equivalent
clinical investigation, and other IRB's
that are askai to review this or & sub-
stantlally =quivalent lnvestigation.

{61 FR 51590, Oct. 2, 199)

§312.65 ]n[orminﬁmestlgatnru.

(a) Before the Investigation heging, &
sponsor (other than & sponsor-investi-
gator) shall give each participating

brochure containing the Informatinn
deserihed in §312.23(a)5).

o4

such investigations to Identify whenan

other relevant ethical concerns. The -

formation in wriling to FDA. inves-

clinfeal investigator an Investlgator |

(b) The sponsor shall, as the overall !
inveatigation proceeds. keep each par- .
ticipating investigator Informed of new |
ohservations discovered by or reported
to the sponsor on the drug, particu. i
i for 1 vear following * larly, with respect. to adverse effects " .

fawn Dr.. rm. 1-23, Rockville. MD 20881, .

i
i

Food and D.mg Administration, HMS

distributed to Investizators by m

of “sriodivally revised Invgstlgggi
Urochures, reprinis or published stud-
fes, reports of letters to elinical fnves.
tgators, or other appropriate means
;E;;oemie sagf:yedmfonnauon is re.

r to
-accordance with gmmlmmtigators "

(Collectinn of Infarmation requirer

3 quiremen
proved by the (Offfee of Mnm.gemen? m
Budget under control number 0910-0014)

152 FIL8R3L, Mar, 19, 1987, ag a '
FR2303L, June 11, 1987) mended Ft "

§31250 Review |
tions, of ongoing investige

a) Th sponsor shall monl
progress of all clinieal investi?:ttg:
belng conducted under fts IND. '

(b) A sponsor who discovers that an
investigator Is not complying with the
signed agreement (Form FDA-1572), *he
general fnvestipational plan, or the re-
quirements of thls part or other applis
cable parts shall promptly efther sa.
cure compliance ot discontinue ship.
ments of the Investlgational new drug
to the .investlgamr and end the lnves.
tigator's participation {n the fnvestiga.
tlon. If the tnvestigator's particlpation
i.. .ie Investigation 1s ended, the spop
sor shal require that the Investigator
dispose of or return the inveatigational
drug in accordance ‘with the require
ments of §312.59 und shall notity FDA.

(¢) The sponsor shall review and
evaluate the evidence relating to the
safety and effectiveness of the drug as
It 1 obtained from the Investigator,
The sponsors shall make suehi reports
to FDA regarding information relevant
10 the safety of the drug ag are ré.
quired under §312.32. The sponsor shall
gake annual reports on the progress of
: 31ez .;:;Tesclgation {n accordance \flth
(d) A sponsor who determines
nvestigational drug presents anﬁm

sonable and significant risk to subjects
shall discontinte those Investigations
that present the risk, notify FDA, all
Institutional review boards, and all ins
vestigators who have at any time pars
Heipated In the Investigation of the
iscont!" wnee, assure the disposition
of all.atucks of the drug outstanding as
required by §31259, and furnish FDA

-with-a full report;of the sponsor's. ae-

"ins. <The' sponsor’shall discontfnne

ne

§ingy

the nvestigation as soon as |
and [n no event later than 5”1!::11;1;
days after making the determination
that the investigation should be dis.
continued, Upon request, FDA will con."
fer with a sponsor on the nesq to dis-
cottinue an investigation.

(Collection of toformation

{ requirements

;rmdl by the Offics of Mansgement anp&
udget under control number 0910-0014) '

(52 FR 8831, Mar. 19, 1981 '
FR 20031, June 17, 1987) 49 amented at 5

§31257
m&“”“”‘w ond record e
(8) A sponsor shall ‘main
quate records showing themltc;::.
Shipment, ot other disposition of the'
nwestigational drug. These records are
required to nelude, as appropriate, the
~ hame Jf the fnvestipator to whon; the
211':18 g: tﬁa{m t:‘.nd the date, quantity,
or code mark ¢
ah(lbpment. ¢ mark of each such
) A sponsor shall maln .
plete and accurate records ﬁmmy
{lnanctal {nterest |Ip §544a)3XD), -
(&)U, (a)BKHEY, and (a)3)) of this -
chapter paid to elinical {nvestigators
. by the sponsor of the covered study, A
sponsor shall also maintain cnmpl.eta
and aceurats records concerning all
other financial interests of investiga.
ors sublect to part 54 of this chapter,
(¢) A ponsor shall retain the records
and reports required by this part for 2
years after & marketing application |
approved for the drug; or, if an applicas
tion 1s not approved for the drag, until
2 years after shipment and delivery of
the drug for {nvestigational use is dis-
Eogmued and FDA has been 3o noti-

(d) A sponsor shall retain
samples of any test article mr?err:fe
erence standard dentified in, and used
In any of the biceyuivalence or blo-
avaflability studles described in,
§320.38 ot §32063 of this chapter, and
relesss the reserve samples to FDA
upon request, in accordance with, and
for the period specified in §320.38,

(Collect’~.. of Information requirenments ap-

proved by the Office of Management
Budget under contto) number 0910-0014) =

i
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51288 Immt:on “of " sponsot's. .rn-cords of any disposition of the g
records and reports. " in accordance with §312.57,

(a) FDA inspection. A gponsor shall
upon request from any properly aus
thorized officer or employee of the
Food and Drug Administration, ab rea-
sonable times, parmit such officer or
employee to have access to and copy
and verify any records and reports re-
lating to a clinical investigation con-
ducted under this part. Upon written
request by FDA. the sponsor shall sub-
mit the records or reports (or copies of -
them) to FDA. The sponsor shall dis-
continud shipments of the drug to any
investigator who has fafled to maintain
or make avaflable records or reports of
the investigation as required by this
part.

() Cantraued substances. It an {nves-
tigational new drug is a substance list-
ed fn any schedule of the Controlled
Substances Act (21 U.S.C. 801; 21 CTR
part 138), records concerning ship-
ment, del{very, recelpt, and disposition
of the drug, which are required to be
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, be made available by the in.
veatigator or sponsor to whom the re-
queat Is made, for inspection and copy-
ing. In addition, the sponsor shall as-
sure that adequate precautions are
taken, Including storage of the inves-
tigational drug In a securely locked,
substantially constructed cabinet, or
other securely locked, substantlally
conatructed enclosure, access to which
i lmited, to prevent theft or diversion
of the sabstance into illegal channels-
of digtribution.

§312.59 thonihon of unused suppl
of inveatigational drug. Pl

The sponsor shall assure the return
of all unused supplies of the investiga-
tional drug from each {odividual invess '
tigator whose participation in the in-
vestigation is discontinued or termi-
nated. The sponsor may authorize al-
bernative disposition of unused supplies
of the Investigational drug provided
this altarnative dfsposition does not
expose humans 10 risks from the drug,
The sponsc ~shall' maintain’ written

o2

(Collecton of information requiremont ap-
poved by the Ofties of Management and
Buﬁget_v,mdur contrel number 0310-0014)

52 FR 8831, Mar, 10, 1067, as amended at &
FR 23031, June 37, 1387)

§312.60 General responsibilities of in.
vestigators,

An investigator fa resporxible for en-
suring that an investigation 13 con-
ducted according to the signed investl-
gator atatement, the investigational
plan, and applicable regulations; for
protecting the rights, safety, and wel-
fare of subjects under the investiga.
tor's care, and for the control of d 25
under investigation. An investigator

.8hall, In accordance with the provi-

sions of part 50 of this chapter, obtain
the informed consent of eagh human
subject to whom the drug is adminfs-
tered, except 48 provided in §§50.33 or
§0.24 of this chapter, Additional spe-
cific responsibdilities of clinfcal fnves-

tigators are set forth in this part and

{n parts 50 and 56 of this chapter,

(52 FR. 8631, Mar. 19, 1667, a8 amendel at U

FR 51830, Oct. 2, 1996)

§312.61 Control of the investigational
drug,

An investigator shall administer the -

drug only to subjects under the fnves-
tigator's personal supervision or nnder
the supervision of a subinvestigator re.
sponsfble 10 the investizator, The in-
vestigator shall not supply the inves-
tigational drug to any person not ans
thorized under this part to veceive It

§31262 Investigator

recordkecping
- and record retention,

() Disposition of drug. An Investi-
- gator is required to maintain adequate

records of the disposition of the drug,
including dates, quantity, and use by
subjects, If the investigation is termi-
nated, suspended, discomtinved, or
completed, the investizator shall re-
turn the unused supplies of the drug to
the sponsor, or otherwise provids for
disposition of th» mmsed supplies of
the drug under §..4.59

(b) Case histories, An {nvestigator ls
required to prepare and maintain +ile-
quate and accurats case histories that

\’ )

A NN SRR e “g; 2! CFECh [}(;t tatl Ed"°") "" Foodond Drug A‘dmm!shuﬂcn HHS

F tecerd all nh@matinns and olher de.ta.
pertinent to the investigation on each
‘individual administered the investiza-
tional drug or employed as a contrc. .n
the Investigation. Case historles in.
clude the case report forms and sup-

~porting data including; for example,
signed and dated consent forms and
meiical records including, for example,
progress notes of the physician, the in-
dividual's hospital chart(s), and. the
nurses’ notes. The case histary for each
individual- shall document that in-

formed consent was obtained prior to
participation {n the study.

(¢) Record relention. An investigator
shall retain records required to be
malntained under this part for a period
of 2 years following tho ddte a mar.
keting application is approved for the
drug for the indication for which it is
being fnvestigated; or, if no application
is to be filed ot If the application {s not
approved for such {ndication, until 2
years after the nvestigation I3 discon-
tinued and FDA is notified.

{Collection of 1ﬁ[orn1atlon requirements ap-
proved by the Office of Management snd
Budget under control number 0310-0014)

FR 20031, June 17, 1987; 61 FR G7260, Nov. §,
1L

}312.64 Investigator reports,

(3} Progress reports. The Investigator
g 1 {urnish all reports ta the sponsor
of the drug who s responsible for col-
lecting and evaluating the results ob-
tained. The sponsor {8 required under
{31235 to submit annupl reports to
FDA on the progress of the clinical in-
vestigations, .

(b) Sofety reports. An Investigator
shal] promptly report to the sponsor
any adverse effect that may reasonably
be regarded as caused by, or probably
‘caused by, the drug. If the adverse ef-
fect 13 alarming, the investigator shall
report the adverss effect immediately.

(c) Final report. An investigator shall
| provide ‘the sponsor with an adequate

report shortly after completion of the
investigator's participation In the in-
vestigation,

{d) Financial disclosure reports, The
clinteal investigator shall provide the

*} sponsor with sufficient accurate finan-

* ¢ial Information to allow an applicant
fo submit complete and accurate cer-

(50 FR $%5L, Mar, 10, 1987, np amended at 52

53111# A

tifieation or diaclaaura statemer,.4 48
required under part 5 of s chapter.

 The clinical 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.

(Collection of Information Yequirements ap-
proved by the Office of Management and
Budget under control number 0910-001¢)

{52 FR 5831 Mar. 19, 1987, as amended at 57
FR 20031, June 17, 1567; &3 FR 535'0' Feb. 2,
19961

§31266 Assurance of IRB review,

An investigator shall assure that an
IRB that.complies with the requive-
ments set forth In part 56 will be re-
sponsible for the initial and continuing
review and approval of the proposed
clinical study, The investigator shall
als0 assure that he or she will prompt-
1y report to the IRB all changes in the
Tesearch activity and all unanticipated
probiems {nvolving risk to human sub-
jects or others, and that he or she will
not make any changes in the ressarch
without IRB approval, except where
necessary to eliminate apparent {mme-
dlate hazards to human subjects,

{Collectton of Information requirements ap-
proved by the Office of Mabagement and
Budget under control number WIMJM): .

[52 FR 8831, Mar, 19, 1987, as amended at 52

FR 20031, June 17, 1987)

131268 Inspection of investigator's
" records and reports.

An investigator shall upon request
{rom any properly authorized offlcer or

employee of FDA, at reasonable times, -

permit such officer or employes to
have access to, and copy and verify any
records or reports made by the investi-
gator pursuant to-§313.62, The investl-
gator is not required to divalge subject
Dames unless the records of particular
individuals reqnire a more detalled
study of the cases, or unless thers is
reason to- belleve that the records do
not represent actual case studies, or do
not represent actual results obtained

§812.69 Hmdlmg of controlled sub-
stances, -

If the Investigational  *lg snbjecli '

to the Controlled Substausd® o190
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' Inveatigator ah'dl take adequate pre-

* cautions, Including storage of the in-

_ vestigational drug in a securely locked,
substantially constructed cabinet, or
other securely locked, substantially
constructed enclosure, access to which

fs Limited, to prevent theft or diversion

of the substance into illegal channels
of distribution,

$31270 Disqualification of n ineal
investigator,

{8) 1 FDA has information indlcating
that an investigator (including & spon-
sor-investigator) has repeatedly or de-
liberately fatled to comply with the re.
quirements of this part, part 50, or part
56 of this chapter, or had submitted to
FDA or to the sponsor false {nforma-
tion in any required report, the Center
for Drog Evaluation and Research or
the Center for Blologics' Evaluation
and Research will furnish the fnvesti-
gator written notice of the matter.
complained of and offer the {nvesti-
gator an opportunlty to explaln the
matter In writing, or, at the option of
ibe Investigator,.In an Informal con-
ference. If an explanation is offered but
not accepted by the Center for Drug

Evalvation and Research or the Center

for Biologics Evaluation and Research
the {nvestigator will be given an oppor-
tunity for a regulatory hearing under
part 16 on the question of whether the
investigator 3. entitled to recejve Ln-
vestigational new drugs.

(b) After evaluating il available ln-
formation, Including any explanation
presented Dy the investigator, {{ the
Commissioner determines that the in-
vestigator has repeatedly or delib-
erately falled to comply with the re-
quirements of this part, part {0, or part
5 of thia chapter, or has deliberately
or repeatedly submitted false informa-

tion to FDA or to the sponsor in any

required teport, the Commissioner will
notify the investigator and the sponsor
of any investigation in which the in-
vestigator has been named 3 2 particl-
pant that the' investigator 1s not entl»
tled to recelve investigational drugs.
The notiflcation will provide & state.
ment of basts {or such determination.
(¢) Bach IND and each, approved ap-
plication submitted under part 314 con-
taining date reported by an investi:

b ”

'

;:gatar, who has hﬁ%n%etermmeﬁjto hew ;m; SCM, i

BB
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inellgible to receive fnvestiusatjonl !
drugs will be examined to devermine
whether the investigator lras submitted |
unreliable data that are essential o
the m~»iinuation of the investigation
or essential to the approval of gy
marketing application.

{d) 7 the Commlsaloner determines,
adter the nnrellable data sabmitted by
the investigator are eliminated from
consideration, thal the data remalnine

“are inadequate to support a conclusion

that 1t 18 reasonably safe to continge
‘the Investigation, the Commissloner

will notify the sponsor who shall have

an opportunity for & regulatory hean
ing under part 16, 1 & danger to the
public health existd, however, the Com.
missioner shall terminaie the IND i
mediately and notlly the sponsor of the
determination. In-such case, the spon.
sor shall have an.oppottunity {or & reg-
ulatory hearing before FDA under part
16 on the question of whether the IND
should be refnstated,

‘f the Cammlssloner‘d&termim

after the unreliable data submitted by

the investigator are eliminated from
consideration, that the contioued ap.
proval of the drug product for which
the data were submitted cannot be jus.

. tfied, the Commisstoner will nrogeed

to withdraw approval of the drug prod-
uct in accordance with the applicable
provisions of the act. .

{f) An investigator who hag been de
termined to be Inaligihle to recelve in.
vestigational drugs may be reinstated
83 eligible when the Commissioner de.
termines that the investigator has pre.
sented adequate assurances that the in.
vestigator will employ investigationl
drogs solely In compliance with the

provisions of this part and of parts 5
and 56,

. {Coltection of information requirementa ap-

proved by the Office of Manazement and
Budget under contvol number 0910-0014)

{52 FR 8831, Mar. 19, 1997, as amended at 52
FR 2303, June 17, 1997; 55 FR 11380, Mar, &,
1030; 62 F'R 49876, Sept, 5, 1997)

Subpart  E~=Drugs ln!ended fo
Treat Uife-threctening end Se-
verely-debilitating Illnesses

Am'mmﬂ au s G aal. m 353 s, %

,r_:\ » L Tva\.

food and Drug Administration, HHS

——

+ dounee: 83 FR 41823, Oct. 21, mu unless
i o'herwist noted.

131280 Purpose..

The putpose of this section Is to ea
tablisk procedures designed to expedite
the development, evaluation, and mar-
keling of new theraples Intended to
1reat persons with life-threatening and
severely-debilitating « illnesses, espe-
cilly where nmo entisfactory alter
wiive therapy exists, As atated
{315.05(c) of this chapter, while the
statutory standands of safety and effece
tiveness apply to all drugs, the many
kinds of drugs that are subect to
{hem, and the wide range of uses for
thosa drugs, demand flexibility ln ap-
plying the standards, The Food and
Drug Administration (FDA) has deter-
mined that it Is appropriate to exerclse
the broadest flexibitity in applying the
statutory standards, while preserving
awpropriate guarantees for safety and
elfectiveness, These procedures reflect
the recognition that physiclans and pe-
tents ‘are generally willing to accept
greater risks o side effects {rom prod. -
ucta that treay life-threatening and se-
rerely-debilitating 1linesses, than they
would ‘accept from products that treat
1ess serious {linesaes. These procedures
also reflect the recognition that the
benefits of the drug need to be evalu-
ated In 1ight of the severity of the dis-
aase being treated. The procedure oute
tined in this section should be inter-
preted consistent with thet purpose.

131281 Scope,

This section applies to Tew drug and
Yological products that are belng stud-
fad for thelr safely 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 [s high unless the
tourse of the dlmse Ia {nterrnnted;
and

(2) Diseases or conditions with poten- .
Ually fatal outcomes, whete the end
potat of ¢l al trial analyais fs sur-
vival,

(1) For purpnses of thig sectlon, the

4, wem “geverely debilitating” means

o ——y
s S e A P g e P

USSR,

e

r* 1r rsible morb!ﬁlt}t

e

{c) Spe: sors are encouraged to con:
sui. with FDA on the applicabllity of
these procedures to specific products.

159 FR 4152, Oct: 21, 1988, a8 ameuded a¢ 6
FR 401, Jan. §, 19%9)

EPFECTIve DATE NoTS: AL 84 FR 401, Jan,
5, 199, §1%.41 was amended by < aoving “,
antibiotic," from the introductory text, ef-
fective May 20, 199,

131282 Early consultation.

For products intended to treat life-
threatening or severely-debilitating f1l-
nesses, sponsors may request to meet

-with FDA-teviewlng officials early in
the dtug development process to review .

and reach agreement on the design of
necessary preclinical and clinieal stud-
les. Where appropriate, FDA will invite
to such meetings one or more outside

expert sclentific consultants ot advl-

sory committes members, To the ex-
tent FDA resources permit, agency re-
viewing officiels will honor requests
for such meetings

(8) Pre-investigational new drug (IND)
meetings, Prior to the submission of the
{nitial IND, the sponsor may request a
meeting with FDA-reviewing officials,
The primaty parpose of this meeting I8
to review and reach agreement on the
design of animal studies needed to (ni-
tiate human testing, The meeting may
also provide an opportunity for dis-

cussing the scope and design of phase I
testing, plans for studying the drug
product {n pedistric papulations, and
the best approach for presentation and
formatting of data {n the IND.

(b) End-of-phase | meetings, When data
“from phase 1 clinfeal testing are avall-
able, the sponsor may sgain request &
meeting with FDA-reviewing officials.
The primary purpose of this meeting I8
to review and reach agreement on the

deslgn of phase 2 controlled olinfeal

trials, with the goal that su¢ .asting
will be adequats to provide sufficlent
data on the drug's safety and effective
ness %0 support & dectsfon on its ap-

provabllity for pisrketing, agd to dis-

ouss the need for, as well as the design
and timing of, studies of the drug in pe-
diatrle patients. For drugs for Ufe-
threatening diseases, FDA will provide

{ts best, Judgment, at that time, wheth-
" giaeases or conditions that cause ma)or e pedlatriccstadies will bo reruitad

.
L

i whetnei ‘thelr submisstor * 1°be

oh
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cedures outlined {n §312.47(h)(1) with
respect 1o epd-of-phase 2 conferences,
Including documentation of  agres:
ments reached, would also be used for
end-of-phase 1 mestings, .

(53 FR 41528, Oct. 21, 1983, a3 amended at 8
FR 66568, Dec. 3, 1998)

181283 Treatment protocols,

11 the preliminary analysis of phase 2
test results appears promising, FDA
may ask the spopsor to submit a treate
ment protocel to ba reviewed under the
procedures and criterla listed in
WM and 312.35. Such a treatment
protoco' i requested sod granted,
would normally rematn in effect while
the complate data necessary for a mar-
keting application are being assembled
by the sponsor and reviewed by FDA
(unless gronnds exist for clinical hold -
of ongolng protacols, as provided fn
§312.2(b)3X)), '

191284 Risk-benefit analysis in review

of marketin am'cgtinm for drugs

to treat ; ing and e
verely-debilitating illnesses.

{a) FDA’s application of the statu-

tory standards for marketing approval

thall recognize the need for a medical

gisk-benaﬁt Judgment in making the
Inal decision on approvability, As part
of this evaluation, consistent, with th
itatement of purpose in §312.80, FDA
-vill conaider whether the benefits of
e drug outwejgh the known and po-
entfal risks of the drug and the need
0 Aoswer remaining nuestions about .
{sks and benefits of the drug, taking
nto consideration the-severity of the
isease and the absence of satisfactory
1ternative therapy.
(b} In making decisions on whether
o grant marketing approval for prod.
cts that have besn the subject of an
nd-of-phase 1 meeting under §312.82,
DA will usually seek the advics of
utsids expert sclentific consultants or
dvisory committees. Upon the filing
( such & marketing application under
314.101 o part; 601 of this chapter, FDA
{1l notify the members of the relevant
«anding advisory committes of the ap-
lication's flling and its availability
T review.
(0} If FDA conciudes that the data
'eyeni® are % sufficlent (or mal-

An

keting approval, FDA will lssue tfora
drug) & not approvable letter purguant
to §314.120 of this chapter, or (for'a big-
logic) a deflclencies letter consistent
with the blological product licensing

procedures. Such letter, in describing |

 the defieiencies In the application, will
address why the results of the'research
destgn agreed to under §312.82, or'in
subsequent meetings, have mot pro-

N U GRCR. 1-50Eclon) |
deforved unti) aftar approval. Th pro- : "

iials and be fmvolved ih acilitating
thelr appropriate progress.

| 431058 Safeguards for patient safey.

All of the safsguards incorporated
within parts 50, 56, 312, 314, and 600 of
this chapter designed to ensure the
safsty of clinical testing and the safety
of products following marketing ap-
proval apply to drugs covered by this

vided suffictent evidence for marketing
approval. Such Jetter will also describe
any recommendations made by the ad-
visory commil:- . rogarding the appll-
catlon.

~ (0) Marketing applications submitted
under the procadures conained In this
sectlon will be subject to the require.
ments and procedures contalned in part
314 or part 600 of this chapter, a3 well
a8 thoee I this subpatt,

{31285 Phase 4 studen,

Concurrent with marketing approval, -
FDA may seok agreement from the
gpongor %o condvet certaln post
marketing (phase 4) studies to delin.
eata additional {nformation about the
drog's risks, benefits. and optimal use,
These studies could include, but would
not be limited to. studying different
doses or schedules of administration
than were used in phase 2 studies. use
of the drug in other patient popu-
lations or other stages of the disease,

or use of the drug over a longsr period
of time, '

§312.86 Focused FDA
search, repulatory 12

At the discration of the agenry, FDA
may undertake focused regulatory re-
search on crftical rate-limiting aspecis
of the preclinical, chemicalmanufac.
turing, and clinical phases of drug de»
velopment and evaluation. When initf.
ated. FDA will undertake such re-
search efforts as & means for megting a

section. This includes the requirements
for informed consent (part 50 of this
chapter) and [Institutfonal review
boards (part 56 of this chapter). Thess
gafeguards farther include the review
of animal studies prior to initial
numan testing (§312.23), and the moni-
toring of adverse drug eaperiences
through the requirements of IND eafe-
ty reports (§312.32), safety update re-
ports during agency review of a mar-
keting application (§314.50 of this chap-
ter), and postmarketing adverse reac-
tion reporting (§314.80 of this chapter),

subpart F~Miscelianeous

© §312.110 Import and export requires
ments,

(a) Jmports. An investigational new

States compliss with the requirements
of this part if it Is subject to an IND
that is in effact for (& under §312.40 and:
(1) The consignee in the United States
is the spongor of the IND; (2) the can-
signee 5 & qualified investigator
named in the IND; or (3) the consignee
is the domestic agent of a forefgn spon-

distribution of the investigational
drug. and the IND identifies the con-
sirnag and describes what, I any, ac-
tions the consignee will take with re-
spect ta the investigational drug. -

(o) Erporls. An investigational new
drug Intended for expart from the
United States complies with the re-

public health need fn factlitating the
development of theraples to treat life-

threatning or severely debilitating ill-
nesses,

§312.87 Active monitoring of conduct
and evaluation of clinical irials,

For drogs covered under this seetion, |
the Commissioner and.other agency of-
ficials will monitor the progress of the
conduct and evaluation of clinical

quirements of this part as follows;

(1) If an IND is in effect for the drug
under §31240 and each parson who re-
ceives the drug is an investigator

. named {n the application; or

(2) I FDA authorizes shipment of the
drug for use in a clinical investigation.
Authorization may be obtained as fol-

. Jows;
" (f) Through <ubmission to the Inter-
ational Affairs Stall (REY-40), Asso-

Coafg

Food dhd Drig AdminshlcHAS

drug offered for Import into the United

sor, Ia responaible for the control and

‘3

R

ciate Comnmissioner for Health Affalrs,
Food and Drug Administration, S600
Pishers Lane, Rockville, MD 20867, of &
written request from the person that
seelts to “wport the drug, A request
must pro<de adequate information

about the drug to satisfy FDA that the

drug is appropriate for the proposed fn-
vestigational use in humans, that the
drug will be used for investigational

purposes only, and that the drug may

be legally vsed by that consignes in the

{mporting country for the proposed io-

vestigational use. The request shall -
speclly the quantity of the drug to be
sh'oped per shipment and ‘the fre-
qusncy of expected shipments. If FDA
authorizes exportation under this para-
graph, the agency shall concurrently
notify the government of the importing
country of such authorization,

(i) Through aubmission to the [nter-
pational Affairs Staff (HFY-50), Asso:
clate Commissioner for Health Affafrs,
Food and Drog Administration, 5600
Fishers Lane, Rockville, MD 20857, ofa
formal request {rom an authorized offi-
clal of the government of the country
to which the drug is proposed to be

shipped. A request must specily that

the foreign government has -adequate
information about the drug and the
proposed investigational use, that the
drog will be wsed for Investigational
purposes only, snd that the forelgn
government is satisfied that the drug
may legally be used by the intended
consignes {n that country. Such & re-
quest shall specify tHe quantity of drug
to be shipped per shipment and the fre-
quency of expected shipments.

(ifi) Authorization to export an ip-

vestigational drog under paragraph -

(ON2M) or (11} of this section may be
revoked by FDA {f the agency finds
that the conditions underlying its au-
thorization are not longer met.

(3) This paragraph applies only where
the drug is to be used for the purpose of
¢linical investigation. - - -

(4) This paragraph does not apply to
the export of new drugs {including blo-
Jogical products, antibiotic drngs, and
{nsulin) approved or authorized for ex-
port under section §02 of  act (4

U.8.0. 382) or section 354k, .4) of the
Pg. 192

.'-'_z . ._"u
sy



. Publle Health Service Act @ USC.
2%hXINA)).

(Collection of tnformation requirements ap-

proved by the Office of Management and
Budget under control mumber 0910-0014)

{52 FR 8831, Mar. 19, 1967, as amended.at 52
FR 23031, June 17, 1967; 64 FR 401, Jan, 5, 1999)

EPFRCTIVE DATE NOTF: At 84 FR 401, Jan,

"5, 1969, §312.10 was amenued by revising

paragraph (b)4) and by removing paragraph
(b1(5), effective May 20, 1999. For the conven-
:ence ol the user, the superseded text fol-
0w,

$212.110 lnpeﬂmlupor! requiremente,

R 1] * * *

ULER |

(4) This pacagraph does not apply to the

export of an antihlotie dtug produet shipped
{1 accondanee with the provisions of section
011d) of the act.

(5) This paragraph does not apply to the
export of few drugd (Including biological
products) approved for export under section
802 of the act or esction JICAKINA) of the
Publlc Health Bervice Act,

* LE * * *

§312.120 Fomgn clinienl studies not
conducted wnder an IND,

(8) Introduction. This aectlon de-
scribes the criteria for acceptance by
FDA of forelgn clinica] studies not con-
ducted under an IND. In general, FDA
accepts such studies provided they are
well designed, well conducted, per-
formed by quallfied investigators, and
conducted in accordance with ethical
principles acceptable to the world com-
munity. Studles meeting these criteria
may be utilized to support clinical {n-
vestigations in the United States and/
or markeung approval. Marketing ap-
pmval of a new drug based solely on
foreign clinical dats is governed by
§314.106,

(b) Dafa submissions. A sponsor who
wishes to rely on & forelgn clinjcal
study to support an IND or to support
a1 application for marketing approval
shall submit to FDA the fo!lowing In-
formation;

(1) A description of the investigator's
qualifications;

(2):A description of the research fa-
cllilies;

(3) A detatled summary of the pro-

;,ff‘oc?f a_nd res}tlts otﬁshe stndy_, nnd. ﬁ" _ s

B

%

Ao n Wil W7 CUILIRITY)

should F'DA request, cn racards matn-
lafned Ly the investlgator or addl-
tonal background data such as hos-
pita) or other institutional records;

(& A description of the drug sub-
stance and drug product used fn the
study, including a description of come
ponents, formulation, specifications,
and bioavallabllity of the speciflc drug
product used in the clinical study, If
available; and '

(5) If the study Is intended to support
‘the effectiveness of a drug product, in-
formation showing that the study is
gdequate and well controlled under
§914.126,

() Conformance with ethical principles,
(1) Forelgn clinieal research is required

to bave been conducted In accordance -

with the ethical principles staled in
the. “Declaration of Helsinkl" (see
paragraph (€)(4) of this section) or the
laws and regulations of the country in
whith the research was conducted,

whichever represents the greater pro- -

tection of the individual,

(2) For each forelgn clinlcal study
submitted under this section, the spon-
sor shall explain how the research con.
formed to the ethical principles cop-
tained in the “Declaratton of Helsink{"
or the forelen country's standards,

whichever were used. If the forelgn

country's standards were used, the
sponsor “shall explain In detall how
those standards differ from the "Dec.
laration of Helsinkl" and how they

offer greater protection,

(3) When the ressarch has been ap-

“proved by an independept 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

© committee, In this regard, a “review

committee” means a committee com-
posed of sclentists and, where prac.
ticable, individuals who are otherwise
qualified (e.g., other health profes-
stonals or laymen). The Investigator
may not vote on any aspect of the re-
view of his or her protocol by & review
committee,

(4) The “Declaration of Heininkl"
smesastollows

. dla .:;‘a' '

Food and Drug Adminishration, HHS

REOMAENDATIONS OUIIING PHYSICUNS 1N
© O IOMEDICAL RESEARCH INVOLVINO HUMAN

SUBJFJL‘I'S

[ntroduction

1t Is the mission of the phyaician to safe
guard the health of the peaple, His or her
knawledge and consclence are dedicated to
the fulfiliment of this minsion, '

The Declaration of Qeneva of the World
Medcal Association binds the physiclan with
the words, “The health of my patiant will be
my fmst comsideration.” aod the Inters
natfonal Cnde of Medicat Ethics ‘declares
that, “A physiclan shall act only in the pa-
tlent's interest when providing medical care
which might have the effect of weakening
the physical and mental condition of the pa
tient," .

The purpose of hlomedical ressarch lnvoiv‘

- Ing human subjects must be to Improve diag-

poatle. therapeutie and prophylactic prooe.

* dures and the understanding of the aeWology  ooeron ¢o'the fuherent risk to the subs

and prthogenenis of dlsease.

In curtent medienl pracilee most disg-
nostle. therapeutic or prophylactic proce.
dures Involve hazards, This applies espes
cinlly to hlomedicsl research,

Medieal progress Is hased on research
which ultimately must rest {n part on ex
prrimentation involving human subjeets.

i the field of blomedical rexearch a fundas
mental dlstinction must be recognited be-
tween medica) resenreh in which the alm s
eusentially diagnostlc or therapeutic for &

" patient, and medical research, the essential

ohject of which s purely acientific and with.
ait implving direct dlagnostic ot thera.

peutic value to the peraon subjected to the _

research,

Specinl caution togt be exercised In the
conduet of research which may affect the en.
vironment, and the welfare of animals used
for research must he reapected,

Decause 1t I8 essential that the results of
laboratory experiments ho applied to human
belngs to further sclentific knowledge and to
nelp suffering humanity. the World Medical

Associntlon has prepared thé following ree- -

ommendations a8 & galde to every physiclan
-{n hiomedica! research Involving human sibs

jects, They should he kept under review in -

the future, [t must he stressed that the
standnrds a8 drafted are only & guide to phy-

slclans all over the world. Physlcinna are nob

relieved from eviminal, civil and ethical res
sponsibiiities under the laws of their own

" countrles,

. I, Busle Prineiplet

-1.* Blomedicel research {nvolviag human
subjocts mést conform o genemily acoepted
selentiflc principles and should be hased on

‘. .. ndequately performed Jaboratory and animal
- sfxperimentation and on a thoro
*. 34"ge ol the sclep

kgowl-

f\ -bt. 'wim’

& ilverature. 10 47

§312:120 . ,‘

2, "The design and performance of each ex-
perimental proceduro Involving humas sub-
jecta should:be olear)y formulated in an ez
perimental protocol which should be trasm.
mitted for conaideration, comment and guid--
ance to a specially appointed committes
{ndependent of the Investigator and- the
aponsor provided that this independent com.
mittee i3 in conformity with.the laws and
regulations of the country in which the re-
search experiment 18 performed.

3. Blomedical research involving human
subjects should be conducted only by scl-
entifleally qualitied persons and undet the
supervision of & clinically competent. mad-
16al person. The responaibility for the human
stbject must always rest with a medically
qualified person and never rest o the sub-
ject of the research, even though the sabject
has given his of her consent, :

4, Blomedical research involving human
suhjects cannot legitimately be carried out
uttless thé mportance of the obfeative is ln

Jeet, : . .
5. Every biomedical research project Ine
volving human sobjects should be preceded

by careful asseasment of predictable risks In

comparison wit): foreseeable benefits to the

" adhject ob to others. Concern for the inter

e8ts of the subject must always preval] over
the Intarests of acience and soclety.

£, The tight of the reseatch subjeet to safe-
guard his of ber Integrity must always be re.
apected. Bvery precaution should be taken to -
respect the privacy of the sobject and %o
minimize the Impact of the study on the sub-
Ject's physleal and mental integrity and on
the persopality of the subject.,

7. Physicians should abstatn from engeging
in research projects invelving human sabe
jects unless they are satisfied that the has.
ards Involved are belfeved to be predictable,

~ Physicians should ceass any investigation if

the hazards are found to outwelgh the poten-
tial henefits,

£, In publication of the resalta of bis o het
research, the phynician 18 obliged to preserve
the accuracy of the results, Reports of ex.
perimeptation not In accondance with the

'prlnctpm 1aid down in this Declaration

should not he accepted for publication,

g, [n any fesearch on humah beings, each
potential subject must be adequately ip-
formed of the aima. methods, anticipated
benefits and potential bazards of the study
and the discomfort it may entall. He or she
ghould he informed that he or she ia at 1ib»

~erty to abstain from participation In the

araly and that he or she 1y {ree to withdraw
his or her consent to patticipation at any
time, The physician should then obtaln the
subject's freely-given informed consent, prel-
erahly in writing,

10, When obtaining {nformed mmt Ior

. the research project the physician

particulanly cautions it the ¢ ¢ f8 ld s

02
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dmndm rnlu.tlmhtp to h!m or her or may
consent under duress. In vhat case the (e

. formed consent ahould be obtalned by a phy-
slalan who (s uot engaged i the Investige-
tion and who ls completely {udependent of
this offictal relationship,

11, In came of legal incompetence, Informed
tonsent should be obtained from the legs!
guardian {n sceordsnes with national Jegls-
lation. Where physical or mental Incapacity
makes It impossible to obtain Informed cone
sant, or when the sobjsct 18 & minor, parmis-
slon from the reaponsible relative replaces
that of the fubjest in accordance with, ne-
tlonal legislation. -

Whenever the minor child I In act shle to
glve & consant, the mizor's consent must be
obtained {n addition to the congent of the
minor's legal guacdian.

12 The ressarch protocol should always .

contain & statement of the ethical considere
atlons lavolved and should indlcate that the
principles ennnclated fn the present Declara:
tion are complied with,

11. Medica] Research Combined wilh
Professional Care (Clinioal Resegreh)

1, In the treatment of the alck pavson. the
physielan must bs free to use & pew dlag-
noatic and therapeutic measurs, f in his or
her judgment 1t offers hops of saving life, re-
eatablishing health or alleviating sulfering,

2, The potential benafits, hasards and dis-

. comfort of & new method shauld bé weighed

against the advantages of the best current
dlaguostia and therapeutio methods,

3. In any medical study, every patient—in-
cluding those of a control group, If any--
ghould be agsured of the beat proven diag-
nostic aod therapentic method, '

4. The refusal of the patient b participats
in a study muast never lnterfsre with the phy-
siclan-pationt relationship,

§. 1t the physician considers it essantlal
oot o altain informed consant, the specific
reasona for this proposal shauld be stated in
the experimental protosol for transmission
to the Indapendent committes (1, 2).

6. The physiclan can combine medical re-
search with professional care. the ohjective
belng the acquisition of new medical knowl.
edre, only to the extent bhat medical re-
search I8 justified by its potantial diagnostic
or thorapeutlc value for the patient,

11, Non-Therapeutic Biomedical Research in-

uiving Humam Subjects (Nen-Clinical Big-
medical Research)

1. Tn the parely sclentific application of
medical research carried .out on a human
being, It Is the duty of the physleian to re.
mafn the protector of the life and health of
that persan on whom blomedical resaarch s
betng carried out, )

2. The athjects ahould he volunteors—els
thar healthy ¢ W or paticnta for whom

e P

f g h

' L
0 CRCh, e on

the expurimental deulﬁ {s fiot related vo the
patient'a iiness, :

3. The investigator or the Investlgating

team should discontinue the rasearch if ln*
higher or thelr judgment 1t may, If contin-

ued, be harmful to the Individua),

4. In ressarch ou man, the intersst of

sclence and goclety shauld never take prece-

dence over comsiderstions releted to the
well-being of the subjact,

{Collection of information requiremsnts ap-

proved by the Office of Management and
Budget under control number 0910-0014)

{52 FR 8831, Mar. 19, 1967, an amended at 51
FR 20031, June 17, 1987; B FR 22013, May U4,
1991;64'?3 401, Jan, §, 1989)

" EFFECTIVE DATE NOTE: At #¢ FR 401, Jan,
8, 1069, §312.120 was amendsd by vemoving
“or antiblotle drug™ from the last sentence
of parsgraph (a), effective Mag 2, 1969,

§312.130 Availability for public disclo-

sure of data and information in an
IND.

(a) The existence of an 1nveal’.iga
tional new drug application will not be
dlsclosed by FDA unless it has pre-
viously been publicly disclosed or ac-
knowledged,

(b) The availability for public discln

sure of all data snd fnformation fn'an -
investigational new drug application

for a new drug will be handled in ac~
cordance with the provisions estad

- lished In §314.430 for the confidentiality

of data and Information in applications
submitted In part 314, The availability
for public disclosure of all data and in-
formation [n an investigational new
drug application for a biological prod-
uct will be governed by the pmmir.ms
of §§601,50 and §01.51,

{e) Hotwtthatandmg the provisions of
§314.430, FDA shall disclose upon re-
quest to an individual to whom an n-
vestipational new drug hag been given
a copy of any IND safety report relate
ing to the use in the Indlvidual.

{d) The availabllity of Information
required to be publicly diaclosed (or Ine

. Vestigations fnvolving an exception

from informed consent under §50.4 of
this chapter will be handled as follows:
Persons wishing to request the publicly
disclosable information {n the IND that
was required to be flled {n Docket
Number 953-0158-in the Dockats Man.
agement Branch (HFA-5), Food and
Drug Adminiatration, 12420- Parklawn

Or. on. 23, ovkle, ND 20, bl

PO
i . e

| 'Faod ond Diug Adminlstrd!ion HHS

anbmit » request under the Freedom o{
Information Act.

153 FR $83L, Mar. 19, 1987, Redneienated ot 3
FR 41523, Oct, 21, 1888, as am: .ued at 61 FR
51530, Oct. 2, 1696, 64 FR 401, Jan, 5, 168%)

EPPECTIVE DATE NoTe: At & PR 401, Jan,
5 1009, §U12.190 was amended by romoving
“or antihlotle drug” from paragraph (b), ef-
fective May 20, 1999,

912140 Address for correspondence.

{a) Except as provided in paragraph
(b) of this section, a sponsor shall send
an Initlal IND submission to the Cen-
tra] Document Room, Center for Drug

" Evalvation and Research, Food and

Drog Administration, Park Bidg., Rm,

24, 12420 Parklawn Dr., Rockville, MD

2852, On receiving the IND, FDA will
inform the sponsor which one of the di-
viglons {n the Center for Drug Evalua-
tion and Research or the Center for
Biologics Evaluation and Research {s
responsible for the IND. Amendments,
reports, and other correspondence re-
lating %0 matters covered by the IND
should be directed to the appropriate
division. The outside wrapper of each
submission shall state what {3 conm-
tained in the submission, for example,
“IND Application™, “Protocol Amend-
ment", etc.

(b) Applications for the products list.
ed below should be submitted to the Di-
viston of Biologlcal Investigational
New Drugs (HFB-230), Center for Bio-
logics Evaluation and Regearch, Food

“and Drug Administration 8800 Rock-

ville Plke, Bethesda, MD 208%2. (1)

n'r, '

_16-.

? W

r_u'\-«f

are also radioactive drugs shall be sub-

_mitted to the Division of Oncology and

Ra.diopharma.ceutlcal Drug Products
(HFD-150), Cantar for Drag Evaluation
and Research, Food and Drug Adminis-
tration, 5600 Fishers Lane, Rockville,
MD 20857, except that applications for
coupled antivedies shall be sabmitted

- in accordance with paragraph (b) of

this section.:

(d) Al correspondence relating to ex-
port of an {ovestigational drug under
§312.110(b)(2) shall be submitted to the
International Affairs Staff (HFY-50),
Oftice of Health Affairs, Food and Drug
Adminigtration, 5600 Flshers Lan,
Rockville, MD 20857.

{Collaction of ln(cmunn requirements ap-
proved by the Offfce of Management and
Budget under control aumber (910-0014)

{52 PR 8831, Mar, 19, 1997, as amended at 52
FR 23041, June 17, m SSFRIISEILM B,
1950

. §912145 Guidelines,

comply with certain requirements of

Products subject to the licensing provi-

slons of the Public Health Service Act
of July 1, 1944 (58 Stat. 682, as amended
(42U.5.C. 200 et seq.)) or subfect to part
0: 12) Ingredients packaged together
with containers intended for the collec-
vion, processing, ot storags of blood or
blood components; (3) urokinass prod-
ucts; (4) plasma volume expanders and
hydroxyethy! starch for lenkapheresis;
and (§) coupled antibodizs, i.e., prod-
nets that consist of an antibody com-
ponent coupled with a drug or radio-
nue}lde component {n which both com-
ponents provids a pharmacological efe

" fact but the blological component de-

termines the site of action.

{50 FR 8831, Mar. 6. 1987, 25 smended at 5.

{a) FDA has made availahle guide-'

lings under §10.90(b) to help persons to

this part, -

(b) The Center for Drug Evaluation
and Research and the Center for Bio-
logics Evaluation and Research main.
tain lists of guldelines that apply to
the Centers' regulations, The lists
state how a person can obtain a copy of
each guideling. A request for a copy of
the lists should be directed to the
CDER Erecutive Secretariat Staff
(HFD-§), Center for Drug Evaluation
and Research, Food and Drug Adminis-
tration, 5600 Fishers Lane, Rockvills,
MD 20857, for drug products, and the

Congressional, Consumer, and Inter-

nz.donal Affalrs Stafl (HFB-142), Cen.
ter for Biologles Evaluation and Re-
gearch, Food and Drug Administration,
8800 Rockville Pike, Bethesda, MD
20892, for biological products,

FR 11560, Mar, 29, 1990; 56 ¥P "7, Ja, 41,
1931; §7 FR. 10814, Mar, 3}, 1992
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“Jubpart G=Drugs for Invest o
fional Use In Laboratory Re

search Animals or In Vﬂro
Taste

$312.180 for investigational use
%: lahgzzigiy research animals or

(a) .duthcﬂznﬂpn to ship. (1)(1) A pers

300 may ship a drug Intended solely for.

tests {n vitro or {n animals used only

for laborator: search purposes I¢ 1t s

labeled a3 follows:

CAUTION: Contatns & new drug for Inves.
tigational usé only in laboratory research

animals, or for teats in vitro, Nol. for use in
humana,

(1) A person nmsr mﬂp‘a biologieal
product for Investigational fn-vitro di-
agnostic use that i3 lMisted in
§312.2(0)(2)(10) 1L 1¢ 18 labeled as follows:

CAUTION: Contalns a biologiea) product

(or invesumioml n vitro nlugnostic tests
aly.

{2) A person shipping & drug under
paagraph (a) of this section shall use
iue diligence to assure that the con-
lignee {8 regularly emgaged ln conm-
iucting such tests and that the ship.
nent of the new drug will actually be
wed for tests In vitro or in animals
13ed onily for laboratory research,
(3 A person who ships a drug under
aragraph (8) of this section shall
naintain adequate records showing the
1ame 20d post office address of the ex.
ert to whom the drug is shipped and
he date, quantity, and batch or code
aark of each shipment and delivery,
tecords of shipments under paragraph
1(1(0) of $his section are to be main-
Alned for & perfod of 2 years after the
hiprhent, Records-and reports of data
nd  shipments under paragraph
() of this seetion are to be main-
vined In accordance with §312.67(b).
he person who ships the drug shall
pon request from apy properly -au-
torized offfeer or employee of the
ood and Drug Admindstration, at rea.
nable times, permit such officer or
nployee to have access to and copy
18 verlfy records required to be main-
Jned under this section,
(b) Termination of authorization to
ip. FDA may terminate authoriza-
.ontoshipa drug under thia sectlon if

21 CER Ch. 1 (4-1-49 lon '
" (1) The sponsor of the fuvestipation

hes falled to comply with any of the
conditions for shipment established
under this section; or

(2) The continuance of the {nvestips.
tlon {8 unsafe or otherwise contrapy to
the public interest or the drug (s used

* for purposes other than bona fide sole
entific investigation, FDA will notity”
the person shipping the drug of tts find-

ing and Invite immediate correction, It
correction s not immediately mads,
the person shall have an opportunity
for a regulatory hearing before FDA
putsuant to part 16, ‘

(c} Disposition of unused drug. The
person who ships the drug under pars-
graph (a) of-this section shall asmure
the return of all unused supplies of the

drug from individusl investigatony

whenever the investigation dlscon.

tinues or the fnvestigation fs termt.

nated. The person who ships the drug
may anthotize {n writing alternative
disposition of unused supplies of the

“drug provided this alternative dlsposi-

‘tion does not expose humans to risks
‘from the drag, efther directly or indi.
rectly (e, through food-producing
animals). The shipper shall maintaln
records of any alternative disposition,

{Collection of information rcqﬁlremems i,

proved by the Office of Management and
Budget under control number 1910-0014)

(50 FR 6831, Mar; 19, 1987, a3 emended at 52

FR 23031, June 17, 1687, Redesignated at &
FRA1523, Qct. 21, 1983)

PART 314=APPLICATIONS FOR FDA
g:ggom 10 MARKET A NEW

Subpart A=Ganeral Provisions

See,

3141 Scope of thls part.
3142 Purpose,

3143 Delinitions.

~ Subpert B=Applicetions

31450 Content and format of an applcation,

31452 Nutlee of certification of lnvalidity
or noninfringement of a patent,

3450 Suhmission of patent fnformation,

31454 Procedure for submission of an appll-
eation wpuiring investizations for ap.
proval of a new {ndication rcr. or uther

dlrug; --

food and Drug Admivshaion, HHS

4146 Amendments to an unapproved appll-

atlon.

M8 Withdrawal by the applimt of an une
approved application.

10 Supplerents and othet changes to 8
spproved application, :

ML Procedures for submission of a supe
plement to an approved application,

A1 Change fn ownership of an applica:

tlon.

41440 Postmarketing reporting of adverse
. drug experiences,

MH (}therpostmsrmlnmpom

Y Watvers.

Sibpt C=Abbroviced Applcchions

31480 Drug products for which abbreviated:
applications may be submitted,

149 Petition to request a change from &
liated drug.

3484 Content and format of an abbreviated

application.

2485 Notlee of certification of fnvalidity
or noninftingement of a patent,

943 Amen:nents to-an unapproved abbre:
viated application,

L Supplements and other changes 0 an
approved abbreviated application.

NS Postmarketing reports,

31459 Qther responsibilities of an tpptlm&
of an abbreviated application,

Subparl D=FDA Action on Applications

ond Abbrevicted Applications

911100 Timelramen for reviewing applles-
tions and abbreviated applications,

U0 Filleg an application and recelving

an ahbreviated new drug appiication,
210102 Communications between FDA and
applicents,
4103 Dispute resolation,
94IM Drugs with poteatial for abuse,
214305 Approval of an appiication and an
abhreviated appllcation.

C e Forelgn data,

14,107 Fifective date of approval of 2
505(h2) application or Abhreviated new
drug application under section 505()) of
theact.,

14108 New drug product exclusivity,

60 Approvable letter to the applicant,

NAW Not appmuahle fetter to the appll-.

cant,

" 412 Submitting an !.hhmint!ﬁ applicas

tion for, of & 505))2)(C) peeition that re
lies on, & llsted drug that §3 no longer
marketed,

30128 Refusal to approve an application,

I8 Adequm,mnd well-controlled stud:

fas,

{30127 Refussl to approve an abbreviated

new drug application.

- IM 162, Withdrawal pf:aporoval of an. applftl‘ﬂsom 9-FR U9 Feb,lrn. m'

b

%" . 6r abhrevie

.34

814150 Withdrawal of appraval of an abbre-
visted new drag application under seo-
tlon 305()(6) of tha act.

314158 Notics of withdrewal of approval of

. snapplication or sbbreviated applicaticn
for a new drug,

314153 Suspension of approval of an abbte
viated new drug application,

314160 Approval of sn application of abbre.
viated applleation for which approval
was previously refused, suspended, or
withdrawn,

314161 Determination of reasons for vol -

untary withdrn ) of 2 listed drug,
314162 Removal of a drug product (rom the
1it.

814170 Adulteration and misbranding of an
approved drug.

Subpar E~Hoaing ProceduresfotNew
Ongs

51420 Noties of opportunity for hearing
notlce of participation and request for
hearing: grant or denial of hearing.

314201 Procedurs for hearings.

25 Judielnl review,

. Subpart FeAdminishrotive Procedures for
Antibiotics

814500 Procedute for the issuance, amend-

. ment,.or repeal of regulations.
Subpart G—-Mlsoeﬂmm Provisions

314410 Imiports and exports of new drags,

314420 Drug master files,

314430 Avaflability for public disclosare of
dats and inforration in an applieation
of abbreviated application.

1440 Addresses for apptications aud b
breviated applications,

4445 Quidelines.

Subpart H=Accelercled Approval of New
" Drugs for Serious of Lite-Threctening M-
nesses

3450 Seape,

314510 Approva) based on & Surrogute end-
point or on an effect on a clinjcal end-
point other than sutvival or irreversibie
morbldity.

314.520 Approval with restrictions to assure
eafe use,

31450 Withdrawal procedures,

34540 Postmarketing safety reporting.
N4550 Promotional materials.

4,560 Termination of requirements.

Amammusc ., 331 351, 352, 889,
35, 3M, 4, 305

e

3.‘.._.
g
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.{ _/ DEPARTMENT OF HEALTH AND HUMAN SERVICES

R,

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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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,

. Dillon- /
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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