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Wound Healing

RELATED APPLICATION
[0001] This application claims priority to and the benefit of United States Provisional
Application Serial No. 60/691,909, filed June 17, 2005, and United States Provisional
Application Serial No. 60/794,008, filed April 21, 2006, the specifications of which are

incorporated herein in their entirety.

FIELD OF THE INVENTION
[0002]} The invention relates to methods of accelerating or improving wound healing

by administering vascular endothelial growth factor (VEGF).

BACKGROUND
[0003] Wound healing is a complex process, involving an inflammation phase, a
granulation tissue formation phase, and a tissue remodeling phase. Singer and Clark,
Cutaneous Wound Healing, N. Engl. J. Med. 341:738-46 (1999). These events are triggered |

by cytokines and growth factors that are released at the site of injury. Many factors can

- complicate or interfere with normal adequate wound healing. For example, such factors
include age, infection, poor nutrition, immunosuppression, medications, radiation, diabetes,
peripheral vascular disease, systemic illness, smoking, stress, etc. '

[0004] For patients with diabetes, which is a chronic, debilitating disease that will
affect approximately 20 million people in the United States in 2005, development of a
diabetic foot ulcer (also referred to as a wound) is a common complication. A chronic ulcer
is defined as a wound that does not proceed through an orderly and timely repair process to

produce anatomic and functional integrity (see, e.g., Lazarus et al., Definitions and suidelines

for assessment of wounds and evaluation of healing, Arch. Dermatol. 130:489-93 (1994)).

By its nature, the diabetic foot ulcer is a chronic wound (American Diabetes Association,

Consensus development conference on diabetic foot wound care, Diabetes Care, 22(8):1354-

60 (1999)). Because the skin serves as the primary barrier again the environment, an open
refractory wound can be catastrophic; a major disability (includin g 1limb loss) and even death
can result. Foot ulceration is the precursor to about 85% of lower extremity amputations in

persons with diabetes. See, e.g., Apelquist, et al., What is the most effective way to reduce
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incidence of amputation in the diabetic foot? Diabetes Metab Res. Rev., 16(1 Suppl.): S75-
S83 (2000).

[0005] It has been reported that there are over thirty-five million cutaneous wounds

'requiring intervention annually in the US. See, e.g., Tonnesen et al., Angiogenesis in Wound
Healing JID Symposium Proceedings 5(1):40-46 (2000). Current wound care therapies have
not been very successful due to their disappointing efficacy and to their cost. Thus, there is a
need to enhance and optimize wound healing therapies for subjects. The present invention

addresses these and other needs, as will be apparent upon review of the following disclosure.

SUMMARY
[0006] +  Methods for accelerating the healing of wounds, e.g., acute (e.g., burn,
surgical wound, etc.) or chronic (e.g., diabetic ulcer, pressure ulcer, a decubitus ulcer, a
venous ulcer, etc.), or normal, are provided. Methods for improving wound healing along
and reducing the amount of recurrences of ulcers with the administration of vascular
endothelial growth factor (VEGF) are also provided. Methods include, e.g., a method of
accelerating wound healing in a subject, where a method comprises administering an
effective amount of VEGF to a wound, where the administration of the effective amount of
VEGEF accelerates wound healing greater than 50%, or equal to or greater than 60%, equal to
or greater than 70%, equal to or greater than 74%, equal to or greater than 75%, equal to or
greater than 80%, equal to or greater than 85%, equal to or greater than 90%, equal to or
greater than 95%, equal to or greater than 100%, equal to or greater than 110% or more, when
compared to a control. A control includes, but is not limited to, e.g., a subject who is not
administered treatment, or a subject who is administered sub-therapeutic amount of VEGF, or
a subject who is administered another wound treatment, or a subject who is administered a
plaéebo, either with or without Good Wound Care (GWC), or a subject who is administered
GWC alone. GWC can include, but is not limited to, e. g., debridement, cleaning/dressings,
pressure relief, infection control, and/or combinations thereof. In one embodiment, a method
of accelerating wound healing in a human subject includes administering an effective amount
of VEGF to a wound, wherein the administration of the effective amount of VEGF
accelerates wound healing greater than 60% when compared a control and wherein the
wound is present on the subject for about 4 weeks or more before administering the effective
amount of VEGF. In one embodiment, a method of accelerating wound healing in a human
subject includes administering an .effective amount of thVEGF165 to a diabetic wound,

where the administration of the effective amount of thVEGF165 accelerates wound healing
2
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greater than 60% when compared a control. In certain embodiments, a VEGFR agonist can
be used in place of or with VEGF in the methods.

[0007] Assessment of wound healing can be determined, e.g., by the % reduction in
the wound area, or complete wound closure. The wound. area can be determined by
quantitative analysis, e.g., area measurements of the wound, planimetric tracings of the
wound, etc. Complete wound closure can be determined by, e.g., skin closure without
drainage or dressing requirements. Photographs of the wound, physical examinations of the
wound, etc. can also be used to assess wound healing. Acceleration of wound healing can be
expressed in terms of % acceleration or expressed in terms of a Hazard ratio as a time to
healing (e.g., VEGF verses a control, e.g., a placebo), etc. In certain embodiments of the
invention, the Hazard ratio (HR) is greater than or equal to 1.75, or greater than or equal to
1.8, or greater than or equal to 1.85, or greater than or equal to 1.87, or greater than or equal
to 1.9, or greater than or equal to 1.95, or greater than or equal to 1.98, or greater than or
equal to 2.0, or greater than or equal to 2.1 or more.

[0008] In one embodiment, the wound further comprises an infection. In another
emb(_)diment, the wound is an ischemic wound. In one embodimeht, the wound area before
treatment is about 0.4 cm? or more, or about 1.0 cm? or more, or between about 1.0 cm? and
about 10.0 cm?, or between about 1.0 cm? and about 6.5 cmz, or between about 1.0 cm?® and
about 5.0 cm®. In a further embodiment, the wound area is determined before treatment with
VEGF but after debridement. In one embodiment, the wound is present on the subject for
about 4 weeks or more, or about 6 weeks or more, before administering the VEGF. In certain
aspects of the invention, the subject is or has undergone a treatment, where the treatment
delays or prdvides ineffective wound healing. In another embodiment, the subject has a
secondary condition, wherein the secondary condition delays or provides ineffective wound
healing. In a further embodiment, the secondary condition is diabetes. |
[0009] In one embodiment, the VEGF administered is VEGF¢s (e.g., recombinant
human VEGF (e.g., human VEGFjes)). In one embodiment, the VEGF is administered
topically. In certain embodiments, VEGF is administered in combination with other factors
that accelerate wound healing (e.g., angiogenesis factor or agent, wound healing agent or
procedure, growth factor, etc.). The VEGF can be formulated in, e. g., a slow-release
formulation, a gel formulation, a bandage or dressing, etc. In certain embodiments, the
subject is a human. In one embodiment, the effective amount of VEGF administered is about
20 pglem® to about 250 ug/cm?. In certain embodiments, the effective amount administered

is about 24 pg/cm?, or 24 p g/lem?. In certain embodiments, the effective amount administered
3
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is about 72 pg/em?, or 72 pglem®. In certain embodiments, the effective amount administered
is about 216 pg/cm?, or 216 ug/em®.  In one embodiment, the effective amount of VEGF
administered is 20 ug/cm2 to 250 pg/em?. In certain embodiments, the effective amount
administered is about 24 pg/cm? to about 216 pg/em?, or 24 nglem? to 216 pg/cm™ In certain
embodiments, the effective amount administered is about 24 p.g/cm? to about 72 p.g/em?, or
24 pg/em® to 72 ug/em?®. In certain embodiments, the effective amount administered is about
72 pg/em? to about 216 pg/em?, or 72 pg/em? to 216 pg/cm’. In certain embodiments, the
effective amount administered is about 216 pg/cm? to about 250 pg/cm’, or 216 pg/cm’ to
250 nglem?,

[0010] The administration of the effective amount of VEGF can be daily or optionally
a few times a week, e.g., at least twice a week, or at least three times a week, or at least four
times a week, or at least five times a week, or at least six times a week. In one embodiment,
VEGEF is administered for at least six weeks, or greater than six weeks, or at least about
twelve weeks, or until complete wound closure (e.g., which can be determined by skin
closure without drainage or dressing requirements). In one embodiment, VEGF is
administered for less than 20 weeks for one treatment course.

[0011]  Methods of the invention also include a method of improving wound healing
in a population of subjects. For example, a method comprises administering an effective
amount of VEGF to a wound of a subject of the population, where the administration of the
effective amount of VEGF results in greater than‘ 10% (or greater than 12%, or 14%, or 15%,
or 17%, or 20%, or 25%, or 30%, or 33%, or 35%, or 40%, or 45%, or 50% or more)
improvement in wound healing in the population compared to a control population. For
example, a control population includes, but is not limited to, e. g., subjects who are not
administered treatment, or subjects who are administered sub-therapeutic amount of VEGF,
or subjects who are administered another wound treatment, or subjects who aré administered
a placebo, either with or without Good Wound Care (GWC), or subjects who are |
administered GWC alone. In one embodiment, improved wound healing is assessed by
complete wound healing. In certain embodiments of the invention, the popuIation includes
subjects with impaired wound healing. In one embodiment, the population is diabetic
patients with chronic wounds, e.g., for about 4 weeks or more before treatment.

[0012] Methods for reducing the recurrence of ulcers are also provided by the
invention. For example, a method comprises administering an effective amount of VEGF to
an ulcer, where the incidence of ulcer formation is reduced with VEGF administration

compared to a control. For example, a control includes, but is not limited to, e.g., a subject
' 4



WO 2006/138468 PCT/US2006/023318

who is not administered treatment, or a subject who is administered sub-therapeutic amount
of VEGEF, or a subject who is administered another wound treatment, or a subject who is
administered a placebo, either with or without Good Wound Care (GWC), or a subject who is

administered GWC alone.

BRIEF DESCRIPTION OF THE FIGURES
[0013] Fig. 1 illustrates a study design, e.g., VGF 2763 g, for administering thVEGF

for the treatment of diabetic wounds.
[0014] Fig. 2 illustrates dose-response curve of the addition of thVEGF in a rabbit
ischemic ear wound.model at day 14.
[0015] Fig. 3 illustrates a does-response curve of the addition of thVEGF in a diabetic
mouse model at day 8.
DETAILED DESCRIPTION
[0016] Definitions
[0017] Before describing the invention in detail, it is to be understood that this

invention is not limited to particular compositions or biological systems, which can, of
course, vary. It is also to be understood that the terminology used hetein is for the purpose of
describing particular embodiments only, and is not intended to be limiting. As used in this
specification and the appended claims, the singular forms "a", "an" and "the" include plural
referents unless the content clearly dictates otherwise. Thus, for example, reference to "a

molecule" optionally includes a combination of two or more such molecules, and the like.

[0018] The term " VEGF" (also referred to as VEGF-A) as used herein refers to
vascuiar endothelial cell gfowth factor protein. The term "human VEGEF" (also referred to as
human VEGF-A) as used herein refers to the 165-amino acid human vascular endothelial cell
growth factor, and related 121-, 145-, 183- 189-, and 206-, (and other isoforms) amino acid
vascular endothelial cell growth factors, as described by Leung et al., Science 246:1306
(1989), and Houck et al., Mol. Endocrin. 5:1806 (1991) together with the naturally occurring
allelic and processed forms of those growth factors.

[0019] A “native sequence” polypeptide comprises a polypeptide having the same
amino acid sequence as a polypeptide derived from nature. Thus, a native sequence
polypeptide can have the amino acid sequence of naturaily occurring polypeptide from any
mammal. Such native sequence polypeptide can be isolated from nature or can be produced

by recombinant or synthetic means. The term "native sequence” polypeptide specifically
5
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encompasses naturally occurring truncated or secreted forms of the polypeptide (e.g., an
extracellular domain sequence), naturally occurring variant forms (e.g., alternatively spliced
forms) and naturally occurring allelic variants of the polypeptide.

[0020] A polypeptide “variant” means a biologically active polypeptide having at
least about 80% amino acid sequence identity with the corresponding native sequence
polypeptide, or fragment thereof. Such variants include, for instance, polypeptides wherein
one or more amino acid residues are added, or deleted, at the N- and/or C-terminus of the
polypeptide. Ordinarily, a variant will have at least about 80% amino acid sequence identity,
or at least about 90% amino acid sequence identity, or at least about 95% or more amino acid
sequence identity with the native sequence polypeptide, or fragment thereof. Analogues or
variants are defined as molecules in which the amino acid sequence, glycosylation, or other
feature of native VEGF has been modified covalently or noncovalently.

[0021] The term “VEGEF variant" as used herein refers to a variant as described above
and/or an VEGF which includes one or more amino acid mutations in the native VEGF
sequence. Optionally, the one or more amino acid mutations include amino acid
substitution(s). VEGF and variants thereof for use in the invention can be prepared by a
variety of methods well known in the art. Amino acid sequence variants of VEGF can be
prepared by mutations in the VEGF DNA. Such variants include, for example, deletions
from, insertions into or substitutions of residues within the amino acid sequence of VEGF,
e.g., a human amino acid sequence encoded by the nucleic acid shown in 5,332,671,
5,194,596; or 5,240,848. Any combination of deletion, insertion, and substitution may be
made to arrive at the final construct having the desired activity, e.g., VEGF activity, e.g.,
accelerating wound healing. The mutations that will be made in the DNA encoding the
variant must not place the sequence out of reading frame and preferably will not create
complementary regions that could produce secondary mRNA structure. EP 75,444A. VEGF -
variants can be assessed for VEGF activity, e.g., by a cell proliferation assay. For example,
a cell proliferation assay includes increasing the extent of growth and/or réproduction of the
cell relative to an untreated cell or a reduced treated cell either in vitro or in vivo. An increase
in cell proliferation in cell culture can be detected by counting the number of cells before and
after exposure to a molecule of interest. The extent of proliferation can be quantified via
microscopic examination of the degree of confluence. Cell proliferation can also be
quantified using the thymidine incorporation assay.

[0022] The VEGEF variants optionally are prepared by site-directed mutagenesis of

nucleotides in the DNA encoding the native VEGF or phage display techniques, thereby
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producing DNA encoding the variant, and thereafter expressing the DNA in recombinant cell
culture.

[0023] While the site for introducing an amino acid sequence variation is
predetermined, the mutation per se need not be predetermined. For example, to optimize the
performance of a mutation at a given site, random mutagenesis may be conducted at the
target codon or region and the expressed VEGF variants screened for the optimal
combination of desired activity. Techniques for making substitution mutations at
predetermined sites in DNA having a known sequence are well-known, such as, for example,
site-specific mutagenesis. Preparation of the VEGF variants described herein can be
achieved by phage display techniques, such as those described in the PCT publication WO
00/63380.

[0024] After such a clone is selected, the mutated protein region may be removed and
placed in an appropriate vector for protein production, generally an expression vector of the
type that may be employed for transformation of an appropriate host.

[0025] Amino acid sequence deletions generally range from about 1 to 30 residues,
optionally 1 to 10 residues, optionally 1 to 5 or less, and typically are contiguous.

[0026] Amino acid sequence insertions include amino- and/or carboxy1~terminal_
fusions of from one residue to polypeptides of essentially unrestricted length as well as
intrasequence insertions of single or multiple amino acid residues. Intrasequence insertions
(i.e., insertions within the native VEGF sequence) may range generally from about 1 to 10
residues, optionally 1 to 5, or optionally 1 to 3. An example of a terminal insertion includes a
fusion of a signal sequence, whether heterologous or homologous to the host cell, to the N-
terminus to facilitate the secretion from recombinant hosts.

[0027] Additional VEGEF variants are those in which at least one amino acid residue
in the native VEGF has been removed and a different residue inserted in its place. Such
substitutions may be made in accordance with those shown in Table 1. VEGF variants can
also comprise unnatural amino acids as described herein.

[0028] Amino acids may be grouped according to similarities in the properties of their
side chains  (in A. L. Lehninger, in Biochemistry, second ed., pp. 73-75, Worth Publishers,
New York (1975)): |

(1) non-polar: Ala (A), Val (V), Leu (L), e (I), Pro (P), Phe (F), Trp (W), Met (M)

(2) uncharged polar: Gly (G), Ser (S), Thr (T), Cys (C), Tyr (Y), Asn (N), Gln (Q)

(3) acidic: Asp (D), Glu (E)

(4) basic: Lys (K), Arg (R), His(F)
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[00291 Alternatively, naturally occurring residues may be divided into groups based
on common side-chain properties:

(1) hydrophobic: Norleucine, Met, Ala, Val, Leu, Ile;

(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;

(3) acidic: Asp, Glu;

(4) basic: His, Lys, Arg;

(5) residues that influence chain orientation: Gly, Pro;

(6) aromatic: Trp, Tyr, Phe.

Table 1
Original Exemplary Preferred
Residue " Substitutions Substitutions
Ala (A) Val; Leu; lle Val
Arg (R) Lys; Gln; Asn Lys
Asn (N) Gln; His; Asp, Lys; Arg Gln
Asp (D) Glu; Asn ' Glu
Cys (C) Ser; Ala Ser
Gln (Q) Asn; Glu Asn
Glu (E) Asp; Gln Asp
Gly (G) Ala Ala
His (H) Asn; Gln; Lys; Arg Arg
e () Leu; Val; Met; Ala; Leun
Phe; Norleucine
Leu (L) Norleucine; Ile; Val; Ile
Met; Ala; Phe
Lys (K) Arg; Gln; Asn Arg
Met (M) - | Leu; Phe; Ile Leu
Phe (F) Trp; Leu; Val; Ile; Ala; Tyr Tyr
Pro (P) Ala Ala
Ser (S) Thr Thr
Thr (T) Val; Ser Ser
Trp (W) Tyr; Phe Tyr
Tyr (Y) Trp; Phe; Thr; Ser Phe
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Val (V) Lle; Leu; Met; Phe; Leu

Ala; Norleucine

[0030] “Naturally occurring amino acid residues” (i.e. amino acid residues encoded
by the genetic code) may be selected from the group consisting of: alanine (Ala); arginine
(Arg); asparagine (Asn); aspartic acid (Asp); cysteine (Cys); glutamine (Gln); glutamic acid
(Glu); glycine (Gly); histidine (His); isoleucine (Ile): leucine (Leu); lysine (Lys); methionine
(Met); phenylalanine (Phe); proline (Pro); serine (Ser); threonine (Thr); tryptophan (Trp);
tyrosine (Tyr); and valine (Val). A “non-naturally occurring amino acid residue” refers to a
residue, other than those naturally occurring amino acid residues listed above, which is able
to covalently bind adjacent amino acid residues(s) in a polypeptide chain. Examples of non-
naturally ocqurring amino acid residues include, e.g., norleucine, ornithine, norvaline,
homoserine and other amino acid residue analogues such as those described in Ellman et al.
Meth. Enzym. 202:301-336 (1991) & US Patent application publications 20030108885 and
20030082575. Briefly, these procedures involve activating é suppressor tRNA with a non-
naturally occurring amino acid residue followed by in vitro or in vivo transcription and
translation of the RNA. See, e.g., US Patent application publications 20030108885 and
20030082575; Noren et al. Science 244:182 (1989); and, Ellman et al., supra.

[0031] . "Percent (%) amino acid sequence identity" herein is defined as the percentage
of amino acid residues in a candidate sequence that are identical with the amino acid residues
in a selected sequence, after aligning the sequences and introducing gaps, if necessary, to
achieve the maximum percent sequence identity, and not considering any conservative
substitutions as part of the sequence identity. Alignment for purposes of determining percent :
amino acid sequence identity can be achieved in various ways that are within the skill in the
art, for instance, using publicly available computer software such as BLAST, BLAST-2,
ALIGN, ALIGN-2 or Megalign (DNASTAR) software. Those skilled in the art can
determine appropriate parameters for measuring alignment, including any algorithms needed
to achieve maximal alignment over the full-length of the sequences being compared. For
purposes herein, however, % amino acid sequence identity values are obtained as described
below by using the sequence comparison computer program ALIGN-2. The ALIGN-2
sequence comparison computer program was authored by Genentech, Inc. has been filed with
user documentation in the U.S. Copyright Office, Washington D.C., 20559, where it is
registered under U.S. Copyright Registration No. TXU510087, and is publicly available
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through Genentech, Inc., South San Francisco, California. The ALIGN-2 program should be
compiled for use on a UNIX operating system, preferably digital UNIX V4.0D. All
sequence comparison parameters are set by the ALIGN-2 program and do not vary.
[0032] For purposes herein, the % amino acid sequence identity of a given amino acid
sequence A to, with, or against a given amino acid sequence B (which can alternatively be
phrased as a given amino acid sequence A that has or comprises a certain % amino acid
sequence identity to, with, or against a given amino acid sequence B) is calculated as follows:
100 times the fraction X/Y
where X is the number of amino acid residues scored as identical matches by the sequence
alignment program ALIGN-2 in that program’s alignment of A and B, and where Y is the
total number of amino acid residues in B. It will be appreciated that where the length of
amino acid sequence A is not equal to the length of amino acid sequence B, the % amino acid
sequence identity of A to B will not equal the % amino acid sequence identity of B to A.
[0033] The term "VEGF receptor" or "VEGFR" as used herein refers to a cellular
receptor for VEGF, ordinarily a cell-surface receptor found on vascular endothelial cells, as
well as variants thereof which retain the ability to bind VEGF.
[0034] The term “VEGFR agonist” refers to a molecule that can activate a VEGE
receptof or increase its expression. VEGFR agonists include, but are not linmiied to, e.g.,
ligand agonists of a VEGFR, VEGF variants, antibodies and active fragments. VEGF is a
VEGFR agonist, but herein it is separately listed and referred to. The term “Anti-VEGFR
antibody” is an antibody that binds to VEGFR with sufficient affinity and specificity. In one
embodiment, the anti-VEGFR agonist antibody of the invention can be used as a therapeutic
agent in treating wounds. In another embodiment, a VEGF variant can be used as a
therapeutic agent in treating wounds.
[0035] The term "antibody” is used in the broadest sense and includes monoclonal
antibodies (including full length or intact monoclonal antibodies), polyclonal antibodies,
multivalent antibodies, multispecific antibodies (e.g., bispecific antibodies), and antibody
fragments so long as they exhibit the desired biological activity.
[0036] Unless indicated otherwise, the expression “multivalent antibody” is used to
denote an antibody comprising three or more antigen binding sites. The multivalent antibody
is typically engineered to have the three or more antigen binding sites and is generally not a
native sequence IgM or IgA antibody.
[0037] "Antibody fragments” comprise only a portion of an intact antibody, generally

including an antigen binding site of the intact antibody and thus retaining the ability to bind
10
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antigen. Examples of antibody fragments encompassed by the present definition include: (i)
the Fab fragment, having VL, CL, VH and CH1 domains; (ii) the Fab’ fragment, which is a
Fab fragment having one or more cysteine residues at the C-terminus of the CH1 domain;
(iii) the Fd fragment having VH and CH1 domains; (iv) the Fd’ fragment having VH and
CH1 domains and one or more cysteine residues at the C-terminus of the CH1 domain; (v)
the Fv fragment having the VL and VH domains of a single arm of an ahtibody; (vi) the dAb
fragment (Ward et al., Nature 341, 544-546 (1989)) which consists of a VH domain; (vii)
isolated CDR regions; (viii) F(ab')2 fragments, a bivalent fragment including two Fab’
fragments linked by a disulphide bridge at the hinge region; (ix) single chain antibody
molecules (e.g. single chain Fv; scFv) (Bird et al., Science 242:423-426 (1988); and Huston
et al.,, PNAS (USA) 85:5879-5883 (1988)); (x) “diabodies” with two antigen binding sites,
comprising a heavy chain variable domain (VH) connected to a light chain variable domain
(VL) in the same polypeptide chain (see, e.g., EP 404,097, WO 93/11161; and Hollinger et
al., Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993)); (xi) “linear antibodies” comprising a
pair of tandem Fd segments (VH-CH1-VH-CH1) Which, together with complementary light
chain polypeptides, form a pair of antigen binding regions (Zapata et al. Protein Eng.
8(10):1057 1062 (1995); and US Patent No. 5,641,870). _

[0038] The term "monoclonal antibody" as used herein refers to an antibody obtained
from a population of substantially homogeneous antibodies, i.e., the individual antibodies
comprising the population are identical except for possible naturally occurring mutations that
may be present in minor amounts. Monoclonal antibodies are highly specific, being directed
against a single antigen. Furthermore, in contrast to polyclonal antibody preparations that
typically include different antibodies directed against different determinants (epitopes), each
monoclonal antibody is directed against a single determinant on the antigen. The modifier
"monoclonal” is not to be construed as requiring prdduction of the antibody by any particular
method. For example, the monoclonal antibodies to be used in accordance with the present
invention may be made by the hybridoma method first described by Kohler et al., Nature
256:495 (1975), or may be made by recombinant DNA methods (see, e.g., U.S. Patent No.
4,816,567). The "monoclonal antibodies" may also be isolated from phage antibody libraries
using the techniques described in Clackson et al., Nature 352:624-628 (1991) or Marks et al.,
J. Mol. Biol. 222:581-597 (1991), for example.

[0039] The monoclonal antibodies herein specifically include "chimeric" antibodies
in which a portion of the heavy and/or light chain is identical with or homologous to

corresponding sequences in antibodies derived from a particular species or belonging to a
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particular antibody class or subclass, while the remainder of the chain(s) is identical with or
homologous to corresponding sequences in antibodies derived from another species or
belonging to another antibody class or subclass, as well as fragments of such antibodies, so
long as they exhibit the desired biological activity (U.S. Patent No. 4,816,567; and Morrison
et al., Proc. Natl. Acad. Sci. USA 81:6851-6855 (1984)). '
[0040] "Humanized" forms of non-human (e.g., murine) antibodies are chimeric
antibodies that contain minimal sequence derived from non-human immunoglobulin. For the
most part, humanized antibodies are human immunoglobulins (recipient antibody) in which
residues from a hypervariable region of the recipient are feplaced by residues from a
hypervariable region of a non-human species (donor antibody) such as mouse, rat, rabbit or
nonhuman primate having the desired specificity, affinity, and capacity. In some instances,
framework region (FR) residues of the human immunoglobulin are replaced by
corresponding non-human residues. Furthermore, humanized antibodies may comprise
 residues that are not found in the recipient antibody or in the donor antibody. These
modifications are made to further refine antibody performance. In general, the humanized
antibody will comprise substantially all of at least one, and typically two, variable domains,
in which all or substantially all of the hypervariable loops correspond to those of a non-
human immunoglobulin and all or substantially all of the FRs are those of a human
immunoglobulin sequence. The humanized antibody optionally will also comprise at least a
portion of an immunoglobulin constant region (Fc), typically that of a human
immunoglobulin. For further details, see Jones et al., Nature 321:522-525 (1986);

- Riechmann et al., Nature 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol. 2:593-596
(1992).

[0041j A “human antibody” is one which possesses an amino acid sequence which
corresponds to that of an antibody produced by a human and/or has been made using any of
the techniques for making human antibodies as disclosed herein. This definition of a human
antibody specifically excludes a humanized antibody comprising non-human antigen-binding
residues. Human antibodies can be produced using various techniques known in the art. In
one embodiment, the human antibody is selected from a phage library, where that phage
library expresses human antibodies (Vaughan et al. Nature Biotechnology 14:309-314
(1996): Sheets et al. PNAS (USA) 95:6157-6162 (1998)); Hoogenboom and Winter, J. Mol
Biol., 227:381 (1991); Marks et al., J. Mol. Biol., 222:581 (1991)). Human antibodies can
also be made by introducing human immunoglobulin loci into transgenic animals, e.g., mice

in which the endogenous immunoglobulin genes have been partially or completely
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inactivated. Upon challenge, human antibody production is observed, which closely
resembles that seen in humans in all respects, including gene rearrangement, assembly, and
antibody repertoire. This approach is described, for example, in U.S. Patent Nos. 5,545,807,
5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661,016, and in the following scientific
publications:' Marks et él., Bio/Technology 10: 779-783 (1992); Lonberg et al., Nature 368:
856-859 (1994); Morrison, Nature 368:812-13 (1994); Fishwild et al;, Nature Biotechnology
14: 845-51 (1996); Neuberger, Nature Biotechnology 14: 826 (1996); Lonberg and Huszar,
Intern. Rev. Immunol. 13:65-93 (1995). Alternatively, the human antibody may be prepared
via immofcalizatidn of human B lymphocytes producing an antibody directed against a target
antigen (such B lymphocytes may be recovered from an individual or may have been
immunized in vitro). See, e.g., Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan
R. Liss, p. 77.(1985); Boerner et al., J. Immunol., 147 (1):86-95 (1991); and US Pat No.
5,750,373.

[0042] Diabetes is a chronic disorder affecting carbohydrate, fat and protein
metabolism in animals. Diabetes is the leading cause of blindness, renal failure, and lower
limb amputations in adults and is a major risk factor for cardiovascular disease and stroke.
[0043] Type I diabetes mellitus (or insulin-dependent diabetes mellitus ("IDDM") or
Juvenile-onset diabetes) comprises approximately 10% of all diabetes cases. The disease is
characterized by a progressive loss of insulin secretory function by beta cells of the pancreas.
This characteristic is also shared by non-idiopathic, or "secondary”, diabetes having its
origins in pancreatic disease. Type I diabetes mellitus is associated with the following clinical
signs or symptoms, e.g., persistently elevated plasma glucose concentration or
hyperglycemia; polyuria; polydipsia and/or hyperphagia; chronic microvascular
complications such as retinopathy, nephropathy and neuropathy; and macrovascular
complications such as hyperlipidemia and hypertension which can lead to blindness, end-
stage renal disease, limb amputation and myocardial infarction.

[0044] Type II diabetes mellitus (non-insulin-dependent diabetes mellitus or NIDDM)
is a metabolic disorder involving the dysregulation of glucose metabolism and impaired
insulin sensitivity. Type II diabetes mellitus usually develops in adulthood and is associated
with the body's inability to utilize or make sufficient insulin. In addition to the insulin
resistance observed in the target tissues, patients suffering from type II diabetes mellitus have
a relative insulin deficiency--that is, patients have lower than predicted insulin levels fora
given plasma glucose concentration. Type II diabetes mellitus is characterized by the

following clinical signs or symptoms, e.g., persistently elevated plasma glucose concentration
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or hyperglycemia; polyuria; polydipsia and/or hyperphagia; chronic microvascular
complications such as retinopathy, nephropathy and neuropathy; and macrovascular
complications such as hyperlipidemia and hypertension which can lead to blindness, end-
stage renal disease, limb amputation and myocardial infarction.

[0045] “Subject” for purposes of the invention refers to any animal. Generally, the
animal is a mammal. “Mammal” for purposes of invention refers to any animal classified as
a mammal, including humans, domestic and farm animals, and zoo, sports, or pet animals,
such as dogs, horses, cats, cows, sheep, pigs, etc. Typically, the mammal is a human.

[0046] The term “accelerating wound healing” or “acceleration of wound healing”
refers to the increase in the rate of healing, e.g., a reduction in time until complete wound
closure occurs or a reduction in time until a % reduction in wound area occurs.

[0047] The term “effective amount™ or “therapeutically effective amount” refers to an
amount of a drug effective to accelerate or improve wound healing in a subject or prevent
recurrence of an ulcer in a subject. A therapeutic dose is a dose which exhibits a therapeutic
effect on the subject and a sub-therapeutié dose is a dose which does not exhibit a therapeutic
effect on the subject treated.

[0048] Administration “in combination with” one or more further therapeutic agents
includes simultaneous (concurrent) and/or consecutive administration in any order.

[0049] "Treatment" refers to both therapeutic treatment and prophylactic or
preventative measures. Those in need of treatment include those already with the disorder as
well as those in which the disorder is to be prevented.

[0050] “Wound healing” refers a condition that would benefit from treatment with a
molecule of the invention.

[0051] A “chronic wound” refers a wound that does not heal. See, e.g., Lazarus et al.,

Definitions and guidelines for assessment of wounds and evaluation of healing, Arch.

Dermatol. 130:489-93 (1994). Chronic wounds include, but are not limited to, e.g., arterial
ulcers, diabetic ulcers, pressure ulcers, venous ulcers, etc. An acute wound can develop into
a chronic wound. Acute wounds include, but are not limited to, wounds caused by, e.g.,
thermal injury, trauma, surgery, excision of extensive skin cancer, deep fungal and bacterial
infections, vasculitis, scleroderma, pemphigus, toxic epidermal necrolysis, etc. See, e.g.,

Buford, Wound Healing and Pressure Sores, HealingWell.com, published on: October 24,

2001. A “normal wound” refers a wound that undergoes normal wound healing repair.
[0052] “Good Wound Care (GWC) refers to the steps to take care of a wound. For

example, good wound care practices include, but are not limited to, one or more of the
14
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following, debridement (e.g., surgical/sharp, mechanical, autolytic or chemical/enzymatic),
cleaning (e.g., routine wound cleansing with, e.g., saline), dressings, pressure relief (e.g., off-
loading pressure to the foot), maintenance of moist wound environment, and/or infection
control (e.g., antibiotic ointment or pills). Other steps optionally include fitting subject with
comfortable, cushioned footwear, nutritional support, maintaining blood glucose control,
management of other risk factors (e.g., weight, smoking), etc. GWC can include one or more
of the practices.
[0053] ,The expression “trauma affecting the vascular endothelium" refers to trauma;
such as injuries, to the blood vessels or heart, including the vascular network of organs, to
which an animal or human, preferably a mammal and most preferably a human, is subjected.
Examples of such trauma include wounds, incisions, and ulcers, or lacerations of the blood
vessels or heart. Trauma includes conditions caused by internal evenﬁs as well as those that
are imposed by an extrinsic agent that can be improved by promotion of vascular endothelial
cell growth.
[0054] An “angiogenic factor or agent” is a growth factor which stimulates the
development of blood vessels, e.g., promotes angiogenesis, endothelial cell growth, stability
of blood vessels, and/or vasculogenesis, etc. For example, angiogenic factors, include, but
are not limited to, e.g., VEGF and members of the VEGF family, PIGF, PDGF family,
fibroblast growth factor family (FGFs), TIE ligands (Angiopoietins), ephrins, ANGPTL3,
ANGPTIA, etc. It also includes factors, such as growth hormone, insulin-like growth factor-I
(IGF-I), VIGF, epidermal growth factor (EGF), CTGF and members of its family, and TGF-o.
and TGF-B. See, e.g., Klagsbrun and D’ Amore, Annu. Rev. Physiol., 53:217-39 (1991); Streit
and Detmar, Oncogene, 22:3172-3179 (2003); Ferrara & Alitalo, Nature Medicine
5(12):1359-1364 (1999); Tonini et al., Oncogene, 22:6549-6556 (2003) (e.g., Table 1 listing
angiogenic factors); and, Sato Inz. J. Clin. Oncol., 8:200-206 (2003).
[0055] Wound Healing
{0056} The heéling a wound is a complex process that involves three major phases:
inflammation, granulation tissue, and tissue remodeling. At the site of the wound there is
many processes occurring, e.g., migration/contraction, matrix metalloproteases (MMP)
production, proliferation, and angiogenesis. There is contraction (downsizing of the wound),

epithelialization (creation of new epithelial cells) and deposition of connective tissue in order

to heal the wound. See Singer & Clark, Cutaneous Wound Healing N. Engl. J. Med.,
341:738-46 (1999). One of the goals of wound therapy is to promote the granulation matrix,
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where an adequate blood supply is needed. However, risk factors, often associated with
diseases states, ’(e. g., include, but are not limited to, age, infection, poor nutrition,
immunosuppression, medications, radiation, diabetes, peripheral vascular disease, systemic
illness, smoking, stress, etc.) create challenges for wound healing.

[00571 . Examples of some of the risk factors for diabetic foot ulcers include peripheral
neuropathy, which affects both motor and sensory functions of the foot, limited joint
mobility, foot deformities, abnormal distribution of foot pressure, repetitive minor frauma,
and impaired visual acuity. See, e.g., Boyko et al., A prospective study of risk factors for

diabetic foot ulcer, The Seattle Diabetic Foot Study, Diabetes Care, 22:1036-42 (1999); and

* Apelqvist et al., International consensus and practical guidelines on the management and the

prevention of the diabetic foot, International Working Group on the Diabetic Foot., Diabetes

Metab Res. Rev 16(1 Suppl): S84-S92 (2000). Peripheral sensory neuropathy is a primary
factor. Approximately 45%-60% of all diabetic ulcerations are neuropathic, while up to 45%
have both neuropathic and ischemic components. With an insensate foot, the patient is
unable to perceive repetitive injury to the foot caused by, e.g., poor-fitting footwear during
ambulation and activities of daily living. Neuropathy, combined with altéred biomechanics
of walking, leads to repetitive blunt trauma and distribution of abnormally high stress loads to
vulnerable portions of the foot, resulting in callus formation and cutaneous erosion. Once an
ulcer is formed, it is often slow to heal, can continue to enlarge, provides an opportunity for
local or systemic infection, and requires comprehensive medical and surgical care to promote
healing.

[0058] There are also challenges to creating protein therapies to accelerate wound
healing, e.g., accelerating healing of chronic, e.g., diabetic foot ulcers, wounds. The wound
area is a hostile environment (proteolytic enzymes, naturally produced inhibitors of protein
activity along with superimposed infection), where often in disease states (e.g., in diabetes)
the host factors are altered (e.g., in diabetes there is suppressed VEGF expression, impaired
VEGEF response to hypoxia, altered cellular metabolism, suppressed immune/inflammatory
response, etc.). For example, based upon in vitro studies, keratinocytes and fibroblasts from
diabetic (db/db) mice exhibit selective impairment of cellular processes essential for normal
tissue repair, and db/db fibroblasts show significantly decreased cellular migration and |

growth factor alterations. See, e.g., Frank et al., Regulation of vascular endothelial growth

factor expression in cultured keratinocytes, Implications for normal and impaired wound

healing, J. Biol. Chem., 270:12607-13 (1995); and, Lerman et al, Cellular dysfunction in the

16



O

WO 2006/138468 PCT/US2006/023318

diabetic fibroblast: impairment in migration, vascular endothelial growth factor production,
and response to hypoxia, Am. J. Pathol., 162:303-12 (2003).

[0059] Provided herein are methods for accelerating and/or improving healing of
wounds, by administering effective amount of VEGF or a VEGF agonist. For example, a
method comprises administering an effective amount of VEGF to a wound of a subject,
where the administration of the effective amount of VEGF accelerates wound healing.
Methods also include a method of improving wound healing in a population of subjects. For
éxample, a method comprises administering an effective amount of VEGF to a wound of a
subjeét of the population, wherein the administration of the effective amount of VEGF results
in greater than 10% (or greater than 12%, or 14%, or 15%, or 17%, or 20%, or 25%, or 30%,
or 33%, or 35%, or 40%, or 45%, or 50% or more) improvement in wound healing in the
population compared to a control. Methods for reducing the recurrence of ulcers are also
provided. For example, a method comprises administering an effective amount of VEGF to
" an ulcer, wherein the incidence of ulcer recurrence is reduced with VEGFE administration
compared to a control.

[0060] Methods are also applicable to subjects who are undergoing or have
undergone a treatment, where the treatment delays or provides ineffective wound healing.
Treatments can include, but are not limited to, medications, radiation, treatments that results
in suppressed immune systems, etc. Optionally, a subject of the invention has a secondary
condition, wherein the secondary conditions delays or provides ineffective wound healing.
Secondary conditions, include, but are not limited to, e. g., diabetes, peripheral vascular
disease, ir_lfection, autoimmune or collagen vascular disorders, disease states that result in
suppressed immune systems, etc. ,

[0061] Acceleration of wound healing can be described by % acceleration of wound
healing and/or a Hazard ratio. In certain embodiments, the administration of the effective
amount of VEGF accelerates wound healing greater than 50%, or equal to or greater than
60%, equal to or greater than 70%, equal to or greater than 74%, equal to or greater than
75%, equal to or greater than 80%, equal to or greater than 85%, equal to or greater than
90%, equal to or greater than 95%, equal to or greater than 100%, equal to or greater than
110% or more, when compared to a control. In certain embodiments, the administration of
the effective amount of VEGF accelerates wound healing between greater than 60% and
110%, when compared to a control. In certain embodiments, acceleration of wound healing
is described by a Haiard ration, which is equal to or greater than 1.75, or is equal to or greater

than 1.80, or is equal to or greater than 1.85, or is equal to or greater than 1.95, or is equal to
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or greater than 2.0, or is equal to or greater than 2.1, or is equal to or greater than 2.2, or is

equal to or greater than 2.3 or more. In certain embodiments, acceleration of wound healing

is described by a Hazard ration, which is between 1.75 and 2.3.

[0062]

Subjects of the invention has at least one wound. The wound can be a chronic, -

acute or normal wound. In one embodiment, the wound being treated is a stage 1A wound.

See Stages of Wounds in Table 2. A wound of the invention can optionally include an

infection or ischemia, or include both an infection and ischemia. In one embodiment, the

wound is a diabetic foot ulcer. In one embodiment, the wound is present on the subject for

about 4 weeks or more, or about 6 weeks or more before administering the VEGF.

Table 2
Wound Grade/Depth
Stage/Comorbidities | 0 1 2 3
A Pre- or post- Superficial Ulcer Ulcer
ulcerative lesion | ulcer not penetrating to | penetrating
completely involving tendon or to bone or
epithelialized tendon, capsule joint
capsule, or
bone
B With Infection | With With Infection | With
Infection Infection
C With Ischemia | With With Ischemia | With
Ischemia Ischemia
D With Infection With With Infection | With
and Ischemia Infection and | and Ischemia | Infection
Ischemia and
Ischemia
[0063] Quantitative analysis can be used to assess wound healing, e.g., determining

the % reduction in the wound area, or complete wound closure (e.g., measured by skin

closure without drainage or dressing requirements). Wound area is assessed before, during,

and after treatment by methods known to those in the art. For example, assessment can be

determined by, e.g., quantitative planimetry (see, e.g., Robson et al., Arch. Surg 135:773-77

(2000)), photographs, physical examinations, etc. The wound area can be determined before,
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during and after treatment. In one embodiment, the wound area can be estimated by
measuring the length, L, of the wound, the longest edge-to-edge length in, e.g., cm, and the
width, W, the longest edge-to-edge width perpendicular to L in, e.g., cm, and multiplying the
LxW to get the estimated surface area (cmz). The size of the wound for treatment can vary.
In one embodiment of the invention, the wound area before rtreatment is about 0.4 cm? or
more, or about 1.0 cm? or more, or between about 0.4 cm? and about 10 cmz, or between
about 1 cm?* and about 10 cm?, or between about 1 cm? and about 6.5 cm?, or between about 1
cm? and about 5 cm?, or more than 4.0 cm?. The area can be measured before or after |
debridement.

[0064] VEGF

[0065] An effective amount of VEGF is administered in the methods provided herein
to promote accelerated or improve wound healing. The VEGF gene family, for which VEGF
is a member, is one of the key regulators of the development of the vascular system. The
VEGF gene family includes VEGF-A, VEGFE-B, VEGF-C, VEGF-D, VEGF-E and placental
growth factor (PIGF). See, e.g., Ferrara, Role of Vascular endotheljal _growth factor in

physiologic and pathologic angiogenesis: therapeutic implications, Sem Oncol., 29(suppl 16):

10-14 (2002); and, Veikkola and Alitalo, VEGFs receptors and angiogenesis Semin Cancer
Biol. 9:211-220 (1999). VEGF-A, also known as VEGF, is a major regulatcr of normal

angiogenesis including normal wound healing and bone healing and abnormal angiogenesis,

such as vascular proliferation in tumors and ophthalmologic disorders (e.g., age-related
degeneration, diabetic retinopathy). See, e.g., Ferrara, Vascular Endothelial Growth Factor:

Basic Science and Clinical Progress, Endocrine Reviews 25(4): 581-611 (2004); Ferrara and

Henzel, Pituitary follicular cells secrete a novel heparin-binding growth factor specific for

vascular endothelial cells, Biochem, Biophys Res Comm 161:851-58 (1989); and Leung et al.,

Vascular endothelial growth factor is a secreted angiogenic mitogen, Science 246:1306-9

(1989). It is within the scope of the invention to also use VEGF variants having VEGF
activity and agonist of the VEGF receptors, e.g., VEGFR1 and/or VEGER2 agonists, in place
of or in addition to VEGF.

[0066] Human VEGF exists as at least six isoforms (VEGF;;, VEGF 45, VEGF s,
VEGFg3, VEGF 149, and VEGF) that arise from alternative splicing of mRNA of a single
gene organized into 8 exons located on chromosome 6 (see, e.g., Ferrara N, Davis Smyth T.
Endocr Rev 18:1-22 (1997); and, Hénry and Abraham, Review of Preclinical and Clinical
Results with Vascular Endothelial Growth Factors for Therapeutic Angiogenesis, Current

Interventional Cardiology Reports, 2:228-241 (2000)). See also, US Pat. No. 5,332,671 and
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6,899,882. In one embodiment, VEGFgs is administered in the methods of the invention.
Typically, human VEGF¢s is used (e.g., recombinant human VEGF165). VEGF 65, the most
abundant isoform, is a basic, heparin binding, dimeric covalent glycoprotein with a molecular
mass of ~45,000 daltons (Id). VEGF;5 homodimer consists of two 165 amino acid chains.
The protein has two distinct domains: a receptor binding domain (residues 1-110) and a
heparin binding domain (residues 110-165). The domains are stabilized by seven
intramolecular disulfide bonds, and the monomers are linked by two interchain disulfide
bonds to form the native homodimer. VEGF 121 lacks the heparin binding domain (see, e.g.,
US Pat. No. 5,194,596), whereas VEGF g (see, e.g., U.S. Pat. Nos. 5,008,196; 5,036,003;
and, 5,240,848) and VEGF0s are sequestered in the extracellular matrix. See, e.g., Ferrara
VEGF and the quest for tumor angiogenesis factors, Nature Rev. Cancer 2:795-803 (2002).
[0067] The biological effects of VEGF are mediated through high affinity tyrosine
kinase relceptors. Agonists of the VEGF recéptors can also be used in the methods of the
invention. Two VEGF receptor tyrosine kinases, VEGFR1and VEGFR2, have been
identified (Shibuya et al. Oncogene 5:519-24 (1990); Matthews et al., Proc Natl Acad Sci U
S A 88:9026-30 (1991); Terman et al., Oncogene 6:1677-83 (1991); Terman et al. Biochem
Biophys Res Commun 187:1579~86 (1992); de Vries et al., Science 255:989-91 (1992);
Millauer et al. Cell 72:835-46 (1993); and, Quinn et al. Proc Natl Acad Sci USA 90:7533~7
(1993)). VEGFR1 has the highest affinity for VEGF, with a Kd of ~10-20 pM (de Vries et
al., Science 255:989-91 (1992)), and VEGFR2 has a somewhat lower affinity for VEGF,
with a Kd of ~75-125 pM (Terman et al., Oncogene 6:1677-83 (1991); Millauer et al. Cell
72:835-46 (1993); and, Quinn et al. Proc Natl Acad Sci USA 90:7533-7 (1993)). A third
tyrosine kinase receptor, VEGFR3 has been identified, which is involved in the regulation of
lymphatic angiogenesis. VEGFR3 is a receptor for VEGF-C and VEGF-D, which can also

bind VEGFR?2. These receptors consist of an extracellular domain (including seven

immunoglobulin-like regions, a transmembrane region) and an intracellular domain that
contains elements related to the tyrosine kinase pathways. VEGF-B and PIGF binds to
VEGEFRI1 but not VEGFR2. VEGF;¢s also binds to neuropilin-1 a receptor that regulates
neuronal cell guidance. When co-expressed with VEGFR2, neuropilin-1 enhances the binding
of VEGF¢s to VEGFR2 and VEGF-mediated chemotaxis. Other studies have linked
neuropilin 2 (NP2) to lymphatic vessel development. See, e.g., Ferrara, Vascular Endothelial

Growth Factor: Basic Science and Clinical Progress, Endocrine Reviews, 254(4):581-611.

After binding to VEGF-A, VEGFR2 undergoes tyrosine autophosphorylation that leads to

subsequent angiogenesis, increased vascular permeability, mitogenesis, and chemotaxis.
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[0068] VEGF has several biologic functions, including regulation of VEGF gene
expression under hypoxic conditions (Ferrara N, Davis Smyth T. Endocr Rev 18:1-22
(1997)), mitogenic activity for micro and macrovascular endothelial cells (Ferrara N, Henzel
W1I. Biochem Biophys Res Commun 161:851-8 (1989); Leung et al., Science 246:1306-9
(1989); Connolly et al. J Clin Invest 84:1470-8 (1989a); Keck et al. Science 246:1309-12
(1989); Ploue\t et al., EMBO J 8:3801-6 (1989); Conn et al. Proc Natl Acad Sci USA
87:2628-32 (1990); and, Pepper et al., Exp Cell Res 210:298-305 (1994)), and induction of
expression of plasminogen activators and collagenaée (Pepper et al., Biochem Biophys Res
Commun 181:902~6 (1991)). During hypoxia, hypoxia-inducing factor -1 (HIP-1) is
upregulated and binds to the promoter region of the VEGF gene and activates transcription
(see, e.g., Wang et al., Hypoxia-inducible factor 1 is a basic-helix—loop—helix—PAS
heterodimer regulated by cellular oxygen tension, PNAS USA 92:5510 (1995)). Other
agonists that can up-regulate VEGF include cytokines (IL-6) and other growth factors-
including EGF, PDGF, bFGF.

[0069] VEGF is produced by a wide variety of normal cell types (e.g., keratinocytes,
platelets, macrophages, fibroblasts, retinal cells, ovarian cells) throughout the body in
addition to various types of solid tumors. Work done over the last several years has
established a key role of vascular endothelial growth factor (VEGF) in the regulation of
normal and abnormal angiogenesis (Ferrara et al. Endocr. Rev. 18:4-25 (1997)). VEGF is a
necessary growth factor for normal embryonic vasculogenesis, cardiac myocyte development
(see, e.g., Ferrara et al., Heterozygous embryonic lethality induced by targeted inactivation of
the VEGF gene, Nature 380:439-42 (1996)), normal enchondral bone formation (see, e.g.,

Gerber et al., VEGF couples hypertrophic cartilage remodeling, ossification, and

angiogenesis during enchondral bone formation, Nat. Med, 5:623-28 (1999)), tissue repair,
and in the physiology of the female reproductive tract—follicular growth and the endocrine
function of the corpus luteum are dependent on proliferation of new capillaries (see, e.g.,
Phillips et al., Vascular endothelial growth factor is expressed in rat corpus luteum,

Endocrinology, 127:965-67 (1990)). Furthermore, VEGF has been shown to be a key

mediator of neovascularization associated with tumors and intraocular disorders (Ferrara et
al.). The VEGF mRNA is overexpressed by the majority of human tumors examined
(Berkman et al. J Clin Invest 91:153-159 (1993); Brown et al. Human Pathol.. 26:86-91
(1995); Brown et al. Cancer Res. 53:4727-4735 (1993); Mattern et al. Brit. J. Cancer.
73:931-934 (1996); and Dvorak et al. Am J. Pathol. 146:1029-1039 (1995)).
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[0070] VEGEF is also known as vascular permeability factor, based on its ability to

induce vascular leakage in animal models. See, e.g., Senger et al., Tumor cells secrete a

vascular permeability factor that promotes accumulation of ascites fluid, Science 219: 983-89

(1983). Senger and colleagues proposed that an increase in microvascular permeability to
proteins is a crucial step in angiogenesis. For example, induced leakage of plasma proteins
and formation of extracellular fibrin gel can be sufficient matrix for endothelial cell growth;
the role of mitogenic growth factors can be to boost this process. Angiogenesis is also
required to allow migration of leukocytes, growth factors, and oxygen during granulation
tissue formation during wound healing.

[0071] In wound healing, VEGF plays a pivotal role in the induction of angiogenesis |
during cutaneous wound healing. It is a potent mitogen for dermal microvascular endothelial
cells and is expressed by keratinocytes of healing wounds (See, e.g., Nissen et al., Vascular
endothelial growth factor mediates angiogenic activity during the proliferative phase of
wound healing, Am. J. Pathol., 152:1445-52 (1998); Corral et al., Vascular endothelial

growth factor is more important than basic fibroblast growth factor during ischemic wound

healing, Arch Surg., 134:200-5 (1999); Frank et al., Regulation of vascular endothelial

growth factor expression in cultured keratinocytes, Implications for normal and impaired

wound healing'. J. Biol. Chem., 270:12607-13 (1995); Ballaun et al., Human keratinocytes

express the three major splice forms of vascular endothelial growth factor, J. Invest

Dermatol., 104:7-10 (1995). It also acts in a paracrine manner on dermal microvessels,
leading to increased skin vascularity and granulation matrix formation. See, e.g., Corral et

al., supra; and, Romano de Peppe, et al., Adenovirus-mediated VEGF165 gene transfer

enhances wound healing by promoting angiogenesis in CD1 diabetic mice, Gen T. her.,

9:1271-7 (2002). Deficiencies in tissue repair, e.g., wound healing, etc., are seen when
VEGF levels and other angiogenic factors are altered. See, e.g., Howdieshell, et al., Antibody

neutralization of vascular endothelial growth factor inhibits wound granulation tissue

formation, J. Surg. Res.96:173-82 (2001); Street et al., Vascular endothelial growth factor

stimulates bone repair by promoting angiogenesis and bone turnover, PNAS USA, 99:9656-61

(2002); Tsou et al., Retroviral delivery of dominant-negative vascular endothelial growth

factor receptor type 3 to murine wounds inhibits wound angiogenesis, Wound Repair Regen.,

10:222-9 (2002); Frank et al., Regulation of vascular endothelial growth factor expression in

cultured keratinocytes, Implications for normal and impaired wound healing. J. Biol. Chem.,

270:12607-13 (1995); and, Lerman et al., Cellular dysfunction in the diabetic fibroblast:

impairment in migration, vascular endothelial growth factor production, and response to
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hypoxia, Am. J. Pathol., 162:303-12 (2003). In some animal models, exogenous VEGF

promoted wound healing. See, e.g., Galliano et al., Topical Vascular Endothelial Growth

Factor Accelerates Diabetic Wound Healing through increased angiogenesis and by

Mobilizing and recruiting bone marrow-derived cells, American Journal of Pathology, 164
(6):1935-1947 (2004); Romano de Peppe S et al., Adenovirus-mediated VEGF165 gene

transfer enhances wound healing by promoting angiogenesis in CD1 diabetic mice, Gen Ther

9:1271-7 (2002); and, US Pat. Appl. No. US20030180259.

[0072] As described above, there are challenges to creating protein therapies to
accelerating wound healing. We describe herein a clinical trial of treating ulcers with VEGF

recombinant protein therapy that results in accelerated wound healing. See example 1,

herein.
[0073] Additional Agents
[0074] It is within the scope hereof to combine VEGF therapy with one or more of,

e.g., good wound care therapy (e.g., GWC), other novel or conventional therapies (e.g., other
members of the VEGF family, growth factors such as listed herein, nerve growth factor
(NGF), positive angiogenesis factors or agents or activators, anabolic steroids, bioengineered
tissue replacements (e.g., Apligraph®, Dermagraft™, etc.) hyperbaric oxygen, vacuum
therapy) for enhancing the activity of VEGF, in accelerating and/or improving wound
healing. See, e.g., Meier and Nanney, Emerging New Drugs for Wound Repair, Expert
Opin. Emerging Drugs (2006) 11(1):23-37.

[0075] Six major growth factor families (EGF, FGF, IGF, PDGF, TGF, and VEGF)

are associated with wound healing. See, e.g., Nagai and Embil, Becaplermin: recombinant

platelet derived growth factor, a new treatment for healing diabetic foot ulcers, Exprt Opin

Biol. Ther 2:211-18 (2002). Examples of such growth factors include platelet derived growth
factor (PDGF-A, PDGF-B, PDGF-C, and PDGF-D), insulin-like growth factor I and II (IGF-1
and IGF-II), acidic and basic fibroblast growth factor (aFGF and bFGF), alpha and beta

- transforming growth factor (TGF-o and TGF-B (e.g., TGF-beta 1, TGF beta 2, TGF beta 3)),
epidermal growth factor (EGF), and others. See Id. These growth factors stimulate mitosis
of one or more of the cells involved in wound healing and can be combined with VEGF.
[0076] Other positive angiogenesis agents that can be combined with VEGF include,
but are not limited to, e.g., HGF, TNF-q, angiogenin, IL-8, etc. (Folkman et al. J. Biol.

Chem. 267:10931-10934 (1992); Klagsbrun et al. Annu. Rev. Physiol. 53:217-239 (1991)),

angiogenesis activators in Table 3, angiogenesis factors and agents described herein, etc.
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Table 3 Examples of Angiogenesis Activators

Angiogenesis

Angiopoietins 1 and 2
Tie-2

Alpha-5 integrins

Matrix metalloproteinases
Nitric oxide (NO)
COX-2
TGFbeta and receptors
VEGEF and receptors

[0077] In addition, the following agents can also be combined with VEGF wound
healing treatments, e.g., Platelet-derived growth factor (PDGF) (e.g., Becaplermin (thPDGE-
BB) such as Regranex ®; Johnson & Johnson (see, e.g., U.S. Patent 5,457,093; 5,705,485;
and, 5,427,778; Perry, BH et al., A meta-analytic approach to an integrated summary of |

efficacy: a case study of becamplemin gel., Cont. Clin. Trials 23:389-408 (2002)), adenosine-

A2A receptor agonists (e.g., MRE0094 (King Pharmaceuticals)); keratinocyte growth factor
(KGF—Z, repifermin (Human Genome Sciences)); lactoferrin (LF) (Agennix, Inc.,); thymosine
beta-4 (T4 (ReGeneRx Biopharmaceuticals)); thrombin-derived activating receptor peptide
(TPSOS; Chrysalin ® (Chrysalis Biotechnology, Inc.)); adenoviral vector encoding platelet-
derived growth factor (PDGF-B) (GAMS501) (Selective Genetics); autologous bone marrow

stem cells (BMSC) (see, e.g., Badiavas & Falanga, Treatment of chronic wounds with bone

marrow-derived cells, Arch Dermatol, 139:510-16 (2003); and, engineered living tissue grafts

(e.g., Apligraf, etc.). Antibiotic and antiseptic ulcer agents can also be combined with VEGF
administration. VEGF administration can also be administered along with
immunosuppressive treatment (e.g., corticosteroids, radiation therapy, chemotherapy) or
cancer treatment.

[0078] It is not necessary that such cotreatment agents or procedures be included per
se in the compositions of this invention, although this will be convenient where such agents
are proteinaceous. Such admixtures are suitably administered in the same manner and for the
same purposes as the VEGF used alone. The useful molar ratio of VEGF to such secondary
therapeutic factors is typically 1:0.1-10, with about equimolar amounts in one embodiment of

the invention being used.
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[0079] Dosage and Administration

- [0080] Dosages and desired drug concentrations of pharmaceutical compositions of
the invention may vary depending on the particular use envisioned. The determination of the
appropriate dosage or route of administration is well within the skill of an ordinary physician.
Animal experiments can provide reliable guidance for the determination of effective doses for
human therapy. Interspecies scaling of effective doses can be performed following the

principles laid down by Mordenti, J. and Chappell, W. The use of interspecies scaling in

toxicokinetics In Toxicokinetics and New Drug Development, Yacobi et al., Eds., Pergamon
Press, New York 1989, pp. 42-96. Examples of dose-response curves for VEGF

administered animal wound models can be see in Fig. 2, which is a dose response curve for
VEGF administered to rabbit ischemic ear wounds. Fig. 3 is a dose-response curve for
VEGF administered to diabetic mouse wound. For the prevention or treatment of disease or
type of wound, the appropriate dosage of VEGEF will depend on the type of disease to be
treated, as defined above, the seven'ty and course of the disease, whether the ageni is
administered for preventive or therapeutic purposes, previous therapy, the patient’s clinical
history and response to the agent, and the discretion of the attending physician. VEGF will
be formulated and dosed in a fashion consistent with good medical practice taking into
account the specific disorder to be treated, the condition of the individual patient, the site of
delivery of the VEGF, the method of administration, and other factors known to practitioner.
[0081] The dosage to be employed is dependent upon the factors described herein. In
certain embodiments of the invention, depending on the type and severity of the condition of
the subject, about 1 pg/kg to 50 mg/kg (e.g. 0.1-20mg/kg) of VEGF and/or an additional
agent, is a candidate dosage for administration to the patient, whether, for example, by one or
more separate administrations, or by continuous application. Guidance as to particular
dosages and methods of delivery is provided in the literature. In one embodiment, the
effective amount of VEGF administered is about 20 ug/cm? to about 250 pg/cm?® In certain
embodiments, the effective amount administered is about 24 pg/cm?, or 24 uglem’. In certain
embodiments, the effective amount administered is about 72 pg/cm?, or 72 ng/cm’. In certain
embodiments, the effective amount administered is about 216 pg/cm? or 216 pg/cm® In one
embodiment, the effective amount of VEGF administered is 20 pg/cm® to 250 pg/em®. In
certain embodiments, the effective amount administered is about 24 u g/cm2 to about 216
nglem?, or 24 pglem® to 216 ugfcm™ In certain embodiments, the effective amount
administered is about 24 pg/cm? to about 72 nglem?, or 24 uglem?® to 72 pg/em?, In certain

embodiments, the effective amount administered is about 72 pg/cm® to about 216 pg/cm?, or
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72 pglem® to 216 wg/em®. In certain embodiments, the effective amount administered is
about 216 p.g/cm? to about 250 nglem?, or 216 pglem? to 250 pg/em?®. The agent is suitably
administered to the subject over a series of treatments or at one time.

[0082] For repeated administrations over several days or longer, depending on the
condition, the treatment is sustained until a desired suppression of disease symptoms occurs,
e.g., complete closure of the wound, or reduction in wound area. However, other dosage
regimens may be useful. Typically, the clinician will administered a moleculé(s) of the
invention until a dosage(s) is reached that provides the required biological effect. The
administration of the effective amount of VEGF can be daily or optionally a few times a
week, e.g., at least twice a week, or at least three times a week, or at least four times a week,
or at Jeast five times a week, or at least six times a week. In one embodiment, the VEGF is
administered at least for six weeks, or at least about twelve weeks or until complete wound
closure (e.g., which can be determined by skin closure without drainage or dressing
requirements). In certain aspects of the invention, the VEGF is administered for less than 20
weeks. The progress of the therapy of the invention is easily monitored by conventional
techniques and assays.

[0083] The therapeutic composition of the invention is typically administered
topically to the subject. In one embodiment of the invention, the VEGF is in a formulation of
a topical gel, e.g., in a pre-filed syringe or container. In certain embodiments, an additional
therapeutic agent is also administered topically. Other routes of administration of VEGF
and/or additional therapeutic agents, can also be optionally used, e.g., administered by any
suitable means, including but not limited to, parenteral, subcutaneous, intraperitoneal,
intrapulmonary, intracerobrospinal, éubcutaneous, intra-articular, intrasynovial, intrathecal,
oral, and intranasal administration. Parenteral infusions include intramuscular, intravenous,
intraarterial, intraperitoneal, or subcutaneous administration.

[0084] As described herein, VEGF can be combined with one or more additional
therapeutic agents or procedures. The combined adrrﬁnistration includes coadministration,
using separate formulations or a single pharmaceutical formulation, and consecutive
administration in either order. Use of multiple agents is also included in the invention. For
exﬁample, VEGF may precede, follow, alternate with administration of the additional
therapeutic agent, or may be given simultaneously therewith. In one embodiment, there is a
time period while both (or all) active agents simultaneohsly exert their biological activities.
In a combination therapy regimen, the compositions of the invention are administered in a

therapeutically effective amount or a therapeutically synergistic amount. As used herein, a
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therapeutically effective amount is such that co-administration of VEGF and one or more
other therapeutic agents, or administration of a procedure, results in reduction or inhibition of
the targeting disease or condition. A therapeutically synergistic amount is that amount of
VEGF and one or more other therapeutic agents, e.g., described herein, necessary to
synergistically or significantly accelerate and/or improve wound healing.

[0085] Pharmaceutical Compositions

[0086] Therapeutic formulations of molecules of the invention, e.g., VEGF or
additional therapeutic agents combined with VEGF, used in accordance with the invention
are prepared for storage by mixing a molecule, e.g., a polypeptide, having the desired degree
of purity with optional pharmaceutically acceptable carriers, excipients or stabilizers
(Remington’s Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), in the form of
lyophilized formulations or aqueous solutions. Acceptable carriers, excipients, or stabilizers
are nontoxic to recipients at the dosages and concentrations employed, and include buffers
such as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid and
methionine; preservatives (such-as octadecyldimethylbenzyl ammonium chloride;
hexamethonium chloride; benzalkonium chloride, benzethonium chloride; phenol, butyl or
benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol; resorcinol;
cyclohexahol; 3-pentanol; and m-cresol); low molecular weight (less than about 10 residues)
polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic
polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine,
histidine, arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates
including glucose, mannose, or dextrins; chelating agents such as EDTA; sugars such as
sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal
complexes (e.g. Zn-protein complexes); and/or non-ionic surfactants such as TWEENTM,
PLURONICS™ or polyethylene glycol (PEG).

[0087] In certain embodiments, the formulations to be used for in vivo administration
are sterile. This is readily accomplished by filtration through sterile filtration membranes.
The VEGEF can be stored in lyophilized form or as an aqueous solution or gel form. The pH
of the VEGF preparations can be about from 5 to 9, although higher or lower pH values may
also be appropriate in certain instances. It will be understood that use of certain of the
excipients, carriers, or stabilizers can result in the formation of salts of the VEGF. ‘
[0088] The active ingredients may also be entrapped in microcapsules prepared, for
example, by coacervation techniques or by interfacial polymerization, for example,

hydroxymethylcellulose or gelatin-microcapsulcs and poly-(methylmethacylate)
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microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes,
albumin microspheres, microemulsions, nano-particles and nanocapsules) or in
macroemulsions. Such techniques are disclosed in Remington’s Pharmaceutical Sciences
16th edition, Osol, A. Ed. (1980). See also Johnson et al., Nat. Med., 2:795-799 (1996);
Yasuda, Biomed. T, her., 27:1221-1223 (1993); Hora et al., Bio/T: echnology, 8:755-758 (1990);

Cleland, Design and Production of Single Immunization Vaccines Using Polylactide

Polyglycolide Microsphere Systems, in Vaccine Design: The Subunit and Adjuvant
Approach, Powell and Newman, eds, (Plenum Press: New York, 1995), pp. 439-462; WO
97/03692, WO 96/40072, WO 96/07399; and U.S. Pat. No. 5,654,010.

[0089] Typically for wound healing, VEGF is formulated for site-specific delivery.
When applied topically, the VEGF is suitably combined with other ingredients, such as
carriers and/or adjuvants. There are no limitations on the nature of such other ingredients,
except that they must be pharmaceutically acceptable and efficacious for their intended
administration, and cannot degrade the activity of the active ingredients of the composition.
Examples of suitable vehicles include ointments, creams, gels, sprays, or suspensions, with or
without purified collagen. The compositions also may be impregnated into sterile dressings,
transdermal patches, plasters, and bandages, optionally in liquid or semi-liquid form. An
oxidized regenerated cellulose/collagen matrices can also be used, e.g., Promogran™ Matrix
Wound Dressing or Promogran Prisma Matrix ™. |

[0090] Sustained-releasé preparations may be prepared. Suitable examples of
sustained-release preparations include semipermeable matrices of solid hydrophobic
polymers containing a polypeptide of the invention, which matrices are in the form of shaped
articles, e.g. films, or microcapsules. Examples of sustained-release matrices include
polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or
poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), copolymers of L-glutamic acid
and y ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-
glycolic acid copolymers such as the LUPRON DEPQT™ (injectable microspheres
composed of lactic acid-glycolic acid copolymer and leuprolide acetate), poly-lactic-
coglycolic acid (PLGA) polymer, and poly-D-(-)-3-hydroxybutyric acid. While polymers
such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of molecules for
over 100 days, certain hydrogels release proteins for shorter time periods. When
encapsulated antibodies remain in the body for a long time, they may denature or aggregate
as a result of exposure to moisture at 37°C, resulting in a loss of biological activity and

possible changes in immunogenicity. Rational strategies can be devised for stabilization
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depending on the mechanism involved. For example, if the aggregation mechanism is
discovered to be intermolecular S-S bond formation through thio-disulfide interchange,
stabilization may be achieved by modifying sulfhydryl residues, lyophilizing from acidic
solutions, controlling moisture content, using appropriate additives, and developing specific
polymer matrix compositions.

[0091] For obtaining a gel formulation, the VEGF formulated in a liquid composition
may be mixed with an effective amount of a water-soluble polysaccharide or synthetic
polymer such as polyethylene glycol to form a gel of the proper viscosity to be applied
topically. The polysaccharide that may be used includes, for example, cellulose derivatives
such as etherified cellulose derivatives, including alkyl celluloses, hydroxyalkyl celluloses,
and alkylhydroxyalkyl celluloses, for example, methylcellulose, hydroxyethyl cellulose,
carboxymethyl cellulose, hydroxypropyl methylcellulose, and hydroxypropyl cellulose;
starch and fractionated starch; agar; alginic acid and alginates; gum arabic; pullullan; agarose;
carrageenan; dextrans; dextrins; fructans; inulin; mannans; Xylans; arabinans; chitosans;
glycogens; glucans; and synthetic biopolymers; as well as gums such as xanthan gum; guar
gum; locust bean gum; gum arabic; tragacanth gum; and karaya gum; and derivatives and
mixtures thereof. In one embodiment of the invention, the gelling agent herein is one that is,
e.g., inert to biological systems, nontoxic, simple to prepare, and/or not too runny or viscous,
and will not destabilize the VEGF held within it.

[0092] In certain embodiments of the invention, the polysaccharide is an etherified
cellulose derivative, in another embodiment one that is well defined, purified, and listed in
USP, e.g., methylcellulose and the hydroxyalkyl cellulose derivatives, such as hydroxypropyl
cellulose, hydroxyethyl cellulose, and hydroxypropyl methylcellulose. In one embodiment,
methylcellulose is the polysaccharide.

[0093] The polyethylene glycol useful for gelling is typically a mixture of low and
high molecular weight polyethylene glycols to obtain the proper viscosity. For example, a
mixture of a polyethylene glycol of molecular weight 400-600 with one of molecular weight
1500 would be effective for this purpose when mixed in the proper ratio to obtain a paste.
[0094] The term "water soluble" as applied to the polysaccharides and polyethylene
glycols is meant to include colloidal solutions and dispersions. In general, the solubility of
the cellulose derivatives is determined by the degree of substitution of ether groups, and the
stabilizing derivatives useful herein should have a sufficient quantity of such ether groups per
anhydroglucose unit in the cellulose chain to render the derivatives water soluble. A degree

of ether substitution of at least 0.35 ether groups per anhydroglucose unit is generally
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sufficient. Additionally, the cellulose derivatives may be in the form of alkali metal salts, for
example, the Li, Na, K, or Cs salts.

[0095] If methylcellulose is employed in the gel, e.g., it comprises about 2-5%, or
about 3%, or about 4% or about 5%, of the gel and the VEGF is present in an amount of
about 100-2000 p.g per ml of gel.

[0096] VEGEF and/or an additional agent can also be administered to the wound by
gene therapy. Gene therapy refers to therapy performed by the administration of a nucleic
acid to a subject. In gene therapy applications, genes are introduced into cells in order to
achieve in vivo synthesis of a therapeutically effective genetic product, for example for
replacement of a defective gene. "Gene therapy" includes both conventional gene therapy
where a lasting effect is achieved by a single treatment, and the administration of gene
therapeutic agents, which involves the one time or repeated administration of a
therapeutically effective DNA or mRNA. The oligonucleotides can be modified to enhance
their uptake, e.g. by substituting their negatively charged phosphodiester groups by
unchargéd groups. For general reviews of the methods of gene therapy, see, for example,
Goldspiel et al. Clinical Pharmacy 12:488-505 (1993); Wu and Wu Biotherapy 3:87-95
(1991); Tolstoshev Ann. Rev. Pharmacol. Toxicol. 32:573-596 (1993); Mulligan Science
260:926-932 (1993); Morgan and Anderson Ann. Rev. Biochem. 62:191-217 (1993); and May
TIBTECH 11:155-215 (1993). Methods commonly kndwn in the art of recombinant DNA
technology which can be used are described in Ausubel et al. eds. (1993) Current Protocols
in Molecular Biology, John Wiley & Sons, NY; and Kriegler (1990) Gene Transfer and
Expression, A Laboratory Manual, Stockton Press, NY.

[0097] There are a variety of techniques available for introducing nucleic acids into
viable cells. The techniques vary depending upon whether the nucleic acid is transferred into
cultured cells in vitro, or in vivo in the cells of the intended host. Techniques suitable for the
transfer of nucleic acid into mammalian cells in vitro include the use of liposomes,
electroporation, microinjection, cell fusion, DEAE-dextran, the calcium phosphate
precipitation method, etc. The currently preferred in vivo gene transfer techniques include
transfection with viral (typically retroviral) vectors and viral coat protein-liposome mediated
transfection (Dzau et al., Trends in Biotechnology 11, 205-210 (1993)). For example, in vivo
nucleic acid transfer techniques include transfection with viral vectors (such as adenovirus,
Herpés simplex I virus, lentivirus, retrovirus, or adeno-associated virus) and lipid-based
syStems (useful lipids for lipid-mediated transfer of the gene are DOTMA, DOPE and DC-

Chol, for example). Examples of using viral vectors in gene therapy can be found in Clowes
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et al. J. Clin. Invest. 93:644-651 (1994); Kiem et al. Blood 83:1467-1473 (1994); Salmons
and Gunzberg Human Gene Therapy 4:129-141 (1993); Grossman and Wilson Curr. Opin. in
Genetics and Devel. 3:110-114 (1993); Bout et al. Human Gene Therapy 5:3 -10 (1994);
Rosenfeld et al. Science 252:431-434 (1991); Rosenfeld et al. Cell 68:143-155 (1992);
Mastrangeli et al. J. Clin. Invest. 91:225-234 (1993); and Walsh et al. Proc. Soc. Exp. Biol.
Med. 204:289-300 (1993).
[0098] In some situations it is desirable to provide the nucleic acid source with an
agent that targets the cells of a wound, such as an antibody specific for a cell surface
membrane protein or the target cell, a ligand for a receptor on the target cell, etc. Where
liposomes are employed, proteins which bind to a cell surface membrane protein associated
with endocytosis may be used for targeting and/or to facilitate uptake, e.g. capsid proteins or
fragments thereof tropic for a particular cell type, antibodies for proteins which undergo
internalization in cycling, proteins that target intracellular localization and enhance
‘intracellular half-life. The technique of receptor-mediated endocytosis is described, for
example, by Wu et al., J. Biol. Chem. 262, 4429-4432 (1987); and Wagner et al., Proc. Natl.
Acad. Sci. USA 87,3410-3414 (1990). For review of gene marking and gene therapy
protocols see Anderson et al., Science 256, 808-813 (1992).
* [0099] Covalent Modifications to Polypeptides of the Invention
[0100] Covalent modifications of a polypeptide of the invention, e.g., VEGF or other
additional therapeutic polypeptide agents combined with VEGF, are included within the
scope of this invention. They may be made by chemical synthesis or by enzymatic or
chemical cleavage of the polypeptide, if applicable. Other types of covalent modifications of
the polypeptide are introduced into the molecule by reacting targeted amino acid residues of
‘the polypeptide with an organic derivatizing agent that is capable of reacting with selected
side chains or the N- or C-terminal residues, or by incorporating a modified amino acid or
unnatural amino acid into the growing polypeptide chain, e.g., Ellman et al. Meth. Enzym.
202:301-336 (1991); Noren et al. Science 244:182 (1989); and, & US Patent applications
20030108885 and 20030082575,
[0101] Cysteinyl residues most commonly are reacted with a-haloacetates (and
corresponding amines), such as chloroacetic acid or chloroacetamide, to give carboxymethyl
or carboxyamidomethyl derivatives. Cysteinyl residues also are derivatized by reaction with
bromotrifluoroacetone, a-bromo-B-(5-imidozoyl)propionic acid, chloroacetyl phosphate, N-

alkylmaleimides, 3-nitro-2-pyridyl disulfide, methyl 2-pyridyl disulfide, p-
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chloromercuribenzoate, 2-chloromercuri-4-nitrophenol, or chldro-7~nitrobenzo~2—oxa—1,3—

diazole.

[0102] Histidyl residues are derivatized by reaction with diethylpyrocarbonate at pH

5.5-7.0 because this agent is relatively specific for the histidyl side chain. Para-

- bromophenacyl bromide also is useful; the reaction is typically performed in 0.1 M sodium
cacodylate at pH 6.0.
[0103] Lysinyl and amino-terminal residues are reacted with succinic or other
carboxylic acid anhydrides. Derivatization with these agents has the effect of reversing the
charge of the lysinyl residues. Other suitable reagents for derivatizing a-amino-containing
residues include imidoesters such as methyl picolinimidate, pyridoxal phosphate, pyridoxal,
chloroborohydride, trinitrobenzenesulfonic acid, O-methylisourea, 2,4-pentanedione, and
transaminase-catalyzed reaction with glyoxylate.
[0104] Arginyl residues are modified by reaction with one or several conventional
reagents, among them phenylglyoxal, 2,3-butanedione, 1,2-cyclohexanedione, and ninhydrin.
Derivatization of arginine residues requires that the reaction be performed in alkaline
conditions because of the high pK, of the guanidine functional group. Furthermore, these
reagents may react with the groups of lysine as well as the arginine epsilon-amino group.
[0105] The specific modification of tyrosyl residues may be made, with particular
interest in introducing spectral labels into tyrosyl residues by reaction with aromatic

- diazonium compounds or tetranitromethane. Most commonly, N-acetylimidizole and
tctranitro.methane are used to form O-acetyl tyrosyl species and 3-nitro derivatives,
respectively. Tyrosyl residues are iodinated using **I or *!1 to prepare labeled proteins for
use in radioimmunoassay.

- [0106] Carboxyl side groups (aspartyl or glutamyl) are selectively modified by

reaction with carbodiimides (R-N=C=N-R’), where R and R’ are different alkyl groups, such

as 1-cyclohexyl-3-(2-morpholinyl-4-ethyl) carbodiimide or 1-ethyl-3-(4-azonia-4,4-

dimethylpentyl) carbodiimide. Furthermore, aspartyl and glutamyl residues are converted to

asparaginyl and glutaminyl residues by reaction with ammonium ions.

[0107] Glutaminyl and asparaginyl residues are frequently deamidated to the

corresponding glutamyl and aspartyl residues, respectively. These residues are deamidated

under neutral or basic conditions. The deamidated form of these residues falls within the

scope of this invention.

[0108] Other modifications include hydroxylation of proline and lysine,

phosphorylation of hydroxyl groups of seryl or threonyl residues, methylation of the o-amino
32
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groups of lysine, arginine, and histidine side chains (T.E. Creighton, Proteins: Structure and
Molecular Properties, W .H. Freeman & Co., San Francisco, pp. 79-86 (1983)), acetylation of
the N-terminal amine, and amidation of any C-terminal carboxyl! group.

[0109] Another type of covalent modification involves chemically or enzymatically
coupling glycosides to a polypeptide of the invention. These procedures are advantageous in
that they do not require production of the polypeptide in a host cell that has glycosylation
capabilities for N- or O-linked glycosylation. Depending on the coupling mode used, the
sugar(s) may be attached to (a) arginine and histidine, (b) free carboxyl groups, (c) free
sulfhydryl groups such as those of cysteine, (d) free hydroxyl groups such as those of serine,
threonine, or hydroxyproline, (¢) aromatic residues such as those of phenylalanine, tyrosine,
or tryptophan, or (f) the amide group of glutamine. These methods are described in WO
87/05330 published 11 September 1987, and in Aplin and Wriston, CRC Crit. Rev. Biochem.,
pp. 259-306 (1981).

[0110] Removal of any carbohydrate moieties present on a polypeptide of the
invention may be accomplished chemically or enzymatically. Chemical deglycosylation
requires exposure of the polypeptide to the compound trifluoromethanesulfonic acid, or an
equivalént compound. This treatment results in the cleavage of most or all sugars except the
linking sugar (N-acetylglucosamine or N-acetylgalactosamine), while leaving the polypeptide
intact. Chemical deglycosylation is described by Hakimuddin, ef al. Arch. Biochem. Biophys.
259:52 (1987) and by Edge et al. Anal. Biochem., 118:131 (1981). Enzymatic cleavage of
carbohydrate moieties, e.g., on antibodies, can be achieved by the use of a variety of endo-
and exo-glycosidases as described by Thotakura et al. Meth. Enzymol. 138:350 (1987).
[0111] Another type of covalent modification of a polypeptide of the invention
comprises linking the polypeptide to one of a variety of nonproteinaceous polymers, e. g,
polyethylene glycol, polypropylene glycol, or polyoxyalkylenes, in the manner set forth in
U.S. Patent Nos. 4,640,835; 4,496,689; 4,301,144; 4,670,417 4,791,192 or 4,179,337.

[0112] Vectors, Host Cells and Recombinant Methods

[0113] The polypeptides of the invention can be produced recombinantly, using
techniques and materials readily obtainable.

[0114] For recombinant production of a polypeptide of the invention, e.g., VEGF or
additional therapeutic polypeptide agents combined with VEGF, the nucleic acid encoding it
is isolated and inserted into a replicable vector for further cloning (amplification of the DNA)
or for expression. Many vectors are available. The vector components generally include, but

are not limited to, one or more of the following: control sequences, a signal sequence, an
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“origin of replication, one or more marker genes, an enhancer element, a promoter, and a
transcription termination sequence.

[0115] The expression "control sequences" refers to DNA sequences necessary for the
expression of an operably linked coding sequence in a particular host organism. The control
sequences that are suitable for prokaryotes, for example, include a promoter, optionally an
operator sequence, and a ribosome binding site. Eukaryotic cells are known to utilize
promoters, polyadenylation signals, and enhancers.

[0116] Nucleic acid is "operably linked" when it is placed into a functional
relationship with another nucleic acid sequence. For example, DNA for a presequence or
secretory leader is operably linked to DNA for a polypeptide if it is expressed as a preprotein
that participates in the secretion of the polypeptide; a promoter or enhancer is operably linked
to a coding sequence if it affects the transcription of the sequence; or a ribosome binding site
s operably linked to a coding sequence if it is positioned so as to facilitate translation.
Generally, "operably linked" means that the DNA sequences being linked are contiguous,
and, in the case of a secretory leader, contiguous and in reading phase. However, enhancers
do not have to be contiguous. Linking is accomplished by ligation at convenient restriction
sites. If such sites do not exist, the synthetic oligonucleotide adaptors or linkers are used in
accordance with conventional practice. .

[0117] DNA encoding the polypeptide of the invention is readily isolated and/or
sequenced using conventional procedures. For e).(ample, a DNA encoding VEGF is isolated
and sequenced, e.g., by using oligonucleotide probes that are capable of binding specifically
to the gene encoding VEGF. An "isolated" nucleic acid molecule is a nucieic acid molecule
that is identified and separated from at least one contaminant nucleic acid molecule with
which it is ordinarily associated in the natural source of the polypeptide nucleic acid. An
isolated nucleic acid molecule is other than in the form or setting in which it is found in
nature. Isolated nucleic acid molecules therefore are distinguished from the nucleic acid
molecule as it exists in natural cells. However, an isolated nucleic acidv molecule includes a
nucleic acid molecule contained in cells that ordinarily express the polypeptide where, for
example, the nucleic acid molecule is in a chromosomal location different from that of
natural cells.

[0118]Signal Sequence Component

[0119] Polypeptides of the invention may be produced recombinantly not only
directly, but also as a fusion poiypeptide with a heterologous polypeptide, which is typically a

signal sequence or other polypeptide having a specific cleavage site at the N-terminus of the
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mature protein or polypeptide. The heterologous signal sequence selected typically is one
that is recognized and processed (i.e., cleaved by a signal peptidase) by the host cell. For
prokaryotic host cells that do not recognize and process the native polypeptide signal
sequence, the signal sequence is substituted by a prokaryotic signal sequence selected, for
example, from the group of the alkaline phosphatase, penicillinase, Ipp, or heat-stable
enterotoxin II leaders. For yeast secretion the native signal sequence may be substituted by,
e.g., the yeast invertase leader, o factor leader (including Saccharomyces and Kluyveromyces
o-factor leaders), or acid phosphatase leader, the C. albicans glucoamylase leader, or the
signal described in WO 90/13646. In mammalian cell expression, mammalian signal
sequences as well as viral secretory leaders, for example, the herpes simplex gD signal, are
available.

[0120] The DNA for such precursor region is ligated in reading frame to DNA
encoding the polypeptide of the invention.

[0121]Origin of Replication Component

[0122] Both expression and cloning vectors contain a nucleic acid sequence that
enables the vector to replicate in one or more selected host cells. Generally, in cloning
vectors this sequence is one that enables the vector to replicate independently of the host
chromosomal DNA, and includes origins of replication or autonomously replicating
sequences. Such sequences are well known for a variety of bacteria, yeast, and viruses. The
origin of replication from the plasmid pBR322 is suitable for most Gram-negative bacteria,
the 2y plasmid origin is suitable for yeast, and various viral origins (SV40, polyoma,
adenovirus, VSV or BPV) are useful for cloning vectors in mammalian cells. Generally, the
origin of replication component is not needed for mammalian expression vectors (the SV40'

origin may typically be used only because it contains the early promoter).

[0123]Selection Gene Component

[0124] Expression and cloning vectors may contain a selection gene, also termed a
selectable marker. Typical selection genes encode proteins that (a) confef resistance to
antibiotics or other toxins, e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b)
complement auxotrophic deficiencies, or (c) supply critical nutrients not available from -
complex media, e.g., the gene encoding D-alanine racemase for Bacilli.

[0125] One example of a selection scheme utilizes a drug to arrest growth of a host

cell. Those cells that are successfully transformed with a heterologous gene produce a
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protein conferring drug resistance and thus survive the selection regimen. Examples of such
dominant selection use the drugs neomycin, mycophenolic acid and hygromycin.

[0126] Another example of suitable selectable markers for mammalian cells are those
that enable the identification of cells competent to take up the nucleic acid, such as DHFR,
thymidine kinase, metallothionein-I and -II, typically primate metallothionein genes,
adenosine deaminase, ornithine decarboxylase, etc.

[0127] For example, cells transformed with the DHFR selection gene are first
identified by culturing all of the transformants in a culture medium that contains methotrexate
(Mtk), a competitive antagonist of DHFR. An appropriate host cell when wild-type DHFR is
employed is the Chinese hamster ovary (CHO) cell line deficient in DHFR activity. '
[0128] Alternatively, host cells (particularly wild-type hosts that contain endogenous
DHEFR) transformed or co-transformed with DNA sequences encoding a polypeptide of the
invention, wild-type DHFR protein, and another selectable marker such as aminoglycoside
3’-phosphotransferase (APH) can be selected by cell growth in medium containing a
selection agent for the selectable marker such as an aminoglycosidic antibiotic, e.g.,
kanamycin, neomycin, or G418. See U.S. Patent No. 4,965,199.

[0129] A suitable selection gene for use in yeast is the trp1 gene present in the yeast
plasmid Yrp7 (Stinchcomb et al., Nature, 282:39 (1979)). The trp1 gene provides a selection
marker for a mutant strain of yeast lacking the ability to grow in tryptophan, for example,
ATCC No. 44076 or PEP4-1. Jones, Genetics, 85:12 (1977). The presence of the trp1 lesion
in the yeast host cell genome then provides an effective environment for detecting
transformation by growth in the absence of tryptophan. Similarly, Leu2-deficient yeast
strains (ATCC 20,622 or 38,626) are complemented by known plasmids bearing the Leu2
gene.

[0130] In addition, vectors derived from the 1.6 pm circular plasmid pKD1 can be
used for transformation of Kluyveromyces yeasts. Alternatively, an expression system for
large-scale production of recombinant calf chymosin was reported for K. lactis. Van den
Berg, Bio/Technology, 8:135 (1990). Stable multi-copy expression vectors for secretion of
mature recombinant human serum albumin by industrial strains of Kluyveromyces have also

been disclosed. Fleer et al., Bio/T echnology, 9:968-975 (1991).

(0131]Promotor Component

[0132] Expression and cloning vectors usually contain a promoter that is recognized
by the host organism and is operably linked to a nucleic acid encoding a polypeptide of the
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invention. Promoters suitable for use with prokaryotic hosts include the phoA promoter, -
lactamase and lactose promoter systems, alkaline phosphatase, a tryptophan (trp) promoter
system, and hybrid promoters such as the tac promoter. However, other known bacterial
promoters are suitable. Promoters for use in bacterial systems also will contain a Shine-
Dalgarno (S.D.) sequence operably linked to the DNA encoding the polypeptide of the
invention.

[0133] Promoter sequences are known for eukaryotes. Virtually all eukaryotic genes
have an AT-rich region located approximately 25 to 30 bases upstream from the site where
transcription is initiated. Another sequence found 70 to 80 bases upstream from the start of
transcription of many genes is a CNCAAT region where N may be any nucleotide. At the 3’
end of most eukaryotic genes is an AATAAA sequence that may be the signal for addition of
the poly A tail to the 3’ end of the coding sequence. All of these sequences are suitably
inserted into eukaryotic expression vectors.

[0134] Examples of suitable promoting sequences for use with yeast hosts include the
promoters for 3-phosphoglycerate kinase or other glycolytic enzymes, such as enolase,
glyceraldyhyde-3-phosphate dehydrogenase, hexokinase, pyruvate decarboxylase, phospho-
fructokinase, glucose-6-phosphate isomerase, 3-phosphoglycerate mutase, pyruvate kinase,
triosephosphate isomerase, phosphoglucose isomerase, and glucokinase.

[0135] Other yeast promoters, which are inducible promoters having the additional
advantage of transcription controlled by growth conditions, are the promoter regions for
alcohol dehydrogenase 2, isocytochrome C, acid phosphatase, degradative enzymes
associated with nitrogen metabolism, metallothionein, glyceraldyhyde-3-phosphate
dehydrogenase, and enzymes responsible for maltose and galactose utilization. Suitable
vectors and promoters for use in yeast expression are further described in EP 73,657, Yeast
enhancers also are advantageously used with yeast promoters.

[0136] Transcription of polypeptides of the invention from vectors in mammalian
host cells is controlled, for example, by promoters obtained from the genomes of viruses such
as polyoma virus, fowlpox virus, adenovirus (such as Adenovirus 2), bovine papilloma virus,
avian sarcoma virus, cytomegalovirus, a retrovirus, hepatitis-B virus and typically Simian
Virus 40 (SV40), from heterologous mammalian promoters, e.g., the actin promoter or an
immunoglobulin promoter, from heat—shock promoters, provided such promoters are
compatible with the host cell systems.

[0137] The early and late promoters of the SV40 virus are conveniently obtained as

an SV4Q restriction fragment that also contains the SV40 viral origin of replication. The
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immediate early promoter of the human cytomegalovirus is conveniently obtained as a
HindIII E restriction fragment. A system for expressing DNA in mammalian hosts using the
bovine papilloma virus as a vector is disclosed in U.S. Patent No. 4,419,446. A modification
of this system is described in U.S. Patent No. 4,601,978. See also Reyes et al., Nature
297:598-601 (1982) on expression of human B-interferon cDNA in mouse cells under the
control of a thymidine kinase promoter from herpes simplex virus. Alternatively, the rous

sarcoma virus long terminal repeat can be used as the promoter.

[0138]Enhancer Element Component
[0139] Transcription of a DNA encoding a polypeptide of this invention by higher -

eukaryotes is often increased by inserting an enhancer sequence into the vector. Many
enhancer sequences are now known from mammalian genes (globin, elastase, albumin, o.-
fetoprotein, and insulin). Typically, one will use an enhancer from a eukaryotic cell virus.
Examples include the SV40 enhancer on the late side of the replication origin (bp 100-270),
the cytomegalovirus early promoter enhancer, the polyoma enhancer on the late side of the
replicatioh origin, and adenovirus enhancers. See also Yaniv, Nature 297:17-18 (1982) on
enhancing elements for activation of eukaryotic promoters. The enhancer may be spliced into
the vector at a position 5° or 3’ to the polypeptide-encoding sequence, but is typically located
at a site 5’ from the promoter. |
[0140]1Transcription Termination Component

[0141] Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant,
animal, human, or nucleated cells from other multicellular organisms) will also contain
sequences necessary for the termination of transcription and for stabilizing the mRNA. Such
sequences are commonly available from the 5° and, occasionally 3’, untranslated regions of
eukaryotic or viral DNAs or cDNAs. These regions contain nucleotide segments transcribed
as polyadenylated fragments in the untranslated portion of the mRNA encoding the
polypeptide of the invention. One useful transcription termination component is the bovine
growth hormone polyadenylation region. See W094/11026 and the expression vector

disclosed therein.

[0142]Selection and Transformation of Host Cells

[0143] Suitable host cells for cloning or expressing DNA encoding the polypeptides
of the invention in the vectors herein are the prokaryote, yeast, or higher eukaryote cells

described above. Suitable prokaryotes for this purpose include eubacteria, such as Gram-
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negative or Gram-positive organisms, for example, Enterobacteriaceae such as Escherichia,
e.g., E. coli, Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, e.g., Salmonella
typhimurium, Serratia, e.g., Serratia marcescans, and Shigella, as well as Bacilli such as B.
subtilis and B. licheniformis (e.g., B. licheniformis 41P disclosed in DD 266,710 published 12
April 1989), Pseudomonas such as P. aeruginosa, and Streptomyces. Typically, the E. coli
cloning host is E. coli 294 (ATCC 31,446), although other strains such as E. coli B, E. coli
X1776 (ATCC 31,537), and E. coli W3110 (ATCC 27,325) are suitable. These examples are
illustrative rather than limiting,

[0144] In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or
yeast are suitable cloning or expression hosts for polypeptide of the invention-encoding
vectors. Saccharomyces cerevisiae, or common baker’s yeast, is the most commonly used
among lower eukaryotic host microorganisms. However, a number of other genera, species,
and strains are commonly available and useful herein, such as Schizosaccharomyces pombe;
Kluyveromyces hosts such as, e.g., K. lactis, K. fragilis (ATCC 12,424), K. bulgaricus
(ATCC 16,045), K. wickeramii (ATCC 24,178), K. waltii (ATCC 56,500), K. drosophilarum
(ATCC 36,906), K . thermotolerans, and K. marxianus; yarrowia (EP 402,226); Pichia
pastoris (EP 183,070); Candida; Trichoderma reesia (BP 244,234); Neurospora crassa,
Schwanniomyces such as Schwanniomyces occidentalis; and filamentous fungi such as, e. g
Neurospora, Penicillium, Tolypocladium, and Aspergillus hosts such as A. nidulans and A.
niger.

[0145] Suitable host cells for the expression of glycosylated polypeptides of the
invention are derived from multicellular organisms. Examples of invertebrate cells include
plant and insect cells. Numerous baculoviral strains and variants and corresponding
permissive insect host cells from hosts such as Spodoptera frugiperda (caterpillar), Aedes
aegypti (mosquito), Aedes albopictus (mosquito), Drosophila melanogaster (fruitfly), and
Bombyx mori have been identified. A variety of viral strains for transfection are publicly
available, e.g., the L-1 variant of Autographa californica NPV and the Bm-5 strain of
Bombyx mori NPV, and such viruses may be used as the virus herein according to the present
invention, particularly for transfection of Spodoptera frugiperda cells. Plant cell cultures of
cotton, corn, potato, soybean, petunia, tomato, and tobacco can also be utilized as hosts.
[0146] However, interest has been greatest in vertebrate cells, and propagation of
vertebrate cells in culture (tissue culture) has become a routine procedure. Examples of useful
mammalian host cell lines are monkey kiduey CV1 line transformed by SV40 (COS-7,

ATCC CRL 1651); human embryonic kidney line (293 or 293 cells subcloned for growth in
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suspension culture, Graham et al., J. Gen Virol. 36:59 (1977)); baby hamster kidney cells
(BHK, ATCC CCL 10); Chinese hamster ovary cells/~-DHFR (CHO, Urlaub et al., Proc. Natl,
Acad. Sci. USA 77:4216 (1980)); mouse sertoli cells (TM4, Mather, Biol. Reprod. 23:243-251
(1980)); monkey kidney cells (CV1 ATCC CCL 70); African green monkey kidney cells
(VERO-76, ATCC CRL-1587); human cervical carcinoma cells (HELA, ATCC CCL 2);
canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL
1442); human lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065);
mouse mammary tumor (MMT 060562, ATCC CCL51); TRI cells (Mather et al., Annals
NY Acad. Sci. 383:44-68 (1982)); MRC 5 cells; FS4 cells; and a human hepatoma line (Hep
G2).

[0147] Host cells are transformed with the above-described expression or cloning
vectors for polypeptide of the invention production and cultured in conventional nutrient
media modified as appropriate for inducing promoters, selecting transformants, or amplifying

the genes encoding the desired sequences.

[0148] Culturing the Host Cells

[0149] The host cells used to produce polypeptides of the invention may be cultured
in a variety of media. Commercially available media such as Ham’s F10 (Sigma), Minimal
Essential Medium ((MEM), (Sigma), RPMI-1640 (Sigma), Dulbecco’s Modified Eagle’s
Medium ((DMEM), Sigma), normal growth media for hepatocytes (Cambrex), growth media
for pre-adipocytes (Cambrex), etc. are suitable for culturing the host cells. In addition, any of
the media described in Ham et al., Meth. Enz. 58:44 (1979), Barnes et al., Anal.
Biochem.102:255 (1980), U.S. Pat. Nos. 4,767,704; 4,657,866; 4,927,762; 4,560,655; or
5,122,469; WO 90/03430; WO 87/00195; or U.S. Patent Re. 30,985 may be used as culture
media for the host cells. Any of these media may be suﬁplemented as necessary with
hormones and/or other growth factors (such as insulin, transferrin, or epidermal growth
factor), salts (such as sodium chloride, calcium, magnesium, and phosphate), buffers (such as
HEPES), nucleotides (such as adenosine and thymidine), antibiotics (such as
GENTAMYCIN™drug), trace elements (defined as inorganic compounds usually present at
final concentrations in the micromolar range), and glucose or an equivalent energy source.
Any other necessary supplements may also be included at appropriate concentrations that
would be known to those skilled in the art. The culture conditions, such as temperature, pH,
and the like, are those previously used with the host cell selected for expression, and will be
apparent to the ordinarily skilled artisan.
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[0150] Polypeptide Purification

[0151] When using recombinant techniques, a polypeptide of the invention, e.g.,
VEGEF or additional therapeutic polypeptide agent that is combined with VEGF, can be
produced intracellularly, in the periplasmic space, or directly secreted into the medium.
Polypeptides of the invention may be recovered and/or isolated from culture medium or from
host cell lysates. An "isolated" polypeptide is one that has been identified and separated
and/or recovered from a component of its natural environment. Contaminant components of
its natural environment are materials that would interfere with diagnostic or therapeutic uses
for the polypeptide, and may include enzymes, hormones, and other proteinaceous or
nonproteinaceous solutes. In certain embodiments, the polypeptide will be purified (1) to
greater than 95% by weight of polypeptide as determined by the Lowry method, or more than
99% by weight, (2) to a dégree sufficient to obtain at least 15 residues of N-terminal or
internal amino acid sequence by use of a spinning cup sequenator, or (3) to homogeneity by
SDS-PAGE under reducing or nonreducing conditions using Coomassie blue, or silver stain.
Isolated polypeptide includes the polypeptide in situ within recombinant cells since at least
one component of the polypeptide's natural environment will not be present. Ordinarily,
however, isolated polypeptide will be prepared by at least one purification step.

[0152] Various methods of protein purification may be employed and such methods
are known in the art and described for example in Deutscher, Methods in Enzymology, 182
(1990); Scopes, Protein Purification: Principles and Practice, Springer-Verlag, New York
(1982). The purification step(s) selected will depend, for example, on the nature of the
production process used and the particular polypeptide of the invention produced. If
membrane-bound, polypeptides of the invention can be released from the membrane using a
suitable detergent solution (e.g. Triton-X 100) or by enzymatic cleavage. Cells employed in
expression of a polypeptide of the invention can be disrupted by various physical or chemical
means, such as freeze-thaw cycling, sonication, mechanical disruption, or cell lysing agents.
The following procedures are exemplary of suitable purification procedures: by fractionation
on an ion-exchange column; ethanol precipitation; reverse phase HPLC; chromatography on
silica, chromatography on heparin SEPHAROSE™ chromatography on an anion or cation
exchange resin (such as a polyaspartic acid column, DEAE, etc.); chromatofocusing; SDS-
PAGE; ammonium sulfate precipitation; gel filtration using, for example, Sephadex G-75;
protein A Sepharose columns to remove contaminants such as IgG; and metal chelating

columns to bind epitope-tagged forms of polypeptides of the invention.
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[0153] For example, a VEGF composition prepared from the cells can be purified
using, for example, heparin chromatography, gel electrophoresis, and dialysis. Other
techniques for protein purification are also available.

[0154] Articles of Manufacture

[0155] In another embodiment of the invention, an article of manufacture containing
materials useful for the methods and treatment of wounds described above is provided. The
article of manufacture comprises a container, a label and a package insert. Suitable
containers include, for example; bottles, vials, syringes, dressings, bandages etc. The
containers may be formed from a variety of materials such as glass,. plastic, nylon, cotton,
polyester, etc. The container holds a composition which is effective for treating the condition
and may have a sterile access port or may be a tube with multiple dosages or may be a
syringe with indications of measured amounts of active agent. At least one active agent in
the composition is included in the container. The label on, or associated with, the container
ihdicates that the composition is used for accelerating or improving wound healing. The
article of manufacture may further comprise a second container comprising a
pharmaceutically-acceptable buffer, such as normal saline, phosphate-buffered saline,
Ringer’s solution and dextrose solution, or gel solution. It may further include other
materials desirable from a commercial and user standpoint, including other buffers, diluents,
filters, dressings, bandages, applicators, gauze, barriers, semi-permeable barriers, tongue
depressors, needles, and syringes. Optionally, a set of instructions, generally written
instructions, is included, which relates to the use and dosage of VEGF for administering to
the wound described herein. The instructions included with the kit generally include .
information as to dosage, dosing schedule, and route of administration for the treatment the
disorder. The containers of VEGF may be unit doses, bulk packages (e.g., multi-dose
packages), or sub-unit doses.

[0156] The specification is considered to be sufficient to enable one skilled in the art
to practice the invention. Indeed, various modifications of the invention in addition to those
shown and described herein will become apparent to those skilled in the art from the

foregoing description and fall within the scope of the appended claims.

EXAMPLES
[0157] It is understood that the examples and embodiments described herein are for

illustrative purposes only and that various modifications or changes in light thereof will be
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suggested to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appended claims.

[0158] Example 1: Topical VEGF in wound healing VGF2763g Clinical Trial

(01591 A double-blind (e.g., pharmacist unblinded, MD blinded and patient blinded)
clinical trial was performed to determine if application of topical VEGF could promote
wound healing in human subjects with diabetic ulcerations. See Table 4 for a chart of
baseline disease characteristics of the patients in the study for administering rhVEGF (as
referred herein as “Telbermin”) for the treatment of diabetic wounds. The design of the study
is indicated in Fig. 1.

Table 4 Baseline Disease Characteristics

Placebo (N=26) Telbermin (N=29)
Mean Age, y (range) 59.3 (38-81) 59.5 (42-74)
Mean Glucose, mg/dL (range)* 225.8 (77-465) 179.1 (29-593)
[ Mean HbAIC, % (range)t 8.4 (5.5-13.6) 8.3 (5.6-13.6)
Ulcer Debrided at Screening, N (%)
Yes 21 (80.8) 27 (93.1)
No 5(19.2) 2 (6.9)

Mean Ulcer Area, cmi® (range)

Length x Width at Screening | 1.85 (1.08-2.90) 1.92 (0.96-4.08)

Planimetry at Screening 3 1.14 (0.50-2.24) 1.35 (0.59-3.51)

Planimetry at Day 1 1.05 (0.62-2.34) 1.15 (0.44-2.97)

* One placebo-treated subject Was excluded from summary because of a missing glucose value. tOne
telbermin-treated subject was excluded from summary because of a missing HbA1Cvalue. $Two placebo-

treated subjects did not have baseline planimetry assessments.

[0160] 24 of the placebo treated patients completed the treatment phase and 22
completed the observation phase. 27 of the telbermin (topical recombinant VEGF) treated
patients completed the treatment phase and 22 completed the observation phase. Patients
with diabetes mellitus I or I (controlled, glycosylated hemoglobin Alc (HbAlc) < 12%) with
debrided ulcer area of 0.4 cm? and < 4.0 cm? at day 1 that were superficial wounds (e.g., at
UT stage 1a (no bone, muscle, tendon), see Table 2) were treated with either VEGF or a

placebo 3 times a week for 6 weeks (18 doses total). Treatment was every 48 hours (+/- 24
43



o
-

/

WO 2006/138468 PCT/US2006/023318

hours) but no more than 3 doses per week. The amount of VEGF per treatment was 72
ug/cm®. The VEGF was prepared on site. 0.22 ml of VEGF (5Smg/ml) or the Placebo (buffer
vehicle) was removed from the vial and added to about a 5% methylcellulose (e.g., 4.7%)
(e.g., Methocel A4M premium methylcellulose (The Dow Chemical Company; Midland, MI)
formulation in SmM succinate buffer, pH 5.0. The VEGF or Placebo and the gel were mixed
for 2 hours, which increased viscosity and reduced the loss of dosing material when applied.
A final 0.06% VEGF gel (final gel 3% methylcellulose) in 5 mM, pH 5.0 succinate buffer
(with, e.g., at VEGF 1.8 mg/ml, 0.0036% polysorbate 20 and 100 mM trehalose dehydrate)
was the final dosing material. The final dosing material was applied with a 1.0 ml tuberculin
syringe, e.g., filled with 0.6 mL of final dosing material.

[0161] Typically, the ulcer was a chronic ulcer. The ulcer duration was greater than
or equal to 4 weeks to less than 6 months before treatment. There was no active infection and
the subject had a perfused limb: ankle-brachial index (ABI) = 0.6 and less than or equal to 1.2
on the study foot. During the treatment the two groups VEGF or placebo had good wound
care practice and weekly assessments, e.g., physical examinations, planimetric tracings
and/or 35-mm photographs (e.g., Food and Drug Administration (FDA) Guidance for
Industry 2000, Chronic Cutaneous Ulcer and Burn Wounds-Developing Products for
Treatment, June 2000). |

[0162] The endpoints to be addressed were incidence of complete wound closure,
which included skin closure without drainage or dressing requirements, (e.g., assessed, e.g., 3
months following closure) and accelerated wound healing, where the rate reflects a clinically
meaningful diminution of time until, e.g., complete closure occurs, and a time to event
analysis (e.g., time to complete closure). Primary efficacy endpoint was percent reduction in
total ulcer surface area at day 43 (up to Day 49) from baseline was determined by quantitative
analysis of planimetric tracings of the ulcer. Secondary efficacy endpoints included: percent
reduction in total ulcer surface area at Day 29 and Day 84 compared with baseline (e. g., Day
1 value), incidence of complete ulcer healings at Days 29, 43, and 84, time (e.g., days) to
complete healing of ulcer, time (e.g., days) to recurrence of ulcer formation for subject with
complete ulcer healing prior to end of treatment, incidence of increased total ulcer surface
area (> 15%) compared with baseline, incidence of advancing ulcer stage (e.g., > UT 1a), and
microcirculatory perfusion of the ulcer bed at Days 1, 8, 22, and 43.

[0163] Safety issues that were monitored involved clinically-significant hypotension

(e.g., defined as a drop of > 35 mmHg in systolic blood pressure relative to predose at 60
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minutes after the application of each dose of study drug during the first treatment week (days
1, 3 and 5), clinically-significant ulcer infection (e.g., defined by increased discharge and
malodorous exudates from the ulcer, fever (temperature of 2 38.6°C), and a white blood cell
(WBC) count of > 10,000uL), production of anti-VEGF antibodies, etc. Blood pressure was
measured prior to each does and 60 minutes after each dose during the first week.

[0164] Total volume of gel applied for each treatment is 0.12-0.48 mL (72 ug-288 pg
VEGF). The amount of gel applied was based upon wound measurements (LxW), where L is
the longest edge-to-edge length in cm and W is the longest edge-to-edge width perpendicular
to L in cm (LxW=estimated surface area (cm?)). For example, the gel is applied by using a
sterile tongue depressor, where the total amount of gel applied over entire surface of ulcer,
was at a thickness of 1/16’. The wound is covered with sterile, semipermeable barrier (e.g.,
adaptec film dressing) and wrapped with cotton gauze (e.g., Kerlix) wrap. At the next
treatment, the dressing is removed and the ulcer gently irrigated with sterile normal saline.
Ulcer surface is measured again, the appropriate dose of gel is applied and the ulcer is
redressed. ‘

[0165] Results: Topical VEGF appears to be safe and well-tolerated. Incidence of
adverse events was comparable between treatment groups (telbermin and placebo groups).
None of the adverse events or serious adverse events observed were attributed to the study
drug. Two patients discontinued the study due to serious adverse events (1 in the telbermin
group—> infected skin ulcer; 1 in the placebo group—>localized infection). There was one
patient in the telbermin group who died 4 days following the last treatment, but the death was
not attributed to the study drug. No cases of clinically sighificant hypotension were
observed in either treatment group.

[0166] Data suggests evidence of biological activity. No safety signals were observed
in a trial that had small ulcer sizes that were UT stage 1a. See Table 5 for a summary of the
results for median % reduction in wound area, % of subjects with complete healing and time
to healing. In diabetic Subjects treated with VEGF for 6 weeks at 3 times per week, the
population of subjects showed a 14-25% improvement in complete wound healing after 6 _
weeks with VEGF compared to placebo. The trial showed that VEGF had acceleration of
healing of ~75-100% faster than placebo. See Table 6, which illustrates the time to first
complete ulcer healing in patients treated with Telbermin (thVEGF) or placebo. Time for
complete healing of the ulcer was accelerated in patients treated with VEGF, e.g., time to

complete healing (25™ percentile) was 32.5 days verses 43.0 days.
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Table 5 .
Median % % Subjects with Time to Healing
Reduction in Wound Complete (VEGF vs.
Area (total ulcer Healing (VEGF  Placebo)*
surface) vs. Placebo)**
(VEGF vs.
Placebo)z*
Day 43 Safety 95% vs. 85% 41% vs. 27% HR 1.75 (p=0.18)
(Week 6) Evaluable (p=0.67) (p=0.39)
Efficacy' 100% vs. 88% 52% vs. 27% HR 1.98 (p=0.12)
Evaluable (p=0.17) (p=0.13)
Day 84 Safety 100% vs. 92% 52% vs. 35% HR 1.87 (p=0.13)
(WK 12) Evaluable (p=0.49) (p=0.28)
Efficacy’ 100% vs. 93% 71% vs. 38% HR 2.10 (p=0.08)
Evaluable (p=0.05) (p=0.06)

! Efficacy evaluable subjects (specified prior to unblinding):
Major protocol violators removed

Subjects missing 3 consecutive doses-censored at last available dosing
No LOCEF (missing data not imputed)
? p-value: Wilcoxon rank-sum fest

* p-value: Fisher’s exact test.

* p-value: Log-Rank test
*assessment method-quantitative planimetric analysis
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Table 6
Time to Complete Healing* Placebo(N=26) Telbermin (N=29)
25" percentile, day 43.0 32.5
50" percentile, day ND 58.0

ND = Not detectable

* Estimated using the Kaplan Meier method.

[0167] For subjects who achieved complete ulcer healing, recurrence of ulcer
formation was assessed between the time of first complete ulcer healing and the time of study
completion or discontinuation. Of the safety evaluable subjects who achieved complete ulcer
healing, 26.7% of the telbermin-treated subjects (4 of 15) and 33.3% of the placebo-treated
subjects (3 of 9) had a recurrence of ulcer formation (log-rank p-value = 0.57). The hazard
ratio for recurrence of ulcer formation for telbermin-treated subjects compared with placebo-
treated subjects was 0.63 (95% CI: 0.13, 3.15).

[0168] Example 2: Topical VEGF in wound healing

{0169] Subjects, e.g., patients with diabetes mellitus I or II, with an estimated ulcer
area after sharp debridement of, e. g., 21.0 cm’® and < 6.5 cm? at the start of treatment, are
treated with topical recombinant VEGF (e.g., gel formulation) daily for 12 weeks (for a total
of up to 84 doses) total or until complete wound closure (e.g., skin closure without drainage
or dressing requirements), which ever comes earlier. Subjects can be observed for 12 weeks
or more after the treatment phase. Subjécts receive either 24 pg/cm?, 72 glem?, or 216
ng/em® VEGF in each daily treatment. The ulcer surface area (cm?) is estimated, e.g., by the
length (L(cm)) is the longest edge-to-edge measurement of the ulcer and the width (W(cm))
is taken from a perpendicular axis to the length at the longest edge-to-edge measurement.
The estimated surface area is then LxW. Treatment can be assessed by measurement of the
perimeter of the ulcer area via tracings, planimetric analysis tracings of the ulcer margin,
photographs; physical examinations, etc. The VEGF applied will be 1.8, 0.6 and 0.2 mg/ml
of VEGF, 3% methylcellulose (e.g., Methocel A4M premium methylcellulose (The Dow
Chemical Company; Midland, MI), in 5 mM, pH 5.0 succinate buffer (Wlth e.g., at VEGF
1.8 mg/ml, 0.0036% polysorbate 20 and 100 mM trehalose dehydrate).

[0170] The specification is considered to be sufficient to enable one skilled in the art

to practice the invention. It is understood that the examples and embodiments described

47



AL
A

WO 2006/138468 PCT/US2006/023318

herein are for illustrative purposes only. Indeed, various modifications of the invention in
addition to those shown and described herein will become apparent to those skilled in the art

from the foregoing description and fall within the scope of the appended claims.
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CLAIMS
We claim:
1. A method of accelerating wound healing in a subject, the method comprising:
administering an effective amount of VEGF to a wound, wherein the administration of the

effective amount of VEGF accelerates wound healing greater than 60% when compared a

control.

2. The method of claim 1, wherein the acceleration of wound healing is equal to or greater

than 74% when compared to the control.

3. The method of claim 1, wherein the acceleration of wound healing is assessed by %

reduction in wound area.
4. The method of claim 3, wherein the wound area is about 0.4 cm? or more before treatment.
5. The method of claim 3, wherein the wound area is about 1.0 cm? or more before treatment.

6. The method of claim 1, wherein the acceleration of wound healing is assessed by rate of

complete wound healing
7. The method of claim 1, wherein the wound is a diabetic foot ulcer.

8. The method of claim 1, wherein the effective amount of VEGF is administered at least

three times a week.

9. The method of claim 1, wherein the effective amount of VEGF is administered at least for

six weeks.

10. The method of claim-l, wherein the effective amount of VEGF is administered until

there is complete wound closure.
11. The method of claim 1, wherein the VEGF is VEGF¢s.

12. The method of claim 1 or 11, wherein the VEGF is recombinant human VEGFE.
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~ 13. The method of claim 1, wherein the administration is topical.
14. The method of claim 1, wherein the VEGF is in a formulation for topical administration.
15. The method of claim 1, wherein the wound is a chronic wound.

16. The method of claim 1, wherein the wound is a pressure ulcer, a decubitus ulcer, a venous

ulcer, a burn, a surgical wound, or a normal wound.

17. The method of claim 1, wherein the subject is undergoing or has undergone a treatment,

wherein the treatment delays or provides ineffective wound healing.

18. The method of claim 1, wherein the subject has a secondary condition, wherein the

secondary conditions delays or provides ineffective wound healing.
19. The method of claim 18, wherein the secondary condition is diabetes.

20. The method of claim 1, wherein the effective amount of VEGF is about 20 uglem? to
about 250 pg/cm?.

21. The method of claim 20, wherein the effective amount of VEGF is about 24 78 g/cmz.
22. The method of claim 20, wherein the effective amount VEGF is about 72 uglem?.

23. The method of claim 20, wherein the effective amount VEGF is about 216 uglem?,
24. The method of claim 1, wherein the subject is human.

25. A method of accelerating wound healing in a human subject, the method comprising
administering an effective amount of VEGF to a wound, wherein the administration of the
effective amount of VEGF accelerates wound healing greater than 60% when compared a

control and wherein the wound is present on the subject for about 4 weeks or more before

administering the effective amount of VEGF.
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Cicatrizacion de Heridas
SOLICITUD RELACIONADA

[0001] La presente solicitud reivindica prioridad a la Solicitud
Provisional de los Estados Unidos serie No. 60/691,909 y el beneficio de
la misma, presentada el 17 de junio de 2005, y a la Solicitud Provisional
de los Estados Unidos serie No. 60/794,008, presentada el 21 de abril de

2006, cuyas especificaciones se incorporan en este caso en su integridad.

CAMPO DE LA INVENCION
[0002] La invencion se refiere a métodos de acelerar o mejorar la
cicatrizacion de una herida administrando el factor de crecimiento

endotelial vascular (VEGF).

ANTECEDENTES
[0003] La cicatrizacion de una herida es un proceso complejo, que
implica una fase de inflamacién, una fase de formacién de tejido de

granulacion y una fase de remodelacion del tejido. Singer and Clark,

Cutaneous Wound Healing, N. Engl. J. Med. 341:738-46 (1999). Estos

episodios se desencadenan por citocinas y factores de crecimiento que se
liberan en el sitio de lesion. Muchos factores pueden complicar o
interferir la cicatrizacion adecuada y normal de una herida. Por ejemplo,
tales factores incluyen la edad, la infeccidn, una nutricion deficiente, la
inmunosupresion, los medicamentos, la radiacién, la diabetes, la
vasculopatia periférica, la enfermedad sistémica, el tabaquismo, el

estrés, etc.

[0004] El desarrollo de una tlcera del pie diabético (también
denominada herida) es una complicaciéon comin para los pacientes con
diabetes, una enfermedad incapacitante cronica que afectara

aproximadamente 20 millones de personas en los Estados Unidos en

Q



WO 2006/138468 PCT/US206/023318 ;

2005. Una ulcera cronica se define como una herida que no sigue un RS
pro‘ceso de reparacion ordenado y oportuno para producir integridad
anatomica y funcional (véase, por ejemplo, Lazarus et al., Definitions

and guidelines for assessment of wounds and evaluation of healing,

Arch. Dermatol. 130:489-93 (1994)). Por su naturaleza, la Glcera de pie

~diabético es una herida crénica (American Diabetes Association,
- Consensus development conference on diabetic foot wound care.

Diabetes Care, 22(8): 1354-60 (1999)). Debido a que la piel sirve como

la barrera primaria contra el ambiente, una herida abierta, resistente al
tratamiento, puede ser catastréfica; puede tener como resultado una
incapacidad mayor (incluida la pérdida de la extremidad) e, incluso, la
muerte. La ulceracion del pie es la precursora de alrededor de 85% de
las amputacionés de las extremidades inferiores en personas con

diabetes. Vedse, por ejemplo, Apelqvist, et al., What is the most

effective way to reduce incidence of amputation in the diabetic foot?

Diabetes Metab Res. Rev., 16(1 Suppl.): S75-S83 (2000).

[0005] Se ha divulgado que hay mas de treinta y cinco millones de
heridas cutdneas que requieren intervencién anualmente en los Estados

Unidos. Véase, por ejemplo, Tonnesen et al., Angiogenesis in Wound

- Healing JID Symposium Proceedings 5(1):40-46 (2000). Las terapias
actuales de cuidado de heridas no han sido suficientemente exitosas
debido a su desalentadora eficacia Yy a su costo. Por consiguiente,
subsiste una necesidad de mejorar y optimizar las terapias de
cicatrizacion de heridas para ciertos sujetos. La presente invencién
aborda estas y otras necesidades, como se hara evidente luego de

estudiar la siguiente divulgacién. -
SUMARIO

[0006] ~ Se proveen métodos para acelerar la cicatrizacion de

heridas, por ejemplo, heridas agudas (por ejemplo, quemaduras, herida
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quirtrgica, etc.) o crénicas (por ejemplo, ulcera diabética, ulcera por
presion, ulcera de dectibito, tlcera venosa, etc.), o-normales. Se ofrecen
igualmente métodos para mejorar la cicatrizacién | de una herida,
reduciendo al mismo tiempo el niimero de recurrencias de ulceras, con la
administracién de factor de crecimiento endotelial vascular (VEGF).
Los métodos incluyen, por ejemplo, un método de acelerar la
cicatrizacion de una herida en un sujeto, donde un método comprende
administrar una cantidad efectiva de VEGF a una herida, donde la
administracion de la cantidad efectiva de VEGF acelera la cicatrizacion
de una herida en mas de 50%, o igual o mayor a 60%, igual 0 mayor a
70%, igual o mayor a 74%, igual o mayor a 75%, igual o mayor a 80%,
igual 0 mayor a 85%, igual o mayor a 90%, igual o mayor a 95%, igual o
mayor a 100%, igual o mayor a 110% o mas, cuando se compara con un
control. Un control incluye, perd no se limita a, por ejemplo, un sujeto a
quien no se administra tratamiento, o un sujeto a quien se administra una
cantidad sub-terapéutica de VEGF, o un sujeto a quien se administra otro
tratamiento para curacion de heridas, o un sujeto a quien se administra
un placebo, con o sin buen manejo y cuidado de la herida (GWC), o un
sujeto a quien se administra GWC solo. El GWC puede incluir, pero no
se limita a, por ejemplo, .desbridamiento, limpieza/vendajes, alivio de la
presion, control de la infeccidn, y/o sus combinaciones. En una
incofporaCién, un metodo de acelerar la cicatrizacion de una herida en un
sujeto humano incluye administrar una cantidad efectiva de VEGF g una
herida, en donde la admiﬁistraci(’)n de la cantidad efectiva de VEGF
- acelera la cicatrizacion de una herida en mas de 60%, cuando se compara
con un control, y en donde la herida esta presente en el sujeto durante
alrededor de 4 semanas o mas antes de administrar la cantidad efectiva
de VEGF. En una incorporacién, un método de acelerar la cicatrizacion
de una herida en un sujeto humano incluye administrar una cantidad
- efectiva de rthVEGF165 a una herida diabética, donde la administracién
de la cantidad efectiva de thVEGF165 acelera la cicatrizacién de una

herida en més de 60%, cuando se compara con un control. En ciertas

L
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incorporaciones, puede emplearse en los métodos un agonista VEGFR \)

en lugar de VEGF, o con él.

[0007] La valoracién de la cicatrizacion de una herida puede
determinarse, por rejemplo, mediante el % de reduccion en el area de la
herida, o el cierre completo de la herida. El 4rea de la herida puede
determinarse mediante andlisis cuantitativo, por ejemplo, mediciones del
‘4rea de la herida, registros planimétricos de la herida, etc. El cierre
completo de la herida puede determinarse mediante, por ejemplo, el
cierre de la piel sin requerimientos de drenaje o vendaje. Igualmente, |
para valorar la cicatrizacién de una herida pueden utilizarse fotografias
de la herida, exdmenes fisicos de la herida, etc. La aceleracion de la
cicatrizacion de una herida puede expresarse en términos del % de
aceleracion, o expresarse en términos de la relacion de riesgo como
tiempo para la cicatrizacion (por ejemplo, VEGF versus un control, por
ejemplo, un placebo), etc. En ciertas incorporaciones de la invencion, la
- relacion de riesgo (HR) es mayor que o igual a 1.75, o mayor que o igual
a 1.8, o mayor que o igual a 1.85, o mayor que o igual a 1.87, o mayor
que o igual a 1.9, 0 mayor que o igual a 1.95, o mayor que o igual a 1.98,

o mayor que o igual a 2.0, o mayor que o igual a 2.1 o0 mas.

[0008] En una incorporacion, la herida comprende ademads una
infeccion. En otra incorporacion, la herida es una herida isquémica. En
una incorporacién, el area de la herida antes del tratamiento es alrededor
de 0.4 ¢cm® o n;és, o alrededor de 1.0 cm? o mas, o entre alrededor de 1.0
em’ y alrededor de 10.0 cm’, o entre alrededor de 1.0 cm? y alrededor de
6.5 cm’, o entre alrededor de 1.0 cm? y alrededor de 5.0-cm® En una
incorporacion adicional, el 4rea de la herida se determina antes del
tratamiento con VEGF, pero después del desbridamiento. En una
_incorporacién, la herida esta presente en el sujeto durante alrededor de 4
semaﬁas 0 mas, o alrededor de 6 semanas o mas, antes de administrar el

VEGF. En ciertos ‘aspectos de la invencién, el sujeto esti bajo
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tratamiento o se ha sometido a él, en donde el tratamiento retrasa o

produce una cicatrizacién ineficaz de una herida. En otra incorporacion,
el sujeto tiene una afeccién secundaria, en donde la afeccién secundaria
retrasa o produce una cicatrizacién ineficaz de una herida. En una

incorporacién adicional, la afeccién secundaria es diabetes.

[0009] En una incorporacion, el VEGF administrado es VEGF 165
(por ejemplo, VEGF humano recombinante (por ejemplo, VEGF s
humano)). En una incorporacién, el VEGF se administra topicamente.
En ciertas incorporaciones, el VEGF se administra en combinacion con
otros factores que aceleran la cicatrizacion de una herida (por ejemplo,
factor o agente de angiogénesis, agente o procedimiento de cicatrizacion
de heridas, factor de crecimiento, etc.). El VEGF puede formularse en,
por ejemplo, una formulacién de liberacion lenta, un formulacién en gel,
un vendaje o apésito, etc. En ciertas incorporaciones, el sujeto-es un
humano.  En una incorporacién, la cantidad efectiva de VEGF
administrada es alrededor de 20 pg/cm’” a alrededor de 250 ug/cm?®. En
ciertas incorporaciones, la cantidad efectiva administrada es alrededor de
24 uglem?, o 24 ug/em®. En ciertas incorporaciones, la cantidad efectiva
administrada es alrededor de 72 ug/em?®, o 72 ng/cm’.  En ciertas
incorporaciones, la cantldad efectiva administrada es alrededor de 216
ug/em?, o 216 ug/em®. En una incorporacion, la cantidad efectiva de
VEGF administrada es 20 ug/em® a 250 ng/em’.  En ciertas
incorporaciones, la cantidad efectiva administrada es alrededor de 24
png/cm’ a alrededor de 216 ng/em?, o 24 ug/em’ a 216 pg/cm’®. En ciertas
incorporaciones, la cantidad efectiva administrada es alrededor de 24
| pg/cm a alrededor de 72 pg/em?, o 24 ng/em’® a 72 ug/cm’. En ciertas
incorporaciones, la cantidad efectiva administrada es alrededor de 72
Hg/cm’ a alrededor de 216 ug/em?, o 72 ug/em® a 216 pg/cm’®. En ciertas
'incorporacionés, la cantidad efectiva administrada es alrededor de 216

png/cm’ a alrededor de 250 ug/em?® 0216 pg/cm’ a 250 ng/cm?,

~
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[0010] La administracion de la cantidad efectiva de VEGF puede
ser diaria o, en forma opciOnal, unas cuantas veces a la semana, por
ejemplo, por lo menos dos veces a la semana, o por lo menos tres veces
a la semana, o por lo menos cuatro veces a la semana, o por lo menos
cinco veces a la semana, o por lo menos seis veces a la semana. En una
incorporacion, el VEGF se administra durante por lo menos seis
semanas, o mas de seis semanas, o por lo menos alrededor de doce
semanas, o hasta el cierre completo de la herida (por ejemplo, el cual
puede determinarse mediante cierre de la piel sin requerimientos de
drenaje o apésitos). En una incorporacion, el VEGFE se administra

durante menos de 20 semanas para un ¢iclo de tratamiento.

[0011] Meétodos de la invencion incluyen asimismo un método de
mejorar la cicatrizacion de una herida en una poblacién de sujetos. Por
ejemplo, un método comprende administrar una cantidad efectiva de
VEGF a una herida de un sujeto de la poblacién, donde Ia
administracion de la cantidad efectiva de VEGF resulta en un mejora de
mas de 10% (o més de 12%, o 14%, 0 15%, 0 17%, 0 20%. o 25%, o
30%, 0 33%, 0 35%, 0 40%, 0 45%, 0 50% o mas) en la cicatrizacion
de una herida en la poblacién, comparada con una poblacion de control.
Por ejemplo, una poblacién de control incluye, pero no se limita a, por
ejemplo, sujetos a los que no se administra tratamiento, o sujetos a
quienes se administra una cantidad sub-terapéutica de VEGF, o sujetos a
quienes se administra otro tratamiento de la herida, o sujetos a quienes

se administra un placebo, con o sin buen manejo y cuidado de la herida

(GWC), o sujetos a quienes se administra el GWC solo. En una

incorporacion, la cicatrizaciéon mejorada de una herida se evalia por la
completa cicatrizacion de una herida. En ciertas incorporaciones de la
invencion, la poblacion incluye sujetos con cicatrizacién deficiente de
una herida. En una incorporacién, la poblacién se compone de pacientes
diabéticos con heridas crénicas, por ejemplo, durante alrededor de 4

semanas o mas antes del tratamiento.

A
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[0012] La invencién provee igualmente métodos para reducir la
recurrencia de tlceras. Por ejemplo, un método comprende administrar
una cantidad efectiva de VEGF a una ulcera, donde la incidencia de la
formaciéon de tlcera se reduce con la administracién de VEGF ,
comparada con un control. Por ejemplo, un control incluye, pero no se
limita a, por ejemplo, un sujeto a quien no se administra tratamiento, o
un sujeto a quien se administra una cantidad sub-terapéutica de VEGFE , 0
un sujeto a quien se administra otro tratamiento de herida, o un sujeto a
quien se administra un placebo, con o sin buen manejo y cuidado de la

herida (GWC), 0 un sujeto a quien se administra GWC solo.
BREVE DESCRIPCION DE LAS FIGURAS

[0013] Fig. 1 ilustra un disefio de un estudio, por ejemplo, VGF
2763g, para administrar thVEGF para el tratamiento de - heridas

diabéticas.

[0014] Fig. 2 ilustra la curva de respuesta a la dosis de la adicion

de thVEGF en un modelo de herida de oreja isquémica en un conejo el

dia 14.

[0015] Fig. 3 ilustra una curva de respuesta a la dosis de la adicion

de thVEGF en un modelo de ratén diabético el dia 8.

DESCRIPCION DETALLADA

[0016] Definiciones

[0017] Antes de describir la invencion en detalle, hay que entender
que esta invencion no se limita a composiciones particulares o sistemas
biologicos que, l6gicamente, pueden variar. Hay que entender también
que la terminologia empleada en esta solicitud es con el propdsito de

describir incorporaciones particulares Unicamente, y no pretende ser

—
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limitante. ~ Tal como se emplea en esta especificacion y las
reivindicaciones aﬁexas, las formas del singular "uno", "una" y "el/la"
incluyen referentes del plural, a menos que el contenido dicte claramente
otra cosa. Por consiguiente, por ejemplo, la referencia a "una molécula"
incluye opcionalmente una combinacién de dos o mds de tales

moléculas, y similares.

[0018] El término "VEGF" (también denominado VEGF-A), tal
como se emplea en esta solicitud, se refiere a la proteina factor de
crecimiento celular endotelial vascular. El término "VEGF humanq"
(también denominado VEGF-A humano), tal como se emplea en esta
solicitud, se refiere al factor de crecimiento celular endoteljal humano de
165 aminoacidos, y factores de crecimiento celular endotelial vascular
relacionados de 121, 145, 183, 189 y 206 (y demas isoformas)
aminoacidos, como se describe por Leung et al, Science 246:1306
(1989), y Houck et al., Mol. Endocrin. 5:1806 (1991), junto con las
formas élélicas, de ocurrencia natural y procesadas, de esos factores de

crecimiento.

[0019] Un "polipéptido de secuencia natural" comprende un
polipéptido que tiene la misma secuencia de aminoicidos que el

polipéptido derivado de la naturaleza. Por lo tanto, un polipéptido de

secuencia natural puede tener la secuencia de aminoacidos de cualquier

mamifero. Tal 'polipéptido de secuencia natural puede aislarse de la
naturaleza o puede producirse por medios sintéticos o recombinantes. El
término polipéptido de "secuencia natural" abarca especificamente
formas truncadas o segregadas de ocurrencia natural del polipéptido (por
ejemplo, una secuencia de dominio extracelular), formas de variantes de
ocurrencia natural (por ejemplo, formas alternativamente empalmadas) y

variantes alélicas de ocurrencia natural del polipéptido.

[0020] Una "variante" de polipéptido significa un polipéptido

2
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biolégicamente activo que tiene por lo menos alrededor de 80% de
identidad de secuencia de aminoédcidos con el correspondiente
polipéptido de secuencia natural, o su fragmento. Tales variantes
incluyen, por ejemplo, polipéptidos en donde se agregan o eliminan uno
o mas residuos de aminoécidos, en el término N- y/o C del polipéptido.
Ordinariamente, una variante tendra por lo menos alrededor de 80% de
identidad de secuencia de aminoécidos, o por lo menqs alrededor de
90% de identidad de secuencia de aminoécidos, o por lo menos
alrededor de 95% o mas de identidad de secuencia de aminoacidos con
el polipéptido de secuencia natural, o su fragmento.  Analogos o
variantes se definen como moléculas en las cuales la secuencia de
aminoécidos, la glucosilacion, u otra caracteristica del VEGF natural se

ha modificado en forma covalente o no covalente.

[0021] El término "variante de VEGF", como se emplea en esta
solicitud, se refiere a una variante, como se describe anteriormente, y/o
un VEGF que incluye una o més mutaciones de aminoécidos en la
secuencia del VEGF natural. Opcionalmente, la una o més mutaciones
de aminoécidos incluyen sustituciones de aminoacidos. El VEGE y sus
variantes para uso en la invencién pueden prepararse por una variedad
de métodos bien conocidos en el arte. Variantes de secuencias de
aminodcidos de VEGF pueden prepararse mediante mutaciones en el
ADN del VEGF. Tales variantes incluyen, por ejemplo, eliminaciones,
inserciones o sustituciones de residuos en la secuencia de aminoacidos
de VEGF, por ejemplo, una secuencia de aminoédcidos humana
codificada por el acido nucleico mostrado en 5,332,671, 5,194,596; 0
5,240,848.  Puede hacerse cualquier combinacién de eliminacion,
insercion y sustitucion para llegar al constructo final, que tiene la
actividad deseada, por ejemplo, la actividad de VEGF, por ejemplo,
acelerar la cicatrizacion de una herida. Las mutaciones que se realizaran
en el ADN que codifica la variante no deben sacar la secuencia del

marco de lectura 'y, preferiblemente, no creardn regiones
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complementarias que puedan producir una estructura ARNm secundaria.
EP 75,444A. Variantes de VEGF pueden valorarse en cuanto a la
actividad VEGF, por ejemplo, mediante un analisis de proliferacion
celular.  Por ejemplo, un analisis de proliferacion celular incluye
aumentar la magnitud del crecimiento y/o reproduccién de la célula en
relacion con una célul_a no trafa_da, 0 una célula tratada reducida en in
vitro 0 in vivo. Un incremento en la proliferacion celular en un cultivo
de células puede detectarse contando el niimero de células antes y
después de la exposicion a una molécula de interés. La magnitud de la
proliferaciéon puede cuantificarse mediante examen microscopico del
grado de confluencia. De igual modo, la proliferacién celular puede

cuantificarse usando el analisis de incorporacién de timidina.

[0022] Opcionalmente, las variantes de VEGF se pl;eparan. por
mutagénesis sitio-dirigida de nucledtidos en el ADN, que codifica el
VEGF naturél, o mediante técnicas de exposicion en bacteridfagos,
produciendo asi ADN que codifica la variante, posteriormente,

expresando el ADN en cultivo celular recombinante.

[0023] Aunque el sitio para introducir una variaciéon de una

secuencia de aminodacidos estd predeterminado, la mutacion per se no

necesita estar predeterminada.  Por ejemplo, para optimizar el

desempefio de una mutacién en un sitio dado, puede conducirse una
mutagénesis aleatoria en el coddn o regién diana, y las variantes de
VEGF expresadas pueden cribarse con respecto a la combinacion optima
de actividad deseada. Técnicas para hacer mutaciones de sustitucién en

sitios predeterminados en ADN, que tiene una secuencia conocida, son

bien conocidas, tales como, por ejemplo, mutagénesis sitio-especifica. -

La preparacion de las variantes de VEGF, descritas en esta solicitud,
puede lograrse mediante técnicas de exposicion en bacteridfagos, tales

como las descritas en la publicacion PCT WO 00/63380.
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[0024] Una vez seleccionado un clon, la regién de la proteina
mutada puede retirarse y ponerse en un vector apropiado para la
produccion de proteinas, generalmente un vector de expresion del tipo

que puede emplearse para la transformacion de un anfitrién apropiado.

[0025] Las eliminaciones de secuencia de aminoéacidos varian
generalmente desde alrededor de 1 a 30 residuos, opcionalmente 1 a 10

residuos, opcionalmente 1 a 5 0 menos y, tipicamente, son contiguos.

[0026] Las inserciones de secuencia de aminodcidos incluyen

fusiones amino- y/o carboxilo-terminales de desde un residuo a

~ polipéptidos de longitud esencialmente irrestricta, asi como inserciones

intrasecuencia de residuos multiples o individuales de aminoacidos. Las
inserciones intrasecuencia (es decir, inserciones en la secuencia del
VEGF natural) pueden variar generalmente desde alrededor de 1 a 10
residuos, opcionalmente 1 a 5 o, de manera opcional, 1 a3. Un ejemplo
de una insercién terminal incluye una fusién de una secuencia sefial, ya
sea heterdloga u homoéloga a la célula anfitriona, al término N, para

facilitar la secrecidn de anfitriones recombinantes.

[0027] Variantes adicionales de VEGF son aquellas en las cuales
por lo menos un residuo de aminoacidos en el VEGF natural se ha
retirado y en su lugar se insertado un residuo diferente. Tales
sustituciones-pueden hacerse de acuerdo con las ilustradas en la Tabla 1.
Variantes de VEGF pueden comprender asimismo aminoicidos no

naturales, como se describe en esta solicitud.

[0028] Los aminodcidos pueden agruparse de acuerdo con
similitudes en las propiedades de sus cadenas laterales (en A. L.
Lehninger, in Biochemistry, second ed., pp. 73-75, Worth Publishers,
New York (1975)): |

1. no polares: Ala (A), Val (V), Leu (L), lle (I), Pro (P), Phe (F), Trp

11
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(W), Met (M)
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2. polares no cargados: Gly (G),. Ser (S), Thr (T), Cys (C), Tyr (Y), Asn

(N), Gln (Q)

3. 4cidos: Asp (D), Glu (E)
4. basicos: Lys (K), Arg (R), His(H)

[0029] Alternativamente, residuos de ocurrencia natural pueden

dividirse en grupos basados en propiedades comunes de cadena lateral:

(1) hidréfobos: Norleucina, Met, Ala, Val, Leu, Ile;

(2) hidréfilos neutros: Cys, Ser, Thr, Asn, Gln;

(3) 4cidos: Asp, Glu;
(4) basicos: His, Lys, Arg;

(5) residuos que influyen en la orientacion de la cadena: Gly, Pro;

(6) aromaticos: Tip, Tyr, Phe.

o
e

Tabla 1
Residuo Sustituciones Sustituciones
Original Ejemplares Preferidas
Ala (A) Val; Leu; Ile Val
Arg (R) Lys; Gln; Asn Lys
Asn (N) | Gln; His; Asp, Lys; Arg GIn
Asp (D) Glu; Asn Glu
Cys (C) Ser; Ala Ser
Gln (Q) Asn; Glu Asn
Glu (E) Asp; Gln Asp
Gly (G) Ala Ala
His (H) Asn; Gln; Lys; Arg Arg
Ile (I) Leu; Val; Met; Ala; Leu
Phe; Norleucina
Leu (L) Norleucina; Ile; Val; Ile
Met; Ala; Phe
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Lys (K) Arg; Gln; Asn Arg
Met (M) Leu; Phe; Ile Leu
Phe (F) Trp; Leu; Val; Ile; Ala; Tyr Tyr
Pro (P) Ala Ala
Ser (S) Thr _ Thr
Thr (T) , Val; Ser Ser
| Trp(W) Tyr; Phe Tyr
Tyr(Y) Trp; Phe; Thr; Ser Phe
Val (V) lie; Leu; Met; Leu
Phe; Ala;
[0030] | "Residuos de aminoécidos de ocurrencia natural” (es decir,

residuos de aminoacidos codificados por el codigo genético) pueden
seleccionarse del grupo conformado por: alanina (Ala); arginina (Arg);
asparagina (Asn); dcido aspartico (Asp); cisteina (Cys); glutamina (Gln),
Aécido glutamico (Glu); glicina (Gly); histidina (His); isoleucina (Ile):
leucina (Leu); lisina (Lys); metionina (Met); fenilalanina (Phe); prolina
(Pro); serina (Ser); treonina (Thr); triptéfano (Tip); tirosina (Tyr); y
valina (Val). Un "residuo de aminoacidos de ocurrencia no natural" se
refiere a un residuo, distinto de los residuos de aminoacidos de
ocurrencia natural enumerados anteriormente, que es capaz de unir
covalentemente residuo(s) de aminoacidos adyacente(s) en una cadena
de polipéptido. Ejemplos de residuos de aminoécidos de ocurrencia no
natural incluyen, por ejemplo, norleucina, ornitina, norvalina,
homoserina y otros analogos de residuos de aminoécidos, tales como los
descritos en Ellman et al. Meth. Enzym. 202:301-336 (1991) &
publicaciones de solicitud de Patente de los Estados Unidos
20030108885 y 20030082575. En sintesis, estos procedimientos
im.plican activar un ARNt supresor con un residuo de aminoécidos de
ocurrencia no natural, seguido por trascripcién y traduccion in vitro o in

vivo del ARN. Véase, por ejemplo, las publicaciones de solicitud de
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Patentes de los Estados Unidos 20030108885 y 20030082575: Noren et &*

al. Science 244:182 (1989); y, Ellman et al., supra.

[0031] "Identidad porcentual (%) de secuencia de aminodcidos" se_

define como el porcentaje de residuos de aminodcidos en una secuencia
candidata, que son idénticos con los residuos de aminoacidos en una
secuencia seleccionada, luego de alinear las secuencias e introducir

hendiduras ("gaps"), si es necesario, para lograr la maxima identidad

porcentual de secuencia, y sin considerar sustituciones conservadoras de

ninguna clase, como parte de la identidad de secuencia. La alineacién
para efectos de determinar la identidad porcentual de secuencia de
aminoacidos puede lograrse en varias formas, que se encuentran al
alcance de la habilidad en el arte, por ejemplo, usando software de
computador publicamente disponible, tal como software BLAST,
BLAST-2, ALIGN, ALIGN-2 o Megalign (DNASTAR). Aquellas
personas expertas en el arte puéden determinar parametros apropiados
para medir la alineacién, incluidos todos los algoritmos necesarios para
lograr la alineacion méxima sobre la longitud total de las secuencias que
se estan comparando. Para los propdsitos contemplados en esta
solicitud, sin embargo los valores de identidad % de secuencia de
aminoacidos se obtienen usando el programa de computador de
comparacion de secuencia ALIGN-2. EI programa de computador de
comparacion de secuencia ALIGN-2 fue creado por Genentech, Inc., y el
codigo fuente se ha depositado con documentacion de usuario ante la
- Oficina de Derechos de Autor, Washington, D.C, 20559, en donde esta
registrado bajo el Registro de Derechos de Autor de los Estados Unidos
No. TXU510087 y se encuentra a disposicion publica a través de
Genentech, Inc., South San Francisco, California. El programa ALIGN-
2 debe compilarse para uso en un sistema operativo UNIX,
preferiblemente UNIX V4.0D digital. Todos los parametros de

comparacion de secuencias se fijan por el programa ALIGN-2 y no

varian.
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[0032] Para los propdsitos contemplados en esta solicitud, el % de
identidad de secuencia de aminoacidos de una secuencia A de
aminoacidos dada con respecto a, con, o frente a una secuencia B de
aminoacidos dada (lo cual puede alternativamente expresarse como una
secuencia A de aminoacidos dada que tiene o comprende un cierto % de
identidad de secuencia de aminoacidos con respecto a, con, o frente una
secuencia B de aminoacidos dada) se calcula en la siguiente forma:
100 veces la fracciéon X/Y

donde X es el numero de residuos de aminoécidos calificados como
coincidencias idénticas por el programa de alineacion de secuencias
ALIGN-2 en la alineacion de ese programa de A y B, y donde Y es el
numero total de residuos de aminoacidos en B. Se observara que donde
la longitud de la secuencia A de aminoacidos no es igual a la longitud de
la secuencia B de aminoacidos, el % de identidad de secuencia de
aminodcidos de A a B no equivaldra al % de identidad de secuencia de
aminoacidos de B a A.

[0033] El término "receptor de VEGF" o "VEGFR", tal como se
emplea en esta solicitud, se refiere a un receptor celular para VEGF,

ordinariamente un receptor de superficie celular hallado en células

endoteliales vasculares, asi como sus variantes, que conservan la -

capacidad de unirse a VEGF.

[0034] El término "agonista de VEGFR" se refiere a una molécula
que puede éctivar un receptor de VEGF o aumentar su expresién. Los
agonistas de VEGFR incluyen, pero no se limitan a, por ejemplo,
agonistas de ligando de un VEGFR, variantes de VEGF, anticuerpos y
fragmentos activos. VEGF es un agonista de VEGFR, pero en esta
solicitud se enumera y menciona en forma separada. El término
"anticuerpo anti-VEGFR" es un anticuerpo que se une a VEGFR con
suficiente afinidad y especificidad. En una incorporacion, el anticuerpo

agonista anti-VEGFR de la invencién puede utilizarse como un agente
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terapéutico en tratar heridas. En otra incorporacién, puede emplearse

una variante de VEGF como un agente terapéutico en tratar heridas.

[0035] El término "anticuerpo” se emplea en el sentido mas amplio
y comprende anticuerpos monoclonales (incluidos anticuerpos
monoclonales intactos o de longitud total), anticuerpos policlonales,
anticuerpos multivalentes, anticuerpos multiespecificos (por ejemplo,
anticuerpos biespecificos), y fragmentos de anticuerpo, siempre que

exhiban la actividad biol6gica deseada.

[0036] =~ A menos que se indique lo contrario, la expresion
o _ : " :

anticuerpo multivalente" se usa para denotar un anticuerpo que
comprende tres 0 mds sitios de union.a antigeno. Tipicamente, el
anticuerpo multivalente se modifica mediante técnicas de ingenieria
genética para tener los tres o mds sitios de unién a antigeno y, por lo

general, no es un anticuerpo IgA o IgM de secuencia natural.

[0037] "Fragmentos de anticuerpo” comprenden tan sélo una
porcién de un anticuerpo intacto, inéluyendo generalmente un sitio de
union a antigeno del anticuerpo intacto y reteniendo, en consecuencia, la
capacidad de unir el antigeno. Ejemplos de fragmentos de anticuerpo
abarcados por la presente definicion incluyen: (i) el fragmento Fab, que
tiene los dominios VL, CL, VH y CHI; (ii) el fragmento Fab', que es un
fragmento Fab que tiene uno o mas residuos cisteina en el término C del

dominio CH1; (iii) el fragmento Fd que tiene los dominios VH y CHI,

(iv) el fragmento Fd' que tiene los dominios VH y CH1 y uno o mas

residuos cisteina en el término C del dominio CHI; (v) el fragmento Fv
que tiene los dominios VL y VH de un solo brazo de un anticuerpo; (vi)
dAb (Ward et al., Nature 341, 544-546 (1989)), que consta de un
dofninio VH; (vii) regiones CDR aisladas; (viii) los fragmentos F (ab')2,

un fragmento bivalente que incluye dos fragmentos Fab' conectados por

un puente disulfuro en la region de unién flexible; (ix) moléculas de
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anticuerpo de cadena tinica (por ejemplo Fv de cadena Unica; scFv) (Bird
et al., Science 242:423-426 (1988); y Huston et al., PNAS (USA)
85:5879-5883 (1988)); (x) "diacuerpos" con dos sitios de unién a
antigeno, que comprenden un dominio variable de cadena pesada (VH)
conectado a un dominio variable de cadena liviana (VL) en la misma
cadena de polipéptido (véase, por ejemplo, EP 404,097, WO 93/11161; y
Hollinger et al., Proc. Natl. Acad. Sci. US4, 90:6444-6448 (1993)); (xi)
"anticuerpos lineales" que comprenden un par de fragmentos Fd en
tandem (VH-CHI-VH-CHI) los cuales, junto con los polipéptidos
complementarios de cadena liviana, forman un par de regiones de unién
a antigeno (Zapata et al. Protein Eng. 8(10):1057 1062 (1995); y Patente
de los Estados Unidos No. 5,641,870).

[0038] ~ El término "anticuerpo monoclonal”, como se emplea en
esta solicitud, se refiere a un anticuerpo obtenido de una poblacion de
anticuerpos sustancialmente homogéneos, es decir, los anticuerpos
individuales que componen la poblacién son idénticos, excepto por
‘posibles mutaciones de ocurrencia natural, que puedan estar presentes en
cantidades menores. Los anticuerpos monoclonales son altamente
especificos, dirigiéndose contra un solo antigeno. Mas aun, en confraste
con preparaciones convencionales de anticuerpo policlonal, que incluyen
diferentes anticuerpos ' dirigidos contra diferentes determinantes
(epitopos), cada anticuerpo monoclonal se dirige contra un solo
determinante en el antigeno. El calificativo "monoclonal" no tiene que
interpretarse como que requiere la produccion del anticuerpo por algin
método particular.  Por ejemplo, los anticuerpos monoclonales a
utilizarse de acuerdo con la presente invencién pueden elaborarse por el
método del hibridoma, descrito por primera vez por Kohler et al. (1975),
Nature, 256:495, o pueden elaborarse por. métodos de ADN
recombinante (véase, por ejemplo, la Patente de los Estados Unidos
4,816,567). Los "anticuerpos monoclonales" pueden aislarse también de

bibliotecas de anticuerpos de exposicién -en bacteriofagos usando las
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técnicas descritas en Clackson et al., Nature, 352:624-628 (1991);
Marks et al., J. Mol. Biol., 222:581-597 (1991), por ejemplo.

[00\39] Los anticuerpos monoclonales en esta solicitud incluyen
especificamente anticuerpos "quiméricos", en los cuales una porcion de
la cadena pesada y/o liviana es idéntica con, u homologa a, secuencias
correspondientes en anticuerpos derivados de una especie particular, o
perténecientes a una clase o subclase de anticuerpos, mientras que el
resto de la cadena(s) es idéntico con, u homodlogo a, secuencias
correspondientes en anticuerpos derivados de otra especie, o
pertenecientes a otra clase o subclase de anticuerpos, asi como
fragmentos de tales anticuerpos, siempre que exhiban la actividad
biologica deseada (Patente de los Estados Unidos 4,816,567; y Morrison
etal., Proc. Natl. Acad. Sci. USA, 81:6851-6855 (1984)).

[0040] Formas "humanizadas" de anticuerpos no humanos (por
ejemplo, murinos) son anticuerpos quiméricos, que contienen una
secuencia minima derivada de inmunoglobulina no humana. En su
mayor parte, los anticuerpos humanizados son inmunoglobulinas
humanas (anticuerpo destinatario), en las cuales residuos de una regién
hipervariable del destinatario se reemplazan por residuos de una region
hipervariable de una especie no humana (anticuerpo donante), tal como
ratén, rata, conejo o primate no humano, que tiene la especificidad,
afinidad y capacidad deseadas. En algunos casos, residuos de la region
base (FR) de la inmunoglobulina humana se reemplazan por residuos no
humanos correspondientes. Ma4s atn, los anticuerpos humanizados
pueden comprender residuos, que no se encuentran en el anticuerpo
destinatario o en el anticuerpo donante. Estas modificaciones se hacen
para afinar atin més el desempefio del anticuerpo. En general, el
anticuerpo humanizado comprendera sustancialmente la totalidad de por
lo menos uno y, tipicamente dos, dominios variables, en los cuales la

totalidad o sustancialmente todos los bucles hipervariables corresponden
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a los de una inmunoglobulina no humana, y todas o sustancialmente
todas las FRs son las de una secuencia de inmunoglobulina humana. De
manera opcional, el anticuerpo humanizado comprendera también por lo
menos una porcion de una region constante de inmunoglobulina (Fc),
tipicamente la de una inmunoglobulina humana. Para mayores detalles,
véase Jones et al., Nature, 321:522-525 (1986); Riechmann et al.,
Nature, 332:323-329 (1988); y Presta, Curr. Op. Struct. Biol., 2:593-596
(1992).

[0041] Un "anticuerpo humano" es uno que posee una secuencia de
aminoacidos que corresponde a la de un anticuerpo producido por un
humano y/o se ha elaborado usando cualquiera de las técnicas para
fabricar anticuerpos humanos, como se divulga en esta solicitud. Esta
definicién de un anticuerpo humano excluye especificamente un
anticuerpo humanizado, que comprende residuos no humanos de unién a
antigeno.  Anticuerpos humanos pueden producirse usando varias
técnicas conocidas en el arte. En una inéorporacién, el anticuerpo
humano se selecciona de una biblioteca de bacteridfagos, donde la
biblioteca de bacteriéfagos expresa anticuerpos humanos (Vaughan et al.
Nature Biotechnology, 14:309-314 (1996): Sheets et al. PNAS, (USA)
95:6157-6162 (1998)); Hoogenboom and Winter, J. Mol. Biol., 227:381

(1991); Marks et al., J. Mol. Biol., 222:581 (1991)). Los anticuerpos

humanos pueden elaborarse también introduciendo loci de
inmunoglobulina humana en animales transgénicos, por ejemplo,

ratones, en los cuales los genes de inmunoglobulina enddgena se han

inactivado parcial o completamente. Luego de la prueba de provocacién,

se aprecia la produccion de anticuerpos humanos, que se parece mucho a
la observada en humanos en todos los aspectos, incluidos rearreglo de
genes, ensamble y repertorio de anticuerpos. Este enfoque se describe,
por ejemplo, en las Patentes de los Estados Unidos Nos. 5,545,807:
5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661,016, y en las
siguientes publicaciones cientificas: Marks et al., Bio/T: echnology, 10:

779-783 (1992); Lonberg et al., Nature, 368: 856-859 (1994); Morrison,
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Nature, 368:812-13 (1994); Fishwild et al., Nature Biotechnology, 14:
845-51 (1996); Neuberger, Nature Biotechnology, 14: 826 (1996);
Lonberg and Huszar, Intern. Rev. Immunol, 13:65-93 (1995).
Alternativamente, el anticuerpo humano puede prepararse mediante
inmortalizacion de linfocitos B humanos, que producen un anticuerpo
dirigido contra un antigeno diana (tales linfocitos B pueden recuperarse
de un individuo o pueden haberse inmunizado in vitro). Véase por
ejemplo, Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan
R. Liss, p. 77 (1985); Boerner et al., J. Immunol., 147 (1):86-95 (1991);
y Patente de los Estados Unidos No. 5,750,373.

[0042] La diabetes es un trastorno crénico que afecta el
metabolismo de proteinas, grasa y carbohidratos en animales. La
diabetes es la causa principal de ceguera, deficiencia renal, y
amputaciones de las extremidades inferiores en adultos y un mayor

factor de riesgo para enfermedad cardiovascular e infarto.

[0043] La diabetes mellitus tipo I (o diabetes mellitus insulino-
dependiente ("IDDM") o diabetes de -aparicién en jovenes) comprende
aproximadamente 10% de todos los casos de diabetes. La enfermedad
se caracteriza por la pérdida progresiva de la funcién secretora de
insulina por las células B del pancreas. Esta caracteristica se comparte
ademas por la diabetes no idiopética, o "secundaria", que tiene sus
origeﬁes en la enfermedad pancreatica. La diabetes mellitus tipo I se
asocia con los siguientes signos o sintomas clinicos, por ejemplo,
concentracion persistentemente elevada de glucosa en el plasma o
hiperglucemia; poliuria; polidipsia y/o hiperfagia; complicaciones
microvasculares cronicas tales como retinopatia, nefropatia y neuropatia;
y complicaciones macrovasculares tales como hiperlipidemia e
“hipertension, que pueden llevar a ceguera, insuficiencia renal terminal,

‘amputacion de extremidades e infarto del miocardio.
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[0044] La diabetes mellitus tipo II (diabetes mellitus no insulino-
dependiente o NIDDM) es un trastorno metabdlico que implica la
regulacion alterada del metabolismo de glucosa y una sensibilidad
deficiente a la insulina. La diabetes mellitus tipo se desarrolla
habitualmente en la adultez y se asocia con la incapacidad del cuerpo de
utilizar o elaborar suficiente insulina. Aparte de la resistencia a la
insulina observada en los tejidos diana, los pacientes que sufren de
diabetes mellitus tipo II tienen una insuficiencia de insulina relativa, es
decir, los pacientes tienen niveles de insulina mas bajos que los
predichos para una concentracion dada de glucosa en el plasma. La
diabetes mellitus tipo II se caracteriza por los siguientes signos o
sintomas clinicos, por ejemplo, concentracion persistentemente elevada
de glucosa en el plasma o hiperglucemia; poliuria; polidipsia y/o
hiperfagia; complicaciones microvasculares cronicas tales como
retinopatia, nefropatia y neuropatia; y complicaciones macrovasculares
tales como hiperlipidemia e hipertension, que pueden llevar a ceguera,

insuficiencia renal terminal, amputacion de extremidades e infarto del

miocardio.
[0045] "Sujeto" para los propdsitos de la invencion se refiere a
cualquier animal. Generalmente, el animal es un mamifero.

"Mamifero", para los propositos de la invencion se refiere a cualquier
animal clasificado como un mamifero, incluidos humanos, animales
domeésticos y de granja, animales de zooldgico, deportivos, o mascotas,
tales como perros, caballos, gatos, vacas, ovejas, cerdos, etc.

Tipicamente, el mamifero es un humano.

[0046] El término "acelerar la cicatrizacion de una herida" o
"aceleracion de la cicatrizacién de una herida" se refiere a un aumento
en la tasa de cicatrizacion, por ejemplo, una reduccion en el tiempo
hasta que ocurra el cierre completo de la herida, o una reduccion en el

tiempo hasta que ocurra una reduccion % en el area de la herida.
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[0047] El término "cantidad efectiva" o "cantidad terapéuticamente
efectiva" se refiere a una cantidad de un medicamento, efectiva para
acelerar o mejorar la cicatrizacion de una herida en un sujeto, o evitar la
recurrencia de una ulcera en un sujeto. Una dosis terapéutica es una
dosis que exhibe un efecto terapéutico en el sujeto, y una dosis sub-
terap€utica es una dosis que no exhibe un efecto terapéutico en el sujeto

tratado.

[0048] Administracién "en combinacién con" uno o mas agentes
terapéuticos  adicionales incluye la administracién simultanea

(concurrente) y/o consecutiva en cualquier orden.

[0049] "Tratamiento" se refiere tanto al tratamiento terapéutico
como profilactico o medidas preventivas. Personas necesitadas de
tratamiento incluyen aquellas ya con el trastorno, asi como aquellas en

las cuales el trastorno tiene que prevenirse.

[0050] "Cicatrizacion de una herida" se refiere a una condicién que

se beneficiaria del tratamiento con una molécula de la invencién.

[0051] Una "herido crénica" se refiere a una herida que no

cicatriza. Véase, por ejemplo, Lazarus et al., Definitions and guidelines

for assessment of wounds and evaluation of healing, Arch. Dermatol.

130:489-93 (1994). Las heridas crénicas incluyen, pero no se limitan a,
por ejemplo, ulceras arteriales, ulceras diabéticas, Glceras por presion,
tlceras venosas, etc. Una herida aguda puede evolucionaren una herida
cronica. Las heridas agudas incluyen, pero no se limitan a, heridas
causadas, por ejemplo, por lesion térmica, trauma, cirugia, extirpacion
de cancer cutdneo extensivo, infecciones fingicas y bacterianas
profundas, vasculitis, escleroderma, pénfigo, necrdlisis epidérmica

toxica, etc. Véase, por ejemplo, Buford, Wound Healing and Pressure
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Sores, HealingWell.com, publicada el: 24 de octubre de 2001. Una
"herida normal" se refiere a una herida que experimenta reparacion

normal de la cicatrizacion de una herida.

[0052] "Buen Manejo y Cuidado de la Herida (GWC)" se refiere a
los pasos de cuidar una herida. Por ejemplo, buenas practicas de
cuidado de heridas incluyen, pero no se limitan a, uno o mas de los
siguientes: desbridamiento (por ejemplo, quirdrgico/extirpacion,
mecanico, autolitico o quimico/enzimatico), limpieza (por ejemplo,
lavado rutinario de heridas con, por ejemplo, solucién salina), apdsitos,
alivio de la presion (por ejemplo, descargar la presion al pie),
mantenimiento de un ambiente humedo de la herida, y/o control de la
infeccion (por ejemplo, ungiiento antibidtico o pildoras). Otros pasos
incluyen opcionalmente suministrar al sujeto un calzado comodo y
acolchado, apoyo nutricional, mantener el control de la glucosa
sanguinea, manejo de otros factores de riesgo (por ejemplo, peso,

tabaquismo), etc. El GWC puede incluir una o mas de las practicas.

[0053] La expresion "trauma que afecta el endotelio vascular" se
refiere a un trauma, tal como lesiones, a los vasos sanguineos o al
corazdn, incluida al red vascular de 6rganos, al cual se somete un animal
o humano, preferiblemente un mamifero y, muy preferiblemente un
humano. Ejemplos de tal trauma incluyen heridas, incisiones, y ulceras,
o laceraciones de los vasos sanguineos o el corazon. El trauma incluye
dolencias causadas por episodios internos, asi como aquellos que son
impuestos por un agente extrinseco, que pueden aliviarse mediante

promocion del crecimiento celular endotelial vascular.

[0054] Un "factor o agente angiogénico" es un factor de
crecimiento que estimula el desarrollo de los vasos sanguineos, por
ejemplo, promueve la angiogénesis, el crecimiento celular endotelial, la

estabilidad de los vasos sanguineos, y/o la vasculogénesis, etc. Por
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ejemplo, factores angiogénicos, incluyen, pero no se limitan a, por
ejemplo, VEGF y miembros de la familia VEGF, PIGF, la familia
PDGF, la familia de factor de crecimiento de fibroblastos (FGFs),
ligandos TIE (angiopoyetinas), efrinas, ANGPTL3, ANGPTL4, etc.
Incluye asimismo factores, tales como somatotropina, factor [ de
crecimiento insulinoide (IGF-I), VIGF, factor de crecimiento epidérmico
(EGF), CTGI; y miembros de su familia, y TGF-o. y TGF-B. Vease, por
gjemplo, Klagsbrun and D'Amore, Annu. Rev. Physiol, 53:217-39
(1991); Streit and Detmar, Oncogene, 22:3172-3179 (2003); Ferrara &
Alitalo, Nature Medicine 5(12): 1359-1364 (1999); Tonini et al.,
Oncogene, 22:6549-6556 (2003) (por ejemplo, Tabla 1 que enumera los
factores angiogénicos); y, Sato Int. J. Clin. Oncol, 8:200-206 (2003).

[0055] Cicatrizacion de una herida

[0056] La cicatrizacion de una herida es un proceso complejo que

implica tres fases principales: inflamacion, tejido de granulacién, y

remodelamiento del tejido. En el sitio de la herida ocurren muchos
procesos, por ejemplo, migracion/contraccion, produccion de
metaloproteasas de matriz (MMP), proliferacion, y angiogénesis. Existe
contraccion (reduccion de la herida), epitelizacion (creacion de nuevas
células epiteliales) y deposicion de tejido conectivo, con el fin de
cicatrizar la herida. Véase Singer & Clark, Cutaneous Wound Healing

N. Engl. J. Med., 341:738-46 (1999). Una de las metas de la terapia de

curacion de heridas es promover la matriz de granulacién, donde se
necesita un suministro sanguineo adecuado. Sin embargo, factores de
riesgo, asociados a menudo con estados patoldgicos, (por ejemplo,
incluyen, pero no se limitan a, edad, infeccién, nutricién deficiente,
inmunosupresion, medicaciones, radiacién, diabetes, vasculopatia
periférica, enfermedad sistémica, fumar, estrés, etc.) crean desafios para

la cicatrizacion de una herida.

[0057] Ejemplos de algunos de los factores de riesgo para tlceras
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de pie diabético incluyen neuropatia periférica, que afecta las funciones
motoras y sensoriales del pie, movilidad limitada de las articulaciones,
deformidades del pie, distribucién anormal de la presion sobre el pie,
trauma menor repetitivo, y agudez visual deﬁciente. Véase, por ejemplo,

Boyko et al., A prospective study of risk factors for diabetic foot ulcer.

The Seattle Diabetic Foot Study, Diabetes Care, 22:1036-42 (1999); y

Apelqvist et al., International consensus and practical guidelines on the

management and the prevention of the diabetic foot. International

Working Group on the Diabetic Foot., Diabetes Metab Res. Rev 16(1

Suppl): S84-592 (2000). La neuropatia sensorial periférica es un factor
primafio. Aproximadamente 45%-60% de todas las ulceraciones
diabéticas son neuropéticas, mientras que hasta el 45% tienen
componentes neuropaticos e isquémicos. Con un pie insensible, el
paciente es incapaz de percibir la lesion repetitiva al pie, causada, por
ejemplo, por calzado desajustado durante la ambulacién y actividades de
la vida diaria. La neuropatia, combinada con biomecénica alterada al
caminar, lleva a trama contundente repetitivo, y a la distribucion de
cargas de esfuerzo anormalmente altas a porciones vulnerables del pie,
resultando en la formacion de callosidades y erosion cutanea. Una vez
formada una ulcera, a menudo es lenta en curar, puede continuar
ensanchandose, ofrece una oportunidad para una infeccidon local o
sistémica, y requiere cuidado médico y quirargico integral para

promover la cicatrizacion.

[0058] Existen igualmente retos a la reaccidén de terapias de
proteina para acelerar la cicatrizacién de una herida, por ejemplo,
acelerar la cicatrizacion de ulceras cronicas, por ejemplo, de pie
diabético, y heridas. El area de la herida es un ambiente hostil (enzimas
proteoliticas, inhibidores producidos naturalmente de actividad de
proteinas junto con infeccion superimpuesta), donde a menudo los
estados patologicos (por ejemplo, en diabetes) los factores del anfitrién

se alteran (por ejemplo, en diabetes hay expresion suprimida del VEGF,
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respuesta deficiente del VEGF a la hipoxia, metabolismo celular
alterado, respuesta inmunitaria/inﬂamatoria suprimida,' etc.).  Por
ejemplo, basandose en estudios in vitro, queratinocitos y fibroblastos de
ratones diabéticos (db/db) exhiben un desmejoramiento selectivo de
procesos celulares, esenciales para la reparacion normal de tejido, y
fibroblastos db/db muestran una migracion celular significativamente
disminuida y alteraciones del factor de crecimiento. Véase, por ejemplo,

Frank et al., Regulation of vascular endothelial growth factor expression

in cultured keratinocytes. Implications for normal and impaired wound

healing, J. Biol. Chem., 270:12607-13 (1995); y, Lerman et al, Cellular

dysfunction in the diabetic fibroblast: impairment in migration, vascular

endothelial growth factor production, and response to hypoxia, Am. J.

Pathol, 162:303-12 (2003).

[0059] En esta solicitud se proveen métodos para acelerar y/o
mejorar la cicatrizacion de heridas, administrando una cantidad efectiva
de VEGF o un agonista de VEGF. Por ejemplo, un método comprende
administrar una cantidad efectiva de VEGF . a una herida de un sujeto,
donde la administracion de la cantidad efectiva de VEGF acelera la
cicatrizacion de una herida. Los métodos incluyen igualmente un
~ método de mejorar la cicatrizacion de una herida en una poblacion de

sujetos. Por ejemplo, un método comprende administrar una cantidad

efectiva de VEGF a una herida de un sujeto de la poblacion, en donde la |

administracion de la cantidad efectiva de VEGF resulta en una mejora

de mas de 10% (o més de 12%, 0 14%, 0 15%, 0 17%, 0 20%, o 25%,

o 30%, o 33%, o 35%, o 40%, o 45%, o 50% o mas) en la

cicatrizacién de una herida en la poblacién, comparada con un control.
Se proveen asimismo métodos para reducir la recurrencia de tlceras.
Por ejemplo, un método comprendé administrar una cantidad efectiva de
VEGF a unaﬁlcera, en donde la incidencia de recurrencia de Glcera se

reduce con la administracion de VEGF, comparada con un control.

26

Ve
Lo



WO 2006/138468 PCT/US206/023318

[0060] Los métodos son igualmente aplicables a sujetos que se
estan sometiendo o se han sometido a un tratamiento, donde el
tratamiento retrasa o permite una cicatrizacion ineficaz de una herida.
Los tratamientos pueden incluir, pero no se limitan a, medicinas,
radiacion, tratamientos que resultan en sistemas inmunitarios
suprimidos, etc. Opcionalmente, un sujeto de la invencion tiene una
enfermedad secundaria, en donde la enfermedad secundaria retrasa o
permite una cicatrizacion ineficaz de una herida. Enfermedades
secundarias incluyen, pero no se limitan a, por ejemplo, diabetes,
vasculopatia periférica, infeccion, trastornos autoinmunitarios vasculares
de colageno, estados patoldgicos que resultan en sistemas inmunitarios

suprimidos, etc.

[0061] La aceleracion de la cicatrizacion de una herida puede
describirse por el % de aceleracion de la cicatrizacién de una herida y/o
una relacion/proporcion de riesgo. - En ciertas incorporaciones, la
administracion de la cantidad efectiva de VEGF acelera la cicatrizacién
de una herida en mas de 50%, o igual o mayor a 60%, igual o mayor a
70%, igual o mayor a 74%, igual o mayor a 75%, igual o mayor a 80%,
igual o mayor a 85%, igual o mayor a 90%, igual o mayor a 95%, igual
o mayor a 100%, igual o mayor a 110% o mas, cuando se compara con
un control. En ciertas incorporaciones, la administracién de la cantidad
efectiva de VEGF acelera la cicatrizacion de una herida entre mas de
60% y 110%, cuando se compara con un control. En ciertas
incorporaciones, la aceleracién de la cicatrizacién de una herida se
describe por una relacién/proporcion de riesgo, que es igual o mayor a
1.75, o es igual o mayor a 1.80, o es igual o mayor a 1.85, o es igual o
mayof a 1.95, o es igual o mayor a 2.0, o es igual o mayor a 2.1, o es
igual o mayor a 2.2, o es igual o mayor a 2.3 o mas. En ciertas
incorporaciones, la aceleracion de la cicatrizacién de una herida se

describe por una relacion/proporcion de riesgo, que esta entre 1.75 y 2.3.
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[0062] Sujetos de la invencidn tienen por lo menos una herida. La
herida puede ser una herida crénica, aguda o normal. En una
incorporacion, la herida que se est4 tratando es una herida estado 1A.
Véanse los Estados de Heridas en la Tabla 2. Una herida de la
invencién’puede incluir opcionalmente una infeccién o isquemia, o
incluir tanto una infeccion como isquemia. En una incorporacion, la
herida es una tlcera de pie diabético. En una incorporacion, la herida
estd presente en el sujeto durante alrededor de 4 semanas o mas, o

alrededor de 6 semanas o mas, antes de administrar el VEGF.

Tabla 2
Grado/Profundidad de la Herida
Estado/Comorbilidades | 0 1 2 3
A Lesiéon pre- o | Ulcera Ulcera que | Ulcera que
pos- superficial | penetra al | penetra
ulcerativa que no | tendon o la | al hueso o la
completamente | afecta el | capsula articulacién
epitelializada | tendén, la
capsula, o
el hueso
B Con infecciéon | Con Con Con
infeccion infeccion | infeccion
C Con isquemia | Con Con Con
isquemia isquemia | isquemia
D Con infeccion | Con Con Con
€ isquemia infeccion e | infeccion e | infeccion e
isquemia isquemia | isquemia
[0063] Puede emplearse un anélisis cuantitativo para evaluar la

cicatrizacion de una herida, por ejemplo, determinando el % de
reduccion en el 4rea de la herida, o cierre completo de la herida (por
ejemplo, medida por cierre de la piel sin requerimientos de drenaje o
apositos). El drea de la herida se evaltia antes, durante y después del

tratamiento, por métodos conocidos por los expertos en el arte. Por
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ejemplo, la valoracion puede determinarse mediante, por ejemplo,
planimetria cuantitativa (véase, por ejemplo, Robson et al., Arch. Surg
135:773-77 (2000)), fotografias, exdmenes fisicos, etc. El 4rea de la
herida puede determinarse antes, durante y después del tratamiento. En
una incorporacion, el area de la herida puede calcularse midiendo la
longitud, L, de la herida, la longitud maxima de un extremo al otro en,
por ejemplo, cm, y el ancho, W, el ancho maximo de un extremo a otro,
perpendicular a L en, por ejemplo, cm, y multiplicando LxW para
obtener el area superficial estimada (cm?). El tamafio de la herida para
tratémiehto puede variar. En una inco\rporaci()n de la invencidn, el area
“de la he_rida antes del tratamiento es alrededor de 0.4 c¢cm? o mas, o
alrededor de 1.0 cm® 0 mds, o entre alrededor de 0.4 cm’ y alrededor de
10 cm’, o entre alrededor de 1 cm? y alrededor de 10 cm?’, o entre
alrededor de 1 cm” y alrededor de 6.5 cm’, o entre alrededor de 1 cm? y
alrededor de 5 cm’, 0 mas de 4.0 cm®. El 4rea puede medirse antes o

después del desbridamiento.

[0064] VEGF

[0065] Una cantidad efectiva de VEGF se administra en los
métodos contemplados en esta solicitud para acelerar o promover la
cicatrizacion de una herida. La familia del gen VEGF, de la cual VEGF
es un miembro, es uno de los reguladores claves del desarrollo del
sistema vascular. La familia del gen VEGF incluye VEGF-A, VEGF-B,
VEGF-C, VEGF-D, VEGF-E vy factor de crecimiento placentario

(P1GF). Véase, por ejemplo, Ferrara, Role of vascular endothelial

growth factor in physiologic and pathologic angiogenesis: therapeutic

implications, Sem Oncol, 29(suppl 16): 10-14 (2002); y, Veikkola and
Alitalo, VEGFs receptors and angiogenesis Semin Cancer Biol. 9:211-
220 (1999). VEGF-A, también conocido como VEGF, es un regulador

principal de angiogénesis normal, incluida la cicatrizacién normal de una
herida y curacion del hueso, y angiogénesis anormal, tal como

proliferacion vascular en tumores y trastornos oftalmologicos (por
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ejemplo, degeneracion relacionada con la edad, retinopatia diabética).

Véase, por ejemplo, Ferrara, Vascular Endothelial Growth Factor: Basic

Science and Clinical Progress, Endocrine Reviews 25(4): 581-611

(2004); Ferrara and Henzel, Pituitary follicular cells secrete a novel
heparin-binding growth factor specific for vascular endothelial cells,

Biochem, Biophys Res Comm 161:851-58 (1989); y Leung et al.,

Vascular_endothelial growth factor is a secreted angiogenic mitogen,

Science 246:1306-9 (1989). Se encuentra dentro del ambito de la

invencion utilizar igualmente variantes de VEGF que tienen actividad
VEGF y un agonista de los receptores de VEGF, por ejemplo, los
agonistas VEGFR1 y/o VEGFR2, en lugar de VEGF o adicional a él.

[0066] El VEGF humano existe como por lo menos seis isoformas
(VEGF121, VEGF 45, VEGF g5, VEGF 55, VEGF 39, y VEGF,) que
surgen del empalme alternativo de ARNm de un solo gen organizado en
8 exones, localizados en el cromosoma 6 (véase, por ejemplo, Ferrara N,
Davis Smyth T. Endocr Rev 18:1-22 (1997); y Henry and Abraham,

Review of Preclinical and Clinical Results with Vascular Endothelial

Growth Factors for Therapeutic Angiogenesis, Current Interventional

Cardiology Reports, 2:228-241 (2000)). Véase también las Patentes de
los Estados Unidos No. 5,332,671 y 6,899,882. En una incorporacion,
VEGF 45 se administra en los métodos de la invencién. Tipicamente, se
utiliza el VEGF;ss humano (por ejemplo, el VEGF;;s humano
recombinante).  VEGF s, la isoforma mds abundante, es una
glucoproteina dimérica covalente, bésica, de unién a heparina, con una
masa molecular de ~45,000 daltons (Id). El homodimero VEGF s
consta de dos cadenas de 165 aminoacidos. La proteina tiene dos
dominios distintos: un dominio de unién a receptor (residuos 1-110) y un
dominio de unién a heparina (residuos 110-165). Los dominios se
estabilizan por siete enlaces disulfuro intramoleculares, y los
monomeros se conectan por dos enlaces disulfuro intercadena para
formar el homodimero natural. El VEGF121 carece del dominio de

union a heparina (véase, por ejemplo, la Patente de los Estados Unidos
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No. 5,194,596), mientras que el VEGFgy (véase, por ejemplé, Las
Patentes de los Estados Unidos No. 5,008,196; 5,036,003; y 5,240,848)
y el VEGF206 se secuestran en la matriz extracelular. Véase, por
ejemplo, Ferrara VEGF and the quest for tumor angiogenesis factors,

Nature Rev. Cancer 2:795-803 (2002).

[0067] Los efectos bioldgicos del VEGF estan mediados a través
de receptores tirosina cinasa de alta afinidad. Los agonistas de los
- receptores de VEGF pueden emplearse asimismo en los métodos de la
invencion. | Las tirosina cinasas de receptor VEGF, VEGFR1 vy
VEGFR2, han sido identificadas (Shibuya et al. Oncogene 5:519-24
(1990); Matthews et al., Proc Natl Acad Sci USA 88:9026-30 (1991);
Terman et al., Oncogene 6:1677-83 (1991); Terman et al. Biochem
Biophys Res Commun 187:1579-86 (1992); de Vries et al., Science
255:989-91 (1992); Millauer et al. Cell 72:835-46 (1993); y Quinn et al.
Proc Natl Acad Sci USA 90:7533-7 (1993)). El VEGFRI tiene la
méxima afinidad para VEGF, con un Kd de ~10-20 pM (de Vries et al.,
Science 255:989-91 (1992)), y el VEGFR2 tiene una afinidad algo
menor para el VEGF, con un Kd de ~75-125 pM (Terman et al.,
Oncogene 6:1677-83 (1991); Millauer et al. Cell 72:835-46 (1993); y
Quinn et al. Proc Natl Acad Sci USA 90:7533-7 (1993)). Se ha
identificado un tercer receptor tirosina cinasa, el VEGFR3, el cual se
encuentra implicado en la regulacién de angiogénesis linfatica. El
VEGFR3 es un receptor para VEGF-C y VEGF-D, los cuales pueden
unir también VEGFR2. Estos receptores constan de un dominio
extracelular (incluidas siete regiones tipo inmunoglobulina, una region
transmembrana) y un dominio intracelular que contiene elementos
relacionados con las vias tirosina cinasa. El VEGF-B y el P1GF se unen
al VEGFRI1 pero no al VEGFR2. De igual modo el VEGF 165 S€ une al
receptor neuropilina-1 que. regula la orientacion de las células
neuronales. Cuando se co-expresa con VEGFR2, la neuropilina-1

mejora la unién de VEGF¢s a VEGFR2 y la quimiotaxis mediada por
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VEGF. Otros estudios han asociado la neuropilina 2 (NP2) al desarrollo
de los vasos linfaticos. Véase, por ejemplo, Ferrara, Vascular
Endothelial Factor: Basic Science and Clinical Progress. Endocrine

Reviews, 254(4):581-611. Luego de unirse a VEGF-A, el VEGFR2

experimenta autofosforilacién de tirosina que lleva a angiogénesis
subsiguiente, permeabilidad vascular incrementada, mitogénesis y

quimiotaxis.

[0068] El VEGF tiene varias funciones bioldgicas, incluidas la
regulacion de la expresion del gen VEGF bajo condiciones hipdxicas
(Ferrara N, Davis Smyth T. Endocr Rev 18:1-22 (1997)), actividad
mitdgena para células endoteliales micro- y macrovasculares (Ferrara N,
Henzel WI. Biochem Biophys Res Commun 161:851-8 (1989); Leung et
al, Science 246:1306-9 (1989); Connolly et al. J Clin Invest 84:1470-8
(1989a); Keck et al. Science 246:1309-12 (1989); Plouet et al., EMBO J
8:3801-6 (1989); Conn et al. Proc Natl Acad Sci USA 87:2628-32
(1990); y Pepper et al., Exp Cell Res 210:298-305 (1994)), y la
induccion de la expresion de activadores de plasmindgeno y colagenasa
(Pepper et al., Biochem Biophys Res Commun 181:902-6 (1991)).
Durante la hipoxia, el factor-1 inductor de hipoxia (HIP-1) se regula por
aumento y se une a la region promotora del gen VEGF vy activa la

transcripcion (véase, por ejemplo, Wang et al., Hypoxia-inducible factor

1 is a basic-helix-loop-helix-PAS heterodimer regulated by cellular
oxygen tension, PNAS USA 92:5510 (1995)). Otros agonistas que
pueden regular por aumento el VEGF incluyen citocinas (IL-6) y otros

factores de crecimiento, incluidos EGF, PDGF, bFGF.

[0069] El VEGF es producido por una amplia variedad de tipos de
células normales (por ejemplo, queratinocitos, plaquetas, macrofagos,
fibroblastos, células retinianas, células de ovarios) en todo el cuerpo,
ademas de varios tipos de tumores sélidos. El trabajo realizado durante

los ultimos afios ha establecido un papel clave del factor de crecimiento
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endotelial vascular (VEGF) en la regulacién de la angiogénesis normal y
anormal (Ferrara et al. Endocr. Rev. 18:4-25 (1997)). El VEGF es un
factor de crecimiento necesario para la vasculogénesis embrionaria
normal, desarrollo de miocitos cardiacos (véase, por ejemplo, Ferrara et
al., Heterozygous embryonic leth_ality induced by targeted inactivation

of the VEGF gene, Nature 380:439-42 (1996)), formacién osea

encondral normal (véase, por ejemplo, Gerber et al., VEGF couples

hypertrophic cartilage remodeling, ossification, and angiogenesis during

enchondral bone formation, Nat. Med, 5:623-28 (1999)), reparacion de
tejido, y en la fisiologia del tracto reproductivo femenino, el crecimiento
folicular y la funcién endocrina del cuerpo liteo son dependientes de la
proliferacion de nuevos capilares (véase, por ejemplo, Phillips et al.,

Vascular endothelial growth factor is expressed in rat corpus Juteum.

Endocrinology, 127:965-67 (1990)). Mas aun, se ha demostrado que el
VEGF es un mediador clave de la neovascularizacién asociada con
tumores y trastornos intraoculares (Ferrara ef al.). El ARNm del VEGF
se sobreexpresa por la mayoria de los tumores humanos examinados
(Berkman et al. J Clin Invest 91:153-159 (1993); Brown et al. Human
Pathol.. 26:86-91 (1995); Brown et al. Cancer Res. 53:4727-4735

(1993); Mattern et al. Brit. J. Cancer. 73:931-934 (1996); y Dvorak et
al. Am J. Pathol. 146:1029-1039 (1995)).

[0070] El VEGF se conoce también como factor de permeabilidad
vascular, basandose en su capacidad de inducir filtracién vascular en
modelos animales. Véase, por ejemplo, Senger et al., Tumor cells

secrete a vascular permeability factor that promotes accumulation of

ascites fluid. Science 219: 983-89 (1983). Senger y colegas propusieron
que un incremento en la permeabilidad microvascular a las proteinas es
un paso crucial en la angiogénesis. Por ejemplo, la filtracién inducida
de proteinas plasmaticas y la formacién de gel de fibrina extracelular
pueden constituir una matriz suficiente para el crecimiento de células

endoteliales; el papel de factores de crecimiento mitégeno puede ser el
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de reforzar este proceso. La angiogénesis se requiere ademas para
permitir la migracion de leucocitos, factores de crecimiento y oxigeno

durante la formacion de tejido de granulacién en la cicatrizacion de una

herida.

| [0071] En la cicatrizacién de una herida, el VEGF juega un papel
fundamental en la induccién de angiogénesis durante la cicatrizacién
cutanea de una herida. Es un potente mitdgeno para las células
endoteliales microvasculares dérmicas y se expresa por queratinocitos de
heridas en proceso de curacion (véase, por ejemplo, Nissen et al.,

Vascular endothelial factor mediates angiogenic activity during the

proliferative phase of wound healing. Am. J Pathol, 152:1445-52

(1998); Corral et al.,, Vascular endothelial growth factor is more

important than basic fibroblast growth factor during ischemic wound

healing. Arch Surg., 134:200-5 (1999); Frank et al., Regulation of

vascular endothelial growth factor éxpression in cultured keratinocytes,

Implications for normal and impaired wound healing. J. Biol. Chem.,

270:12607-13 (1995); Ballaun et al., Human keratinocytes express the

three major splice forms of vascular endothelial growth factor, J. Invest

Dermatol., 104:7-10 (1995). Actla igualmente en una manera paracrina
en los microvasos dérmicos, llevando a una vascularidad cutanea
incrementada y formacion de la matriz de granulacion. Véase, por
ejemplo, Corral et al., supra, y Romano de Peppe, et al., Adenovirus-

mediated VEGF165 gene transfer enhances wound he_aling by promoting

angiogenesis _in CD1 diabetic mice. Gen Ther., 9:1271-7 (2002).

Deficiencias en la reparacion de tejido, por ejemplo, cicatrizacién de una
herida, etc., se observan cuando se alteran los niveles de VEGF y otros
factores 'angiogénicos. Véase, por ejemplo, Howdieshell, et al.,

Antibody neutralization of vascular endothelial growth factor inhibits

wound granulation tissue formation, J. Surg. Res. 96:173-82 (2001);

Street et al., Vascular endothelial growth factor stimulates bone repair

by promoting angiogenesis and bone turnover, PNAS USA, 99:9656-61
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(2002); Tsou et al., Retroviral delivery of dominant-negative vascular

endothelial growth factor receptor type 3 to murine wounds inhibits

wound angiogenesis, Wound Repair Regen., 10:222-9 (2002); Frank et

al., Regulation of vascular endothelial growth factor expression in

cultured keratinocytes, Implications for normal and impaired wound

healing. J. Biol. Chem., 270:12607-13 (1995); y Lerman et al., Cellular

dysfunction in the diabetic fibroblast: impairment in migration, vascular

endothelial growth factor production, and response to hypoxia, Am. J.

Pathol., 162:303-12 (2003). En algunos modelos animales, el VEGF
exogeno promovié la cicatrizacién de heridas. Véase, por ejemplo,

Galliano et al., Topical Vascular Endothelial Factor Accelerates Diabetic

‘“Wound Healing through increased angiogenesis and by Mobilizing and

recruiting bone marrow-derived cells, American Journal of Pathology,

164 (6): 1935-1947 (2004); Romano de Peppe S et al, Adenovirus-

mediated VEGF165 gene transfer enhances wound healing by promoting

angjogenesis in CDI1 diabetic mice, Gen Ther 9:1271-7 (2002); y
Solicitud de Patente de los Estados Unidos No. US20030180259.

[0072] Como se describe anteriormente, existen retos en la
creacion de terapias a base de proteinas para acelerar la cicatrizacion de
una herida. En esta solicitud describimos un estudio clinico de tratar
ulceras con terapia de proteina recombinante VEGF, que resulta en la
cicatrizacion acelerada de una herida. Véase Ejemplo 1, en esta

‘solicitud.

[0073] Agentes Adicionales

[0074] Se encuentra dentro del 4mbito de esta invencion combinar
terapia VEGF con uno o mas de, por ejemplo, terapia de buen cuidado
de heridas (por ejemplo, GWC), otras terapias novedosas o
convencionales (por ejemplo, otros miembros de la familia VEGF,
factores de crecimiento tales como los enumerados en esta solicitud,

factor de crecimiento nervioso (NGF), factores positivos de angiogénesis

35

~N—
I



WO 2006/138468 PCT/US206/023318 <>%

o agentes o activadores, esteroides anabdlicos, reemplazos de tejido
creados por técnicas de bioingenieria (por ejemplo, Apligraph®,
Dermagraft™, etc.), terapia en vacio, de oxigeno hiperbarico para
mejorar la actividad del VEGF, en acelerar y/o intensificar la

cicatrizacion de una herida. Véase, por ejemplo, Meier and Nanney,

Emerging New Drugs for Wound Repair, Expert Opin. Emerging Drugs
(2006) 11(1):23-37.

[0075] Seis principales familias del factor de crecimiento (EGF,
FGF, IGF, PDGF, TGF y VEGF) se encuentran asociadas con la
cicatrizacion de una herida. Véase, por ejemplo, Nagai and Embil,

Becaplermin: recombinant platelet derived growth factor, a new

treatment for healing  diabetic  foot  ulcers, Exprt  Opin

Biol. Ther 2:211-18 (2002). Ejemplos de tales factores de crecimiento
incluyen el factor de crecimiento derivado de plaquetas (PDGF-A,
PDGF-B, PDGF-C, y PDGF-D), factor I y II de crecimiento insulinoide
(IGF-I e IGF-II), factor de crecimiento de fibroblastos 4cido y bésico
(aFGF y bFGF), factor de crecimiento transformante o y B (TGF-a y
TGF-B (por ejemplo, TGF-p 1, TGF-B 2, TGF- B 3)), factor de
crecimiento epidérmico (EGF) y demés. Véase Id. Estos factores de
crecimiento estimulan la mitosis de una o mas de las células
involucradas en la cicatrizacion de una herida y pueden combinarse con
VEGF.

[0076] Otros agentes positivos de angiogénesis que pueden
combinarse con VEGF incluyen, pero no se limitan a, por ejemplo,
HGF, TNF-0, angiogenina, IL.-8, etc. (Folkman et al. J. Biol. Chem.
267:10931-10934 (1992); Klagsbrun et al. Annu. Rev. Physiol. 53:217-
239 (1991)), activadores de angiogénesis en la Tabla 3, factores de

angiogénesis y agentes descritos en esta solicitud, etc.
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Tabla 3 Ejemplos de Activadores de Angiogénesis

Angiogénesis

Angiopoyetinas 1 y 2
Tie-2

Alpha-5 integrinas

Metaloproteinasas de matriz
Oxido Nitrico (NO)
COX-2

TGF-B y receptores

VEGEF y receptores

[0077] Adicionalmente, los siguientes agentes pueden combinarse
con tratamientos de cicatrizacion de heridas con VEGF, por ejemplo, el
factor de crecimiento derivado de plaquetas (PDGF) (por ejemplo,
Becaplermin (thPDGF-BB) tal como Regranex ®; Johnson & Johnson
(véase, por ejemplo, las Patentes de los Estados Unidos 5,457,093;
5,705,485; y 5,427,778; Perry, BH et al., A meta-analytic approach to

an_integrated summary of efficacy: a case study of becaplermin gel.,

- Cont. Clin. Trials 23:389-408 (2002)), agonistas de receptor A2A-
adenosina (por ejemplo, MRE0094 (King Pharmaceuticals)); factor de
crecimiento de queratinocitos (KGF-2, repifermina (Human Genome
Sciences)); lactoferrina (LF) (Agennix, Inc.,); timosina beta-4 (TJ]34
(ReGeneRx Biopharmaceuticals)); péptido de receptor activador
derivado de trombina (TP508; Chrysalin® (Chrysalis Biotechnology,
Inc.)); vector adenovirico que codifica el factor de crecimiento derivado
de plaquetas (PDGF-B) (GAMS501) (Selective Genetics); células madre
de la médula ésea autdloga (BMSC) (véase, por ejemplo, Badiavas &
Falanga, Treatment of chronic wounds with bone marrow-derived cells,

Arch Dermatol, 139:510-16 (2003); e injertos de tejido vivo modificados

por técnicas de ingenierfa (por ejemplo, Apligraf, etc.). Agentes anti-

ulcerantes antibidticos y antisépticos pueden combinarse asimismo con
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la administracion de VEGF. La administracion de VEGF puede
aplicarse junto con tratamiento inmunosupresor (por ejemplo,
corticosteroides, terapia de radiacion, quimioterapia) o tratamiento anti-

cancer.

[0078] No es necesario que tales agentes de co-tratamiento o
procedimientos se incluyan per se en las composiciones de esta
invencion, aunque esto sera conveniente donde tales agentes son
proteinaceos. Tales mezclas se administran apropiadamente en la misma
manera y para los mismos propésitos que el VEGF empleado solo. La
relacion util en moles de VEGF a tales factores terapéuticos secundarios
es tipicamente 1:0.1-10, utilizandose cantidades casi equimolares en una

incorporacion de la invencion.

[0079] Deosificacion y Administracion

[0080] Dosificaciones y concentraciones de medicamento deseadas
de las composiciones farmacéuticas de la invencién pueden variar
dependiendo del empleo particular vislumbrado. La determinacién de la
dosificacion apropiada o via de administracion esta perfectamente dentro
de las habilidades de un médico cualquiera. Experimentos animales
pueden ofrecer orientacion confiable para la determinacion de dosis
efectivas para terapia humana. El escalonamiento inter-especies de dosis
eficaces puede llevarse a cabo siguiendo los principios trazados por

Mordenti, J. and Chappell, W. The use of interspecies scaling in

toxicokinetics In Toxicokinetics and New Drug Development, Yacobi et

al., Eds., Pergamon Press, New York 1989, pp. 42-96. Ejemplos de
curvas de respuesta a la dosis para modelos de heridas animales

medicados con VEGF pueden verse en Fig. 2, que es una curva de

respuesta a la dosis para VEGF administrado a heridas de oreja -

isquémica en conejo. Fig. 3 es una curva de respuesta a la dosis para
VEGF administrado a una herida de conejo diabético. Para la

prevencion o tratamiento de enfermedad o tipo de herida, la dosificacion
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apropias de VEGF dependera del tipo de enfermedad por tratar, como se
define anteriormente, la gravedad y ciclo de la enfermedad, si el agente
se administra para propositos preventivos o terapéuticos, la terapia
previa, la historia clinica del paciente y la respuesta al agente, y la
discrecion del médico tratante. El VEGF se formulard y dosificara en
una forma consistente con la buena practica médica teniendo en cuenta
el trastorno especifico por tratar, la afeccién del paciente individual, el
sitio de administracion del VEGF, el método de administracion y otros

factores conocidos por el médico.

:[0081] La dosificacion a emplear dependen de los factores
descritos en esta solicitud. En ciertas incorporaciones de la invencion,
dependiendo del tipo y la gravedad de la enfermedad del sujeto,
alrededor de 1 pg/kg a 50 mg/kg (por ejemplo 0.1-20mg/kg) de VEGF
y/o un agente adicional, es una dosificacion candidata para
administracion al paciente, ya sea por ejemplo, mediante una o mas
administraciones separadas, o mediante aplicacion  continua.
Orientacion en cuanto a dosificaciones y métodos particulares de
administracion se provee en la literatura. En una incorporacion, la
cantidad efectiva de VEGF administrada es alrededor de 20 pg/em’ a
alrededor de 250 pg/cm®. En ciertas incorporaciones, la cantidad
efectiva administrada es alrededor de 24 pg/cm?, o 24 pug/cm. En ciertas
incorporaciones, la cantidad efectiva administrada es alrededor de 72
ng/em?’, o 72 ng/cm®. En ciertas incorporaciones, la cantidad efectiva
administrada es alrededor de 216 ug/cm?® o 216 ug/em®.  En una
incorporacion, la cantidad efectiva de VEGF administrada es 20 ng/em’
a 250 pg/em’. En ciertas incorporaciones, la cantidad efectiva
administrada es alrededor de 24 pg/cm? a alrededor de 216 pg/em?, o 24
ug/em’® a 216 pg/cm?®. En ciertas incorporaciones, la cantidad efectiva
administrada es alrededor de 24 pg/cm?® a alrededor de 72 ug/cm®, o 24
ng/em’ a 72 ug/cm®. En ciertas incorporaciones, la cantidad efectiva

administrada es alrededor de 72 pg/cm? a alrededor de 216 ng/em?, o 72
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pg/cm’® a 216 pg/em®. En ciertas incorporaciones, la cantidad efectiva —
administrada es alrededor de 216 pg/cm? a alrededor de 250 ng/cm’, o
216 pg/cm?® a 250 pg/cm®. El agente se administra convenientemente al

sujeto durante una serie de tratamientos o de una vez.

[0082] Para administraciones repetidas durante varios dias o mas,
dependiendo de la afeccién, el tratamiento se mantiene hasta que ocurra
una supresion deseada de los sintomas de la enfermedad, por ejemplo,
cierre completo de la herida, o reduccidn en el area de la herida. No
obstante, pueden ser {tiles otros regimenes posoldgicos. Tipicamente, el
especialista clinico administrard una molécula(s) de la invencién hasta
que se alcance una dosificacién que proporcione el efecto biolégico
deseado. La administracion de la cantidad efectiva de VEGF puede ser
diaria o, de manera opcional, una cuantas veces a la semana, por
ejemplo, por lo menos dos veces a la semana, o por lo menos tres veces
a la semana, o por lo menos cuatro veces a la semana, o por lo menos
cinco veces a la semana, o por lo menos seis veces a la semana. En una
incorporacion, el VEGF se administra por lo menos durante seis
semanas, o por lo menos alrededor de doce semanas o hasta el cierre
completo de la herida (por ejemplo, el cual puede determinarse mediante
cierre de la piel sin requerimientos de drenaje o apdsitos). En ciertos
aspectos de la invencion, el VEGF se administra durante menos de 20
semanas. El progreso de la terapia de la invencién se monitorea

facilmente mediante técnicas y exdmenes convencionales.

[0083] En general, la composicién terapéutica de la invencion se
- administra topicamente al sujeto. En una incorporacién de la invencion,
el VEGF es una formulacién de un gel topico, por ejemplo, en una
jeringa precargada o envase. En ciertas incorporaciones, un agente
terapéutico  adicional se  administra  también topicamente.
Opcionalmente pueden emplearse ademas otras vias de administracion

del VEGF y/o‘ agentes terapéuticos adicionales, por ejemplo,
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administrarse por cualquier medio apropiado, incluida, pero no limitada
‘a, administracion parenteral, subcutdnea, intraperitoneal, intrapulmonar,
intracerobrospinal, intraarticular, intrasinovial, intratecal, oral e
intranasal.  Las infusiones parenterales incluyen administracion

intramuscular, intravenosa, intraarterial, intraperitoneal, o subcutanea.

[0084] Como se describe en esta solicitud, el VEGF puede
combinarse con uno o mas agentes terapéuticos adicionales o
procedimientos. La  administracion = combinada  incluye
coadministracion, utilizando formulaciones separadas o una formulacién
farmacéutica Unica, y administracion consecutiva en cualquier orden. El
empleo de multiples agentes se incluye igualmente en la invencién. Por
ejemplo, el VEGF puede preceder, seguir, alternar con la administracion
del agente terapéutico adicional, o puede administrarse con aquel. En
una incorporacion, hay un perfodo de tiempo mientras ambos (o todos)
agentes activos ejercen simultaneamente sus actividades bioldgicas. En
un régimen de terapia de combinacién, las composiciones de la
invencion se administran en una cantidad terapéuticamente efectiva o
una cantidad terapéuticamente sinérgica. Tal como se emplea en esta
solicitud, una cantidad terapéuticamente efectiva es tal que la co-
administracion del VEGF y uno o més agentes terapéuticos, o la
administracion de un procedimiento, resulta en la reduccion o inhibicién
de la enfermedad o afeccion diana. Una cantidad terapéuticamente
sinérgica es aquella cantidad de VEGF y uno o mas agentes terapéuticos,
por ejemplo, descrita en esta solicitud, necesaria para acelerar sinérgica

o significativamente y/o mejorar la cicatrizacion de una herida.

[0085] Composiciones Farmacéuticas

[0086] Formulaciones terapéuticas de moléculas de Ia invencion,
por ejemplo, VEGF o agentes terapéuticos adicionales, combinados con
VEGF, usados de acuerdo con la invencién se preparan para

almacenamiento mezclando una molécula, por ejemplo, un polipéptido
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que posee el grado deseado de pureza, con sustancias portadoras,
excipientes o estabilizadores opcionales farmacéuticamente aceptables
(Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed.
(1980)), en la forma de formulaciones liofilizadas o soluciones acuosas.
Sustancias portadoras, diluyentes, excipientes y estabilizadores
aceptables son preferiblemente atoxicos a los destinatarios, en las dosis y
concentraciones empleadas, e incluyen amortiguadores tales como
fosfato, citrato, y otros acidos orgéanicos; antioxidantes incluidos acido
ascorbico 'y metionina; preservantes (tales como cloruro de
octadecildimetilbencil amonio; cloruro de hexametonio; cloruro de
benzalconio, cloruro de bencetonio; fenol, alcohol butilico o bencilico;
alquil parabenos tales como metil o propil parabeno; catecol; resorcinol;
ciclohexanol; 3-pentanol; y m-cresol); anticuerpo de bajo peso molecular
(menos de alrededor de 10 residuos); proteinas, tales como albiimina
sérica, gelatina, o inmunoglobulinas; polimeros hidréfilos tales como
polivinilpirrolidona; aminodcidos tales como glicina, glutamina,
asparagina, histidina, arginina, o lisina; monosacaridos, disacaridos, y
otros carbohidratos incluidos glucosa, mannosa, o dextrinas; agentes
quelantes tales como EDTA; azlcares tales como sacarosa, mannitol,
trehalosa o sorbitol; iones contrarios formadores de sales tales como
sodio; complejos de metal (por ejemplo, complejos Zn-proteina); y/o
surfactantes no iodnicos tales como TWEENT™_  PLURONICS™ o
polietilen glicol (PEG).

[0087] En ciertas incorporaciones, las formulaciones a utilizarse
para administracion in vivo son estériles. Esto se logra facilmente
mediante filtracion a través de membranas de filtracién estéril. El
VEGF puede almacenarse en forma liofilizada o como solucién acuosa o
forma de gel. El pH de las preparaciones VEGF puede ser alrededor de
desde 5 a 9, aunque en ciertos casos pueden ser apropiados valores de
pH mas altos 0 mas bajos. Se entendera que el uso de algunos de los

excipientes, sustancias portadoras, o estabilizantes pueden resultar en la

formacion de sales del VEGF.
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[0088] Los ingredientes activos pueden atraparse también en
microcapsulas preparadas, por ejemplo, por técnicas coacervacion o por
polimerizacién interfacial, por ejemplo, hidroximetilcelulosa o
microcapsulas de gelatina y microcapsulas de poli-(metilmetacilato),
respectivamente, en sistemas coloidales de liberacion de medicamento
(por ejemplo, liposomas, microesferas de albimina, microemulsiones,
nanoparticulas y nanocépsulas) o en macroemulsiones. Tales técnicas se
divulgan en Remington's Pharmaceutical Sciences 16th edition, Osol, A.
Ed. (1980). Véase también Johnson et al., Nat. Med., 2:795-799 (1996);
Yasuda, Biomed. Ther., 27:1221-1223 (1993); Hora et al.,
Bio/Technology, 8:755-758 (1990); Cleland, Design and Production of

Single Immunization Vaccines Using Polylactide Polyglycolide

Microsphere Systems, in Vaccine Design: The Subunit and Adjuvant

Approach, Powell and Newman, eds, (Plenum Press: New York, 1995),
pp. 439-462; WO 97/03692, WO 96/40072, WO 96/07399; y Patente de
los Estados Unidos No. 5,654,010.

[0089] Tipicamente, para la cicatrizacién de una herida, el VEGF
se formula en administracidon especifica del sitio. Cuando se aplica
topicamente, el VEGF se combina convenientemente con otros
ingredientes, .tales como sustancias portadoras y/o coadyuvantes. No
existen limitaciones sobre la naturaleza de tales otros ingredientes,
excepto que tienen que ser farmacéuticamente aceptablés y eficaces para
su administracién prevista, y no pueden degradar la actividad de los
ingredientes activos de la composicién. Ejemplos de vehiculos
apropiados incluyen ungiientos, cremas, geles, atomizadores, o
suspensiones, con o sin colageno purificado. Las composiciones pueden
impregnarse igualmente en apdsitos estériles, parches transdérmicos,
emplastos, y vendajes, opcionalmente en forma liquida o semi-liquida.
Pueden wusarse también matrices de celulosa regenerada

oxidada/colageno, por ejemplo, Promogran™ Matrix Wound Dressing o
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-
Promogran Prisma Matrix™. g

[0090] Pueden elaborarse preparaciones de liberacion sostenida.
Ejemplos apropiados de preparaciones de liberacion sostenida incluyen
matrices semi-permeables de polimeros hidrofobos solidos que
contienen polipéptido de la invencion, matrices que estan en la forma de
articulos moldeados, por ejemplo, peliculas, o microcépsulas. Ejemplos
de matrices de liberacion sostenida incluyen poliésteres, hidrogeles (por
ejemplo,  poli(2-hidroxietil-metacrilato), o  poli(vinilalcohol)),
polilactidos (Patente de los Estados Unidos 3,773,919), copolimeros de
acido L-glutdmico y vy etil-L-glutamato, etilen-vinil acetato no
degradable, copolimeros degradables 4cido lactico-acido glicélico tales
como el LUPRON DEPOT™ (microesferas inyectables compuestas de
copolimero acido lactico-dcido glicolico y acetato de leuprolida), 4cido
poli-lactico-coglicolico (PGLA) y 4cido poli-D-(-)-3-hidroxibutirico.
Aunque los polimeros tales como etilen vinil acetato y 4cido lactico-
acido glicolico permiten la liberacion de moléculas durante mas de 100
dias, ciertos hidrogeles liberan proteinas durante periodos de tiempo mas
cortos. Cuando los anticuerpos encapsulados permanecen en el cuerpo
por un tiempo prolongado, éstos pueden desnaturalizarse o agregarse
como resultado de la exposicion a humedad a 37°C, lo cual se traduce en
una pérdida de actividad bioldgica y posibles cambios en la
inmunogenicidad.  Pueden disefiarse estrategias razonables para la
estabilizacion, dependiendo del mecanismo involucrado. Por ejemplo, si
se descubre que el mecanismo de agregacion es la formacion de enlace
S-S intermolecular a través de intercambio tio-disulfuro, la
estabilizacion puede lograrse modificando residuos sulfhidrilo,
liofilizando a partir de soluciones acidas, controlando el contenido de
humedad, usando aditivos adecuados, y desarrollando composiciones

especificas de matriz polimérica.
[0091] Para obtener una formulaciéon en gel, el VEGF formulado
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en una composicion liquida puede mezclarse con una cantidad efectiva
de de un polisacarido soluble en agua o polimero sintético tal como
polietilén glicol para formar un gel de la viscosidad apropiada para
aplicarse topicamente. El polisacarido que puede utilizarse incluye, por
ejemplo, derivados de celulosa tales como derivados de celulosa
eterificada, incluidas celulosas alquilicas, celulosas hidroxialquilicas, y
celulosas  alquilhidroxialquilicas, por ejemplo, metilcelulosa,
hidroxietilcelulosa, carboximetilcelulosa, hidroxipropilmetilcelulosa, e
hidroxipropilcelulosa; almidén y almidon fraccionado; agar; acido
alginico y alginatos; goma arabiga; pululana; agarosa; carragenina;
dextranos; dextrinas; fructanas; inulina; mannanas; xilanas; arabinanas;
quitosanas; glucdgenos; glucanas; y biopolimeros sintéticos; asi como
gomas tales como goma xantana; goma de guar; goma de algarrobo;
goma arabiga; goma tragacanto; y goma karaya; y derivados y sus
mezclas. En una incorporacion de la invencion, el agente gelatinizante
en esta solicitud es uno que es, por ejemplo, inerte a sistemas bioldgicas,
no toxico, sencillo de preparar, y/o no demasiado aguado o viscoso, y no

desestabilizara el VEGF contenido dentro de él.

[0092] En ciertas incorporaciones de la invencion, el polisacarido
es un derivado de celulosa eterificada, en otra incorporacién uno que es
bien definido, purificado y listado en la Farmacopea de los Estados
Unidos (USP), por ejemplo, derivados de metilcelulosa e
hidroxialquilcelulosa, tales como hidroxipropilcelulosa,
hidroxietilcelulosa, e hidroxipropilmetilcelulosa. En una incorporacion,

el polisacérido es metilcelulosa.

10093] El polietilén glicol util para gelificacion es tipicamente una
mezcla de polietilén glicoles de bajo peso molecular para obtener la
viscosidad deseada. Por ejemplo, un mezcla de polietilén glicol de peso
molecular 400-600 con uno de peso molecular 1.500 seria efectiva para

este propdsito cuando se mezcla en la proporcidn apropiada para obtener

45

[~
S
—



WO 2006/138468 PCT/US206/023318 E

una pasta. Nl

[0094] El término "soluble en agua" como se aplica a 'los
polisacéridos y polietilén glicoles pretende incluir soluciones coloidales
y dispersiones. En general, la solubilidad de los derivados de celulosa se
determina por el grado de sustitucion de grupos éter, y los derivados
estabilizantes utiles en esta solicitud deben tener una cantidad suficiente
de tales grupos éter por unidad de anhidroglucosa en la cadena de
celulosa para hacer los derivados solubles en agua. Un grado de
sustitucion de éter de por lo menos 0.35 grupos éter por unidad de
anhidroglucosa es generalmente suficiente. Ademas, los derivados de
celulosa pueden estar en la forma de sales de metal alcalino, por

ejemplo, las sales de Li, Na, K, o Cs.

[0095] Si se emplea metilcelulosa en el gel, por ejemplo, ésta
comprende alrededor de 2-5%, o alrededor de 3%, o alrededor de 4% o
alrededor de 5%, del gel y el VEGF est4 presente en una cantidad de
alrededor de 100-2.000 ug por ml de gel.

[0096] El VEGF y/o un agente adicional pueden administrarse
igualmente a la herida mediante terapia génica. Terapia génica se refiere
a una terapia realizada mediante la administracion de un 4cido nucleico a
un sujeto. En aplicaciones de terapia génica, se introducen genes en
células con el fin de lograr sintesis in vivo de un producto genético
terapéuticamente efectivo, por ejemplo para reemplazo de un gen
defectuoso. "Terapia génica" incluye " tanto la terapia génica
convencional, donde se consigue un efecto duradero mediante
tratamiento unico, como la administracion de agentes de terapia génica,
la cual implica la administracion por una sola vez o repetida de un ADN
o ARNm terapéuticamente efectivo. Los oligonucleétidos pueden
modificarse para mejorar su absorcién, por ejemplo sustituyendo sus

grupos fosfodiéster de carga negativa por grupos sin carga. Para resefias
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generales de los métodos de la terapia génica, véase, por ejemplo,
Goldspiel et al. Clinical Pharmacy 12:488-505 (1993); Wu and Wu
Biotherapy 3:87-95 (1991); Tolstoshev Ann. Rev. Pharmacol. Toxicol.
32:573-596 (1993); Mulligan Science 260:926-932 (1993); Morgan and
Anderson Ann. Rev. Biochem. 62:191-217 (1993); y May TIBTECH
11:155-215 (1993). Meétodos comunmente conocidos en el arte de la
tecnologia de ADN recombinante, que pueden emplearse, se describen
en Ausubel et al. eds. (1993) Current Protocols in Molecular Biology,
John Wiley & Sons, NY; y Kriegler (1990) Gene Transfer and
Expression, A Laboratory Manual, Stockton Press, NY.

[0097] Existe una variedad de técnicas disponibles para introducir
acidos nucleicos en células viables. Las técnicas varian dependiendo de
si el acido nucleico se transfiere en células cultivadas in vitro, o in vivo
en las células de anfitrion previsto. Técnicas apropiadas para la
. transferencia de 4cido nucleico en células mamiferas in vitro incluyen el

empleo de liposomas, electroporacién, microinyeccién, fusién de

células, DEAE-dextrina, el método de precipitacion en fosfato de calcio,

etc. Las técnicas de transferencia de genes in vivo actualmente
preferidas incluyen transfeccion con vectores viricos (tipicamente,
retroviricos) y transfeccion mediada por liposoma-proteina de capside
virica (Dzau et al., Trends in Biotechnology 11, 205-210 (1993)). Por
ejemplo, técnicas de transferencia de acidos nucleicos in vivo incluyen
transfeccion con vectores viricos (tales como adenovirus, Herpes
simplex I virus, lentivirus, retrovirus, o virus adeno-asociado) y sistemas
a base de lipidos (lipidos ttiles para la transgerencia, mediada por lipido,
del gen son DOTMA, DOPE y DC-Chol, por ejemplo). Ejemplos de la
utilizacion de vectores viricos en terapia‘ génica pueden hallarse en
Clowes et al. J Clin. Invest. 93:644-651 (1994); Kiem et al. Blood
83:1467-1473 (1994); Salmons and Gunzberg Human Gene Therapy
4:129-141 (1993); Grossman and Wilson Curr. Opin. in Genetics and
Devel. 3:110-114 (1993); Bout et al. Human Gene Therapy 5:3 -10
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(1994); Rosenfeld et al. Science 252:431-434 (1991); Rosenfeld et al.
Cell 68:143-155 (1992); Mastrangeli et al. J. Clin. Invest. 91:225-234
(1993); and Walsh et al. Proc. Soc. Exp. Biol. Med. 204:289-300 (1993).

[0098]  En algunas situaciones es deseable para proveer la fuente de
acido nucleico con un agente que reconoce las células de una herida, tal
como un anticuerpo especifico para una proteina de superficie celular o
la célula diana, un ligando para un receptor en la célula diana, etc.
Donde se emplean liposomas, proteinas que se unen a una proteina de
membrana de superficie celular asociada con endocitosis pueden
utilizarse para reconocer y/o facilitar la absorcion, por ejemplo proteinas
de capside o sus fragmentos, tropicos para un tipo de célula particular,
anticuerpos para proteinas que sufren internalizacién en su ciclo,
proteinas que reconocen localizacion intracelular y mejoran la semivida
intracelular. La técnica de endocitosis mediada por receptor se describe,
por ejemplo, por Wu et al.,, J. Biol. Chem. 262, 4429-4432 (1987); y
Wagner et al., Proc. Natl. Acad. Sci. USA 87, 3410- 3414 (1990). Para
una resefia de los protocolos de marcacién de genes y terapia génica,

véase Anderson et al., Science 256, 808- 813 (1992).

[0099] Modificaciones Covalentes a Polipéptidos de la Invencién

[0100] Modificaciones covalentes de un polipéptido de la
invencion, por ejemplo, el VEGF u otros agentes polipéptidos
terapéuticos adicionales, combinados con VEGF, se incluyen en el
ambito de esta invencion. FEstas pueden hacerse mediante sintesis
quimica o escision enzimatica o quimica del polipéptido, si es aplicable.
Otros tipos de modificaciones covalentes de polipéptido se introducen
en la molécula haciendo reaccionar residuos de aminoacidos selectivos
del polipéptido con un agente derivante organico, que es capaz de
reaccionar con cadenas laterales seleccionadas o los residuos N- o C-
terminales, o incorporando un aminoédcido modificado o aminoacido no

natural en la cadena polipeptidica en crecimiento, por ejemplo, Ellman
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et al. Meth. Enzym. 202:301-336 (1991); Noren et al. Science 244:182
(1989); y las solicitudes de Patente de los Estados Unidos 20030108885
y 20030082575.

[0101] Muy comunmente residuos cisteinilo se hacen reaccionar
con a-haloacetatos (y aminas correspondientes), tales como &cido
cloroacético cloroacetamida, para producir derivados carboximetilo o
carboxiamidometilo. Los residuos cisteinilo se derivan igualmente
mediante reaccion con bromotrifluoroacetona, acido a-bromo-B-(5-
imidozoil)propidnico, fosfato de cloroacetilo, N-alquilmaleimidas, 3-
nitro-2-piridildisulfuro, metil 2-piridildisulfuro, p-cloromercuribenzoato,

2-cloromercuri-4-nitrofenol, o cloro-7-nitrobenzo-2-oxa-1,3-diazol.

[0102]  Los residuos histidilo se derivan mediante reaccién con
dietilpirocarbonato a pH 5.5-7.0, porque este agente es relativamente
especifico para la cadena lateral histidilo. También es util el bromuro de
para-bromofenacilo; la reaccion se realiza tipicamente en 0.1 M de

cacodilato de sodio a pH 6.0.

[0103] Los residuos lisinilo y amino-terminales se hacen
reaccionar con anhidridos de 4acido succinico u otro carboxilico. La
derivacion con estos agentes tiene el efecto de invertir la carga de los
residuos lisinilo. Otros reactivos apropiados para derivar residuos con
contenido a-amino incluyen imidoésteres tales como metil
picolinimidato, fosfato de piridoxal, pridoxal, cloroborohidruro, 4cido
trinitrobencenosulfénico, O-metilisourea, 2,4-pentanodiona, y reaccion

con glioxilato, caralizada con transaminasa.

[0104] Los residuos arginilo se modifican mediante reaccién con
uno o varios reactivos convencionales, entre ellos fenilglioxal, 2,3-
butanodiona, 1,2-ciclohexanodiona, y ninhidrina. La derivacién de

residuos de arginina requiere que la reaccion se lleve a cabo en
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condiciones alcalinas debido al elevado pK, del grupo funcional
guanidina. Ma4s atlin, estos reactivos pueden reaccionar con los grupos

de lisina, asi como el grupo e-amino arginina.

[0105] La modificacion especifica de residuos tirosilo puede
hacerse, con interés particular en introducir etiquetas espectrales en
residuos tirosilo mediante reaccion con compuestos diazonio aromaticos
0 tetranitrometano. Muy comunmente, N-acetilimidizol y
tetranitrometano se utilizan para formar la especie O-acetil tirosilo y
derivados 3-nitro, respectivamente. Los residuos tirosilo se yodan

12SI 6 131

usando I para preparar proteinas marcadas para uso en

radioinmunoanalisis.

[0106] Grupos laterales carboxilo (aspartilo o glutamilo) se
modifican selectivamente mediante reacciéon con carbodiimidas (R-
N=C=N-R’), donde R y R' son diferentes grupos alquilo, tales como 1-
ciclohexil-3-(2-morfolinil-4-etil)carbodiimida o 1-etil-3-(4-azonia-4,4-
dimetilpentil)carbodiimida. Ma4s atn, residuos aspartilo y glutamilo se
convierten en residuos asparaginilo y glutaminilo mediante reaccién con

iones de amonio.

[0107] Los residuos glutaminilo y asparaginilo se desamidan
frecuentemente en los correspondientes residuos glutamilo y aspartilo,
respectivamente. Estos residuos se desamidan bajo condiciones neutras
o basicas. La forma desamidada de estos residuos cae dentro del ambito

de esta invencion.

[0108] Otras modificaciones incluyen la hidroxilacién de prolina y
lisina, fosforilacion de grupos hidroxilo de residuos serilo o treonilo,
metilacion de los grupos a-amino de las cadenas laterales de lisina,
arginina e histidina (T.E. Creighton, Proteins: Structure and Molecular

Properties, W.H. Freeman & Co., San Francisco, pp. 79-86 (1983)),
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acetilacion de la amina N-terminal, y amidacion de cualquier grupo

carboxilo C-terminal.

[0109] Otro tipo de modificacion covalente implica acoplar
quimica o enzimaticamente glucosidos a un polipéptido de la invencién.
Estos procedimientos son ventajosos en el sentido de que no requieren
produccion del polipéptido en una célula anfitriona que tiene
capacidades de glucosilacion para glucosilacion N- u O-enlazada.
Dependiendo del modo de acoplamiento utilizado, el azicar(es)
puede(n) unirse a (a) arginina e histidina, (b) grupos carboxilo libres, (c)
grupos sulfhidrilo libres tales como los de cisteina, (d) grupos hidroxilo
libres tales como los de serina, treonina, o hidroxiprolina, (e) residuos
aromaticos tales como los de fenilalanina, tirosina, o triptofano, o (f) el
grupo amida de glutamina. Estos métodos se describen en WO
87/05330 publicada el 11 de septiembre de 1987, y en Aplin and
Wriston, CRC Crit. Rev. Biochem., pp. 259-306 (1981).

[0110] El retiro de cualesquiera fracciones carbohidrato presentes
en un polipéptido de la invencion puede llevarse a cabo quimica o
enzimaticamente. La desglucosilacién quimica requiere la exposicion
del polipéptido al compuesto acido trifluorometanosulfénico, o un
compuesto equivalente. Este tratamiento resulta en la escicion de la
mayoria o la totalidad de los azucares, con excepcion del azucar
enlazante (N-acetilglucosamina o N-acetilgalactosamina), dejando al
mismo tiempo el polipéptido intacto. La desglucosilaciéon quimica se
describe por Hakimuddin, et al. Arch. Biochem. Biophys. 259:52 (1987)
y por Edge et al. Anal. Biochem., 118:131 (1981). La escisién
enzimatica de fracciones carbohidrato, por ejemplo, en anticuerpos,
puede lograrse mediante el uso de una variedad de endo- y exo-
glucosidasas como se describe por Thotakura et al. Meth. Enzymol.

138:350 (1987).
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[0111] Otro tipo de modificacion covalente de un polipéptido de la
invencion comprende conectar el polipéptido a una de una variedad de
polimeros no proteinaceos, por ejemplo, polietilén glicol, polipropilén
glicol, o polioxialquilenos, en la manera expuesta en las Patentes de los
Estados Unidos No. 4,640,835; 4,496,689:; 4,301,144; 4,670,417,
4,791,192 6 4,179,337.

[0112] Vectores, Células Anfitrionas y Métodos Recombinantes
[0113] Los polipéptidos de la invencién pueden producirse

recombinantemente, usando técnicas y materiales de facil obtencion.

[0114] Para la produccion recombinante de un polipéptido de la
invencion, por ejemplo, el VEGF o agentes polipéptido terapéuticos
adicionales combinados con el VEGF, el 4cido nucleico que lo codifica
se aislan y se insertan en un vector replicable para clonacion posterior
(amplificacion del ADN) o para expresion. Hay muchos vectores a
disposicion. Los componentes del vector incluyen generalmente, pero
no se limitan a, uno o méas de los siguientes: secuencias de control, una
secuencia sefial, un origen de replicacién, uno o mas genes marcadores,
un elemento potenciador, un promotor, y una secuencia de terminacion

de transcripcion.

[0115] La expresién "secuencias de control" se refieren a
secuencias de ADN necesarias para la expresiéon de una secuencia
codificante operacionalmente enlazada en un organismo anfitrion
particular.  Las secuencias de control que son apropiadas para
procariotas, por ejemplo, incluyen un promotor, opcionalmente una
secuencia operadora, y un sitio de unién a ribosoma. Las células
eucariotas son conocidas por utilizar promotores, sefiales de

poliadenilacion y potenciadores.

[0116] El 4cido nucleico estd "operacionalmente enlazado" cuando
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se pone en una relacidon funcional con otra secuencia de acidos
nucleicos. Por ejemplo, ADN para una pre-secuencia o lider secretor se
enlaza operacionalmente a ADN para un polipéptido, si éste se expresa
como una pre-proteina que participa en la secrecion del polipéptido; un
promotor o potenciador se enlaza operacionalmente a una secuencia
codificante si afecta la transcripcion de la secuencia; o un sitio de union
a ribosoma esta operacionalmente enlazado a una secuencia codificante
si se posiciona de modo que facilite la traduccion. Por lo general,
"operacionalmente enlazado" significa que las secuencias de ADN que
se estan enlazando son contiguas y, en el caso de un lider secretor,
contiguas y en el marco de lectura. Sin embargo, los potenciadores no
tienen que ser contiguos. El enlazamiento se lleva a cabo por ligamiento
en sitios de restriccidon convenientes. Si tales sitios no existen, los
adaptadores oligonucledtido sintéticos o conectores se utilizan de

acuerdo con la practica convencional.

[0117] ADN que codifica el polipéptido de la invencion se aisla y/o
secuencia facilmente usando procedimientos convencionales. Por
ejemplo, un ADN que codifica VEGF se aisla y se secuencia, por
ejemplo, utilizando sondas oligonucledtido que son capaces de unirse
especificamente al gen que codifica el VEGF. Una molécula de acido
nucleico "aislada" es una molécula de acido nucleico que se ha
identificado y separado de por lo menos una molécula de acido nucleico
contaminante, con la cual se asocia ordinariamente en la fuente natural
del acido nucleico del polipéptido. Una molécula de acido nucleico
aislada es distinta de en la forma o escenario en los cuales se encuentra
en la naturaleza. Por consiguiente, moléculas aisladas de 4cido nucleico
se distinguen de la molécula de acido nucleico tal como existe en células
naturales. Sin embargo, una molécula aislada de acido nucleico incluye
una molécula de 4cido nucleico contenida en células que ordinariamente
expresan el polipéptido donde, por ejemplo, la molécula de acido

nucleico esta en una localizacién cromosémica diferente de la de las
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células naturales.

[0118] Componente de Secuencia de Sefial

[0119] Polipéptidos de la invencion pueden producirse en forma
recombinante no solo directamente, sino también como un polipéptido
de fusién con un polipéptido heterdlogo, que es tipicamente una
secuencia seflal u otro polipéptido que tiene un sitio de escision
especifico en el N-término de la proteina madura o polipéptido.
Tipicamente, la secuencia sefial heterologa seleccionada es una que es

reconocida y procesada (es decir, escindida por una polipeptidasa sefial)

por la célula anfitriona. Para células procariotas anfitrionas que no

reconocen y procesan la secuencia sefial del polipéptido natural, la
secuencia sefial se sustituye por una secuencia sefial procariota
seleccionada, por ejemplo, del grupo de lideres de la fosfatasa alcalina,
penicilinasa, Ipp, o enterotoxina Il térmicamente estables. Para la
secrecion de levadura, la secuencia sefial natural puede sustituirse, por
ejemplo, por el lider de invertasa de levadura, un lider del factor
(incluidos los lideres factor a Saccharomyces y Kluyveromyces), o el
lider de fosfatasa 4acida, el lider de glucoamilasa C. albicans, o la sefial
descrita en WO 90/13646. En la expresion de células mamiferas, se
encuentran disponibles secuencias sefial mamiferas, asi como lideres

secretores viricos, por ejemplo, la sefial herpes simplex gD.

[0120] El ADN para tal region precursora se liga en el marco de

lectura al ADN que codifica el polipéptido de la invencion.

[0121] Componente Origen de Replicacién

[0122] Ambos vectores de expresion y clonacion contienen una
secuencia de acidos nucleicos que permite que el vector se replique en
una o mas células anfitrionas seleccionadas. Generalmente, en los
vectores de clonacion esta secuencia es una que permite que el vector se

replique independientemente del ADN comosémico del anfitrién, e
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incluye origenes de replicacion o secuencias auténomamente replicantes.
Tales secuencias son bien conocidas para una variedad de bacterias,
levaduras y virus. El origen de replicacion del plasmido pBR322 es
apropiado para la mayoria de las bacterias gram-negativas, el origen del
plasmido 2p es apropiado para levadura, y varios origenes viricos
(SV40, polioma, adenovirus, VSV o BPV) son dtiles para clonar
vectores en células mamiferas. Generalmente, el componente origen de
replicacion no se necesita para vectores de expresion mamiferos (el
origen SV40 puede usarse tipicamente solo porque contiene el promotor

temprano).

[0123]) Componente Gen de Seleccion

[0124] Vectores de expresion y clonacién pueden contener un gen
de seleccion, denominado también un marcador seleccionable. Genes
tipicos de seleccion codifican proteinas que (a) confieren resistencia a
antibidticos u otras toxinas, por ejemplo, ampicilina, neomicina,
metotrexato, o tetraciclina, (b) complementan deficiencias auxotroficas,
0 (¢) aportan nutrientes criticos no disponibles de medios complejos, por

ejemplo, el gen que codifica la D-alanina racemasa para Bacilli.

[0125] Un ejemplo de un esquema de seleccién utiliza un
medicamento para detener el crecimiento de una célula anfitriona.
Aquellas células que se transforman exitosamente con un gen heterélogo
producen una proteina que confiere resistencia a los medicamentos Y,
por consiguiente, sobreviven al régimen de seleccion. Ejemplos de tal
seleccion dominante utilizan los medicamentos neomicina, acido

micofendlico e higromicina.

[0126] Otro ejemplo de marcadores selectivos apropiados para
células mamiferas son aquellos que permiten la identificacion de células
competentes para absorber el 4cido nucleico, tales como DHFR,

timidina cinasa, metalotioneina-I y -II, tipicamente genes de
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metalotioneina de primate, adenosina deaminasa, ornitina decarboxilasa,

etc.

[0127] Por ejemplo, células transformadas con el gen de seleccién
DHEFR se identifican primeramente cultivando todos los transformantes
en un medio de cultivo que contiene metotrexato (Mtx), un antagonista
competitivo de DHFR. Una célula anfitriona apropiada, cuando se
emplea DHFR natural es la linea de células de ovario de hamster chino

(CHO), deficiente en actividad DHFR.

[0128] Alternativamente, células anfitrionas (particularmente
anfitriones naturales que contienen DHFR endédgena) transformadas o
co-transformadas con secuencias de ADN que codifican un polipéptido
de la invencidn, proteina DHFR natural, y otro marcador seleccionable
tal como aminoglucésido 3'-fosfotransferasa (APH) pueden
seleccionarse mediante cultivo en medio que contiene un agente se
seleccion para el marcador seleccionable tal como un antibidtico
aminoglucosidico, por ejemplo, canamicina, neomicina, o0 G418. Véase

la Patente de los Estados Unidos No. 4,965,199.

[0129] Un gen de seleccion apropiado para uso en levadura es el
gen trpl presente en el plasmido de levadura Yrp7 (Stinchcomb et al,
Nature, 282:39 (1979)). El gen #rpl provee un marcador de seleccién
para una cepa mutante de levadura que carece de la capacidad de crecer
en triptofano, por ejemplo, ATCC No. 44076 o PEP4-1. Jones, Genetics,
85:12 (‘1977). La presencia de la lesion #rpl en el genoma de la célula
anfitriona de levadura provee entonces un ambiente efectivo para
detectar la transformacion mediante crecimiento en la ausencia de
triptéfano.  Analogamente, cepas de levadura deficientes en Leu?
(ATCC 20,622 6 38,626) se complementan con plasmidos conocidos

que llevan el gen Leu?.
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[0130] Ademéds, vectores derivados del pldsmido circular pKDI
del.6 um pueden utilizarse para transformacion de levaduras
Kluyveromyces. Alternativamente, un sistema de expresion para la
producciéﬁ a gran escala de quimosina bovina recombinante se divulgo
para K. lactis. Van den Berg, Bio/Technology, 8:135 (1990). Se han
divulgado igualmente vectores de expresion estables multi-copia para
secrecion de albimina sérica humana recombinante madura por cepas
industriales de Kluyveromyces. Fleer et al, Bio/Technology, 9:968-975
(1991).

[0131] Componente Promotor

[0132] Los wvectores de expresion y clonacién contienen
usualmente un promotor que es reconocido por el organismo anfitrion y
estd operacionalmente enlazado a un acido nucleico que codifica un
polipéptido de la invencién. Promotores apropiados para uso con
anfitriones procariotas incluyen el promotor phoA, sistemas promotores
B-lactamasa y lactosa, fosfatasa alcalina, un sistema promotor triptéfano
(trp), y promotores hibridos tales como el promotor tac. No obstante,
son apropiados otros promotores bacterianos conocidos. Promotores
para uso en sistemas bacterianos continuaran asimismo la secuencia
Shine-Dalgarno (S.D.) enlazada operacionalmente al ADN que codifica

el polipéptido de la invencion.

[0133] Se conocen secuencias promotoras para eucariotas.
Virtualmente todos los genes eucariotas tienen una region rica en AT
localizada aproximadamente 25 a 30 bases corriente arriba del sitio
donde se inicia la transcripcion. Otra secuencia hallada 70 a 80 bases
corriente arriba del inicio de transcripcion de muchos genes es una
region CNCAAT donde N puede ser cualquier nucledtido. En el
extremo 3' de la mayoria de los genes eucariotas es una secuencia
AATAAA que puede ser la sefial paré la adicion de la cola poly A al

extremo 3' de la secuencia codificante. Todas estas secuencias se
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insertan convenientemente en vectores de expresion eucariotas.

[0134] Ejemplos de secuencias promotoras apropiadas para uso
con anfitriones de levadura incluyen los promotores para 3-
fosfoglicerato cinasa u otras enzimas glucoliticas, tales como enolasa,
gliceraldehido-3-fosfato ~ dehidrogenasa, = hexocinasa, piruvato
decarboxilasa, fosfo-fructocinasa, glucosa-6-fosfato isomerasa, 3-
fosfoglicerato mutasa, piruvato cinasa, triosafosfato isomerasa,

fosfoglucosa isomerasa y glucocinasa.

[0135] Otros promotores de levadura, que son promotores
inducibles con la ventaja adicional de transcripcién controlada por las
condiciones de crecimiento, son las regiones promotoras para la alcohol
dehidrogenasa 2, isocitocromo C, fosfatasa acida, enzimas degradantes
asociadas con el metabolismo del nitrégeno, metalotioneina,
gliceraldehido-3-fosfato dehidrogenasa, y enzimas responsables de la
utilizacion de maltosa y galactosa. Vectores y promotores apropiados
para uso en la expresion de levadura se describen adicionalmente en EP
73,657. De igual manera, los potenciadores de levadura se utilizan

ventajosamente con promotores de levadura.

[0136] La transcripcion de polipéptidos de la invencion a partir de
vectores en células anfitrionas mamiferas se controla, por ejemplo, por
promotores obtenidos de los genomas de virus tales como el virus
polioma, el virus de la viruela aviar, adenovirus (tales como Adenovirus
2.), virus del papiloma bovino, virus del sarcoma aviar, citomegalovirus,
un retrovirus, virus de la hepatitis-B y, tipicamente, el virus del mono 40
(SV40), de promotores mamiferos heterdlogos, por ejemplo, el promotor
de actina o un promotor de inmunoglobulina, a partir de promotores de

choque térmico, siempre que tales promotores sena compatibles con los

sistemas de células anfitrionas.
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[0137] Los promotores tempranos y tardios del virus SV40 se
obtienen convenientemeﬁte de un fragmento de restriccion SV40 que
contiene asimismo el origen virico SV40 de replicacion. El promotor
temprano inmediato del citomegalovirus humano se obtiene
convenientemente como un fragmento de restriccion HindlIl E. Un
sistema para expresar ADN en anfitriones mamiferos usando el virus de
papiloma bovino como vector se divulga en la Patente de los Estados
Unidos No. 4,419,446. Una modificacion de este sistema se describe en
la Patente de los Estados Unidos No. 4,601,978. Véase también Reyes
et al., Nature 297:598-601 (1982) sobre la expresion de ADNc del B-
interferén humano en células de raton bajo el control de un promotor de
timidina cinasa del virus herpes simplex. Alternativamente, la repeticion
terminal larga del virus de sarcoma rous puede utilizarse como el
promotor.

[0138] Componente Elemento Potenciador

[0139] La transcripcion de un ADN que codifica un polipéptido de
esta invencién por eucariotas superiores se incrementa a menudo
insertando una secuencia potenciadora en el vector. Actualmente se
conocen muchas secuencias potenciadoras de genes mamiferos (globina,
elastasa, albimina, a-fetoproteina e insulina). Tipicamente, se utilizara
un potenciador de un virus de célula eurariota. Ejemplos incluyen el
potenciador SV40 en el lado tardio del origen de replicacion (bp 100-
270), el potenciador promotor temprano del citomegalovirus, el
potenciador polioma en el lado tardio del origen de replicacion, y
potenciadores adenovirus. Véase asimismo Yaniv, Nature 297:17-18
(1982) sobre elementos potenciadores para activacién de promotores
eucariotas. El potenciador puede empalmarse en el vector en una
posicion 5' 6 3' a la secuencia que codifica el polipéptido, pero
tipicamente se localiza en el sitio 5' del promotor.

[0140] Componente Terminacion de Transcripcion |

[0141] Vectores de expresion utilizados en células anfitrionas

eucariotas (levaduras, hongos, insectos, plantas, animales, humanos, o
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células nucleadas de otros organismos multicelulares) contendran
igualmente secuencias necesarias para la terminacién de transcripcion y
para estabilizar el ARNm. Tales secuencias se obtienen cominmente de
las regiones 5'y, ocasionalmente las regiones no traducidas 3', de los
ADN o ADNc eucariotas o viricos. Estas regiones contienen segmentos
de nucleotido transcritos como fragmentos poliadenilados en la porcion
no traducida del ARNm que codifica el polipéptido de la invencién. Un
componente util de terminacion de transcripcion es la region de
poliadenilacién se la somatotropina bovina. Véase W094/11026 y el

vector de expresion divulgado alli.

[0142] Seleccion de Transformacién de Células Anfitrionas

[0143] Células anfitrionas apropiadas para clonar o expresar ADN
que codifica los polipéptidos de la invencidon en los vectores
contemplados en esta solicitud son las células procariotas, de lavadura, o
células eucariotas superiores descritas anteriormente.  Procariotas
apropiadas para este propdsito incluyen eubacterias, tales como
organismos  Gram-negativos o Gram-positivos, por ejemplo,
Enterobacteriaceae tales como Escherichia, por ejemplo, E. coli
Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, por ejemplo,
Salmonella typhimurium, Serratia, por ejemplo, Serratia marcescans, y
Shigella, asi como Bacilli tales como B. subtilis y B. licheniformis (por
ejemplo, B. licheniformis 41P divulgado en DD 266,710 publicada el 12
de abril de 1989), Pseudomonas teles como P. aeruginosa, 'y
Streptomyces. Tipicamente, el anfitrion de clonacién E. coli es E. coli
294 (ATCC 31,446), aunque son apropiadas otras cepas tales como E.
coli B, E. coli X1776 (ATCC 31,537), y E. coli W3110 (ATCC 27,325).

Estos ejemplos son ilustrativos mas que limitantes.
[0144] Aparte de los procariotas, microbios eucariotas tales como
hongos filamentosos o levadura son anfitriones apropiados de clonacién

0 expresion para vectores que codifican el polipéptido de la invencion.
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Saccharomyces cerevisiae, o levadura comin de panaderia, es el mas
comunmente usado entre los microorganismos anfitriones eucariotas
inferiores. No obstante, se dispone de un nimero de otros géneros,
especies, y cepas que son utiles en esta solicitud, tales como
Schizosaccharomyces pombe; anfitriones Kluyveromyces tales como,
por ejemplo, K. lactis, K. fragilis (ATCC 12,424), K. bulgaricus (ATCC
16,045), K. wickeramii (ATCC 24,178), K. waltii (ATCC 56,500), K.
drosophilarum (ATCC 36,906), K. thermotolerans, y K. marxianus,
yarrowia (EP 402,226); Pichia pastoris (EP 183,070); Candida;
Trichoderma  reesia  (EP  244,234);  Neurospora  crassa;
Schwanniomyces tales como Schwanniomyces occidentalis; y hongos
filamentosos tales como, por ejemplo, Neurospord, Penicillium,
Tolypocladium, 'y anfiriones Aspergillus tales como A. nidulans y A.

niger.

[0145] Células anfitrionas apropiadas para la expresion de
polipéptidos glucosilados de la invencién se derivan de organismos
multicelulares. Ejemplos de células invertebradas incluyen células
vegetales y células de insecto. Se han identificado numerosas cepas
baculoviricas y variantes y células anfitrionas de insectos permitidas,
correspondientes, de anfitriones tales como Spodoptera frugiperda
(oruga), Aedes aegypti (mosquito), Aedes albopictus (mosquito),
Drosophila melanogaster (mosca de la fruta), y Bombyx mori. Una
variedad de cepas viricas para transfeccion se encuentran pablicamente
disponibles, por ejemplo, la variante L-1 de Autographa californica
NPV y la cepa Bm-5 de Bombyx mori NPV, y tales virus pueden usarse
como el virus contemplado en esta solicitud de acuerdo con la presente
invencion, particularmente para transfeccion de células de Spodoptera
frugiperda. Cultivos de células vegetales de algodon, maiz, papa, frijol
de soya soybean, petunia, tomate y tabaco pueden emplease igualmente
como anfitriones. |

[0146] No obstante, el interés ha ‘sido maximo en células
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- vertebradas, y la propagacién de células vertebradas en cultivo (cultivo >‘f
de ‘tejido) se ha vuelto un procedimiento rutinario. Ejemplos de lineas
de células anfitrionas mamiferas utiles son la linea de rifion de mono
CV1 transformada por SV40 (COS-7, ATCC CRL 1651); la linea de
rifion embrionario humano (células 293 6 293 subclonadas para
crecimiento en cultivo de suspension, Graham et al, J. Gen Virol 36:59
(1977)); células de rifién de hamster recién nacido (BHK, ATCC CCL
10); células de ovario de hamster chino ADHFR (CHO, Urlaub et al,
Proc. Natl. Acad. Sci. USA 77:4216 (1980)); células Sertoli de raton
(TM4, Mather, Biol. Reprod. 23:243-251 (1980)); células de rifién de
mono (CV1 ATCC CCL 70); células de rifion de mono African green
(VERO-76, ATCC CRL-1587); células de carcinoma cervical humano
(HELA, ATCC CCL 2); células de rifién canino (MDCK, ATCC CCL
34); células de higado de rata buffalo (BRL 3A, ATCC CRL 1442);
células de pulmén humano (W138, ATCC CCL 75); células de higado
humano (Hep G2, HB 8065); tumor mamario de ratén (MMT 060562,
ATCC CCLS51); células TRI (Mather et al, Annals N.Y. Acad. Sci.
383:44-68 (1982)); células MRC 5; células FS4; .y una linea de
hepatoma humano (Hep G2).

[0147] Las células anfitrionas se transforman con los vectores de
expresion o clonacion ya descritos para la produccion del polipéptido de
la invencién y se cultivan en medios nutrientes convencionales
modificados, segin lo apropiado, para inducir promotores, seleccionar
transformantes, o amplificar los genes que codifican las secuencias

deseadas.

[0148] Cultivo de Células Anfitrionas

[0149] Las células anfitrionas usadas para producir polipéptidos de
la invencion pueden cultivarse en una variedad de medios. Medios
disponibles en el comercio tales como Ham's F10 (Sigma), Minimal

Essential Medium ((MEM), (Sigma), RPMI-1640 (Sigma), y Dulbecco's
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Modified Eagle's Medium (DMEM), Sigma), medios de crecimiento
normales para hepatocitos (Cambrex), medios de crecimiento para pre-
adipocitos (Cambrex), etc., son apropiados para cultivar las células
anfitrionas. Adicionalmente, cualquiera de los medios descritos en Ham
et al., Meth. Enz. 58:44 (1979), Barnes et al., Anal. Biochem. 102:255
(1980), Patentes de los Estados Unidos No. 4,767,704; 4,657,866;
4,927,762; 4,560,655; o 5,122,469; WO 90/03430; WO 87/00195; o
Patente de los Estados Unidos Re. 30,985 pueden utilizarse como
medios de cultivo para las células anfitrionas. Cualquiera de estos
medios puede suplementarse, segiin sea necesario, con hormonas y/u
otros factores de crecimiento (tales como insulina, transferrina, o factor
de crecimiento epidérmico), sales (tales como cloruro de sodio, calcio,
magnesio, y fosfato), amortiguadores (tales como HEPES), nucle6tidos
(tales como adenosina y timidina), antibiéticos (tales como el farmaco
GENTAMYCIN™), elementos trazadores (definidos como compuestos
organicos usualmente presentes en concentraciones finales en el rango
micromolar), y glucosa o una fuente de energia equivalente.
Cualesquiera otros suplementos necesarios pueden incluirse asimismo
en concentraciones apropiadas que serfan conocidas por los expertos en
el arte. Las condiciones de cultivo, tales como temperatura, pH, y
similares, son las ya previamente utilizadas con la célula anfitriona
seleccionada para expresion, y serdn evidentes para el profesional de

habilidad ordinaria.

[0150] Purificacion del Polipéptido

[0151] Cuando se emplean técnicas recombinantes, un polipéptido
de la invencion, por ejemplo, VEGF o agente polipéptido terapéutico
adicional que se combina con VEGF, puede producirse
intracelularmente, en el espacio periplasméitico, o segregarse
directamente en el medio. Polipéptidos de la invenciéon pueden
recuperarse y/o aislarse de medio de cultivo o de lisados de células

anfitrionas. Un polipéptido "aislado" es uno que se ha identificado y
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separado y/o recuperado de un componente de su entorno natural.
Componentes contaminantes de su entorno natural son materiales que
interferirian los usos diagndsticos o terapéuticos del polipéptido, y
pueden incluir enzimas, hormonas, y otros solutos proteindceos o no
proteindceos. En ciertas incorporaciones, el polipéptido se purificara (1)
a mas del 95% en peso del polipéptido segin se determine por el método
de Lowry, o mas del 99% en peso, (2) a un grado suficiente para obtener
por lo menos 15 residuos 'de la secuencia de aminoacidos N-terminal o
interna mediante el uso de un secuenciador de vaso giratorio, o (3) a
homogeneidad por SDS-PAGE bajo condiciones reductoras o no
reductoras usando azul Coomassie o, preferiblemente, tintura de plata.
Un polipéptido aislado incluye el polipéptido in situ en células
recombinantes, puesto que por lo menos un componente del entorno
natural del polipéptido no estara presente. Ordinariamente, sin embargo,
el polipéptido aisladé se preparara en por lo menos un paso de

purificacion.

[0152] Pueden emplearse varios métodos de purificacion de
proteinas, y tales métodos son conocidos en el arte y se describen por
ejemplo en Deutscher, Methods in Enzymology, 182 (1990); Scopes,
Protein Purification: Principles and Practice, Springer-Verlag, New
York (1982). El paso(s) de purificacion seleccionado(s) dependerd, por
ejemplo, de la naturaleza del proceso de produccion utilizado y el
polipéptido particular de la invencién producido. Si se ligan a la
membrana, los polipéptidos de la invencidn pueden liberarse de la
membrana utilizando una solucion detergente, apropiada (por ejemplo
Triton-X 100) o mediante escisién enzimatica. Las células empleadas en
la expresion de un polipéptido de la invencién pueden desintegrarse
mediante varios medios quimicos o fisicos, tales como ciclo
congelamiento-descongelamiento, sonicacion, ruptura mecanica, o
agentes de desintegracion de células. Los siguientes procedimientos son

ejemplares de procedimientos de purificacién apropiados:  por

64

J

o

-



WO 2006/138468 PCT/US206/023318 YL’

fraccionamiento en una columna de intercambio i6nico; precipitacion en
etanol; HPLC de fase reversa; cromatografia en silice, cromatografia con
heparina, cromatografia SEPHAROSE™ en una resina de intercambio
i6nico o cationico (tal como una columna de 4cido poliaspartico, DEAE,
etc.); cromatoenfocado; SDS-PAGE; precipitacion en sulfato de amonio;
filtracion en gel usando, por ejemplo, Sephadex G-75; columnas
Sepharose de proteina A para retirar contaminantes tales como IgG; y
columnas quelantes de metal para unir formas, marcadas con epitopo, de

polipéptidos de la invencién.

[0153] Por ejemplo, una composicion de VEGF preparada de las
células puede purificarse usando, por ejemplo, cromatografia con
heparina, electroforesis en gel, y didlisis.  Otras técnicas para

purificacion de proteinas se encuentran también disponibles.

[0154] Articulos de Fabricacién

[0155] En otra incorporacién de la invencion, se provee un articulo
de fabricacién que contiene materiales utiles para los métodos y
tratamiento de heridas descritos anteriormente.  El articulo de
fabricacion comprende un envase, una etiqueta y un prospecto de envase.
Envases apropiados incluyen, por ejemplo, frascos, frasquitos, jeringas,
apositos, vendajes, etc. Los envases pueden formarse de una variedad de
materiales tales como vidrio, plastico, nailon, algodén, poliéster, etc. El
envase contiene una composicion que es efectiva para tratar la afeccion y
puede tener un puerto de acceso estéril o puede ser un tubo con dosis
multiples o puede ser una jeringa con indicaciones de cantidades
medidas de agente activo. Por lo menos un agente activo en la
composicion se incluye en el envase. La etiqueta sobre el envase, o
asociada con ¢€l, indica que la composicién se utiliza para acelarar o
mejorar la cicatrizacion de una herida. El articulo de fabricacion puede
comprender ademas un segundo envase que contiene un amortiguador

farmacéuticamente aceptable, tal como solucién salina normal, solucion
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salina amortiguada con fosfato, solucién de Ringer y solucién de
dextrosa, o solucion de gel. Puede contener ademas otros materiales
deseables desde el punto de vista del usuario o desde un punto de vista
comercial, incluidos otros amortiguadores, diluyentes, filtros, apositos,
vendajes, aplicadores, gasa, barreras, barreras semi-permeables, abate-
lenguas, agujas, y jeringas. Opcionalmente, se incluye un conjunto de
ihstrucciones, generalmente instrucciones escritas, que se refieren al uso
y dosificacién del VEGF para administrarlo a la herida descrita en esta
solicitud. Las instrucciones incluidas con el kit contienen generalmente
informacion en cuanto a la dosificacién, pauta posolégica, y via de
administracion para el tratamiento del trastorno. Los envases de VEGFE
pueden ser dosis unitarias, empaques a granel (por ejemplo, empaques

multi-dosis), o dosis sub-unitarias.

[0156] Se considera que la especificacion es suficiente para
permitir a una persona experta en el arte poner en practica la invencién.
Por supuesto, varias modificaciones de la invencién, ademas de las
mostradas y descritas en esta solicitud, se haran evidentes a los expertos
en el arte a partir de la anterior descripcion y caen dentro del 4ambito de

las reivindicaciones adjuntas.

EJEMPLOS
[0157] Se entiende que los ejemplos e incorporaciones descritos en
esta solicitud son para propdsitos ilustrativos unicamente y que varias
modificaciones o cambios a la luz de los mismos se sugerirén a las
personas expertas en el arte y tienen que incluirse en el espiritu y

dominio de esta solicitud y el 4&mbito de las reivindicaciones adjuntas.

[0158] Ejemplo 1: VEGF topico en la cicatrizacion de una herida
Estudio clinico con VGF2763g
[0159] Se realizd un estudio clinico doble ciego (por ejemplo,

farmaceuta sin ocultamiento de la asignacion, MD con ocultamiento y
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paciente con ocultamiento de la asignacién) para determinar si la -

aplicacion de VEGF topico podia promover la cicatrizacion de una

herida en sujetos humanos con ulceraciones diabéticas. Véase Tabla 4

respecto a un diagrama de caracteristicas de enfermedad de referencia de

los pacientes en el estudio, para administrar thVEGF (denominado en

esta solicitud como "telbermina") para el tratamiento de heridas

diabéticas. El diseflo del estudio se indica en Fig. 1.

Tabla 4 Caracteristicas de la Enfermedad de Referencia

Placebo (N=26) Telbermina (N=29)

Edad media, y (rango)

59.3 (38-81)

59.5 (42-74)

Glucosa media, mg/dL (rango)*

225.8 (77-465)

179.1 (29-593)

HbAIC medio, % (rango)? 8.4 (5.5-13.6) 8.3 (5.6-13.6)
Ulcera debridada en el cribado, N
(%) 21 (80.8) 27 (93.1)

Si 5(19.2) 2 (6.9)

No

, - . 5
Area de ulcera media, cm” (rango)

Longitud x ancho en el cribado
Planimetria en el cribado §

Planimetria el dia 1

1.85 (1.08-2.90)
1.14 (0.50-2.24)
1.05 (0.62-2.34)

1.92 (0.96-4.08)
1.35 (0.59-3.51)
1.15 (0.44-2.97)

* Un sujeto tratado con placebo se excluy6 del resumen debido a la falta
de un valor de glucosa. T Un sujeto tratado con telbermina se excluy6 del
resumen debido a la falta del valor HbAIC. { Dos sujetos tratados con

placebo no tuvieron evaluaciones de planimetria de referencia.

[0160] 24 de los pacientes tratados con placebo completaron la fase
de tratamiento y 22 completaron la fase de observacion. 27 de los
pacientes tratados con telbermina (VEGF recombinante tdpico)

completaron la fase de tratamiento y 22 completaron la fase de
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observacion. Pacientes con diabetes mellitus 1 o II (hemoglobina
glucosilada, controlada Alc (HbAlc) < 12%) con area de la tlcera
desbridada de >0.4 cm® y < 4.0 cm’ el dia 1 que eran heridas
superficiales (por ejemplo, en la fase UT 1a (no hueso, musculo, tendon),
véase Tabla 2) se trataron con VEGF o un placebo 3 veces a la semana
durante 6 semanas (18 dosis en total). El tratamiento se realizé cada 48
horas (+/- 24 horas) pero no mas de 3 dosis por semana. La cantidad de
VEGF por tratamiento fue 72 pg/cm®. El VEGF se prepard en el sitio.
0.22 ml de VEGF (5mg/ml) o el placebo (vehiculo amortiguador) se
retiraron del frasquito se agregaron a alrededor de 5% metilcelulosa (por
ejemplo, 4.7%) (por ejemplo, Methocel A4M metilcelulosa premium
(The Dow Chemical Company; Midland, MI) formulacién en 5mM
émortiguador de succinato, pH 5.0. El VEGF o placebo y el gel se
mezclaron durante 2 horas, con viscosidad creciente, y redujeron la
perdida de material de dosificacion cuando se aplicaron. Un gel VEGF
0.06% final (gel final 3% metilcelulosa) en 5 mM, pH 5.0 amortiguador
de succinato (con, por ejemplo, a VEGF 1.8 mg/ml, 0.0036% polisorbato
20 y 100 mM dehidrato de trehalosa) fue el material de dosificacion
final. El material de dosificacion final se aplicé con una jeringa de
tuberculina de 1.0 ml, por ejemplo, cargada con 0.6 mL de material de

dosificacidn final.

[0161] Tipicamente, la tlcera era un Ulcera crénica. La duracidn
de la tlcera fue mayor que o igual a 4 semanas a menos de 6 meses antes
del tratamiento. No habia infeccion activa, y el sujeto tenia una
extremidad perfundida: indice brazo-tobillo (ABI) > 0.6 y menos de o
igual a 1.2 en el pie de estudio. Durante el tratamiento los dos grupos
VEGF o placebo tuvieron una buena practica de cuidado de la herida y
evaluaciones semanales, por ejemplo, examenes fisicos, registros
planimétricos y/o fotografias de 35 mm (por ejemplo, Food and Drug
Administration (FDA) Guidance for Industry 2000, Chronic Cutaneous

Ulcer and Burn Wounds-Developing Products for Treatment, June

68



e

WO 2006/138468 PCT/US206/023318 t/\
/’

2000).

[0162] Los criterios de valoracion a abordarse fueron la incidencia

del cierre completo de la herida, que incluia el cierre de Ia piel sin
requerimientos de drenaje o apdsitos, (por ejemplo, evaluarse, 3 meses
luego del cierre) y la cicatrizacion acelerada de una herida, donde la
velocidad refleja una disminucion clinicamente significativa del tiempo
hasta que ocurra, por ejemplo, un cierre completo, y un anélisis tiempo a
acontecimiento (por ejemplo, tiempo hasta el cierre completo). El
criterio de valoracion de eficacia primaria fue la reduccion porcentual en
el area total superficial el dia (hasta el dia 49) a partir de la linea de
referencia se determind por andlisis cuantitativo de registros
planimétricos de la ulcera. Los criterios de valoraciéon de eficacia
secundarios inclufan: reduccién porcentual en el area total superficial de .
la tlcera el dia 29 y el dia 84, comparada con la linea de referencia (por
ejemplo, valor el dia 1), incidencia de las cicatrizaciones completas de la
ulcera los dias 29, 43, y 84, tiempo (por ejemplo, dias) en completar la
cicatrizacion de la ulcera, tiempo (por ejemplo, dia) hasta la recurrencia
de la formacion de tlcera para el sujeto con cicatrizacién completa de la
ulcera antes del final del tratamiento, incidencia del 4rea superficial total
incrementada de la ulcera (> 15%), comparada con la linea de referencia,
incidencia del avance de la etapa de la tlcera (por ejemplo, > UT la), y

perfusién microcirculatoria del lecho de la tilcera los dias 1, 8,22y 43.

[0163] Problemas de seguridad que se monitorearon involucraron
hipotensién clinicamente significativa (por ejemplo, definida como una
caida de > 35 mmHg en la presién sanguinea sistélica relativa a la pre-
dosis 60 minutos después de Ia aplicacion de cada dosis del
medicamento de estudio durante la primera semana de tratamiento (dias
I, 3y 5), infeccién de la tlcera clinicamente significativa (por ejemplo,
definida por una descarga incrementada y exudados malolientes de la

ulcera, fiebre (temperatura de > 38.6°C), y conteo de gldbulos blancos
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(WBC) de > 10.000uL), produccién de anticuerpos anti-VEGF, etc. Se
midio la presion sanguinea antes de cada dosis y 60 minutos después de

cada dosis durante la primera semana.

[0164] El volumen total de gel aplicado‘ para cada tratamiento es
0.12-0.48 mL (72 pg-288 pg VEGF). La cantidad de gel aplicado se
basé en mediciones de la herida (LxW), donde L es la longitud maxima
de un borde al otro en cm y W es el ancho maximo de un borde al otro,
perpendicular a L en cm (LxW = 4rea superficial estimada (cm?). Por
- ejemplo, el gel se aplica usando un baja-lenguas esterilizado, donde la
cantidad total de gel aplicado sobre la superficie total de la tlcera tuvo
un espesor de 1/16". La herida se cubre con una barrera semipermeable
estéril (por ejemplo, aposito de pelicula aadptec) y se envolvié con
envoltura gasa de algodon (por ejemplo, Kerlix). En el siguiente
tratamiento, se retira el apdsito y la Glcera se irriga suavemente con
solucion salina normal estéril. Se mide nuevamente la tlcera, se aplica

la dosis apropiada de gel y la herida se vuelve a vendar.

[0165] Resultados: El VEGF tdpico parece ser seguro y bien
tolerado. La incidencia de episodios adversos fue comparable entre
grupos de tratamiento (grupos de telbermina y placebo). Ninguno de los
episodios adversos o episodios adversos serios observados se atribuyeron
al medicamento del estudio. Dos pacientes no continuaron el estudio
debido a episodios adversos serios (1 en el grupo de telbermina = ulcera
cutdnea infectada; 1 en el grupo de plaéebo = infeccion localizada).
Hubo un paciente en el grupo de telbermina que falleci6 4 dias después
del ultimo tratamiento, pero la muerte no se atribuyé al medicamento del
estudio. ~ No se observaron casos de hipotension clinicamente

significativa en cualquiera de los dos grupos de tratamiento.

[0166] Los datos sugieren la evidencia de actividad bioldgica. No

se observaron sefiales de seguridad en un estudio con tamafios pequefios
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de ulcera que estaban en la fase UT la. Véase Tabla 5 para un resumen
de los resultados para una reduccién % media en el area de la herida, %
de sujetos con cicatrizacion completa y tiempo hasta la cicatrizacion. En
sujetos diabéticos tratados con VEGF durante 6 semanas 3 veces a la
semana, la poblacién de sujetos mostré una mejora del 14-25% en la
completa cicatrizacion de una herida después de 6 semanas con VEGF,
comparada con el placebo. El estudio demostré que el VEGF tuvo una
aceleracion de la cicatrizacion de ~75-100% mas réapida que el placebo.
Véase Tabla 6, que ilustra el tiempo hasta la primera cicatrizacion
completa de la tlcera en pacientes tratados con telbermina (rhVEGF) o

placebo. El tiempo para la completa cicatrizacion de la tlcera se aceler6

en pacientes tratados con VEGF, por ejemplo, el tiempo hasta la

completa cicatrizacion (percentil 25%) fue 32.5 dias versus 43.0 dias.

Tabla §
Reduccion % % Sujetos con Tiempo hasta la
Media " Cicatrizacién Cicatrizaciéon
en el Area de la Completa (VEGF vs.
Herida (VEGF vs. Placebo)**
(superficie total Placebo)’*
de la ulcera)
(VEGF vs.
Placebo)z*
Dia 43 Seguridad 95% vs. 85% 41% vs. 27% HR 1.75 (p=0.18)
(Semana 6) Evaluable (p=0.67) (p=0.39)
Eficacia' 100% vs. 88% 52% vs. 27% HR 1.98 (p=0.12)
Evaluable (p=0.17) (p=0.13)
Dia 84 Seguridad 100% vs. 92% 52% vs. 35% HR 1.87 (p=0.13)
(Semana 12)  Evaluable (p=0.49) (p=0.28)
Eficacia' 100% vs. 93% 71% vs. 38% HR2.10(p=0.08)
Evaluable (p=0.05) (p=0.06)

'Sujetos con eficacia evaluable (especificada antes de revelar el
ocultamiento de la asignacion - "prior to unblinding'):

Se retiraron los infractores principales del protocolo.
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Los sujetos que incumplieron 3 dosis consecutivas — censurados en la
ultima dosificacion disponible.

No LOCF (datos faltantes no imputados).

?valor p: prueba de suma de rangos Wilcoxon.

?valor p: prueba exacta de Fisher.

*valor p: prueba Log-Rank.

*método de evaluacion — andlisis planimétrico cuantitativo

Tabla 6

Tiempo hasta la Cicatrizacion|Placebo (N=26) Telbermina (N=29)
Completa*

25 percentil, dia 43.0 32.5

502 percentil, dia , ND 58.0

ND = No detectable

* Estimada usando el método de Kaplan Meier.-

[0167] Para los sujetos que lograron una cicatrizacién completa de
la ulcera, se evaluo la recurrencia de la formacién de la tlcera entre el
tiempo de la primera cicatrizacion completa de la tlcera y el tiempo de la
conclusion o discontinuacion del estudio. De los sujetos con seguridad
evaluable, que alcanzaron una cicatrizacion completa de la tlcera, 26.7%
de los sujetos tratados con telbermina (4 de 15) y 33.3% de los sujetos
tratados con placebo (3 de 9) tuvieron recurrencia de formacion de tlcera
(valor p log-rank = 0.57). La relacion de riesgo por recurrencia de
formacion de ulcera para los sujetos tratados con telbermina, comparada

con los sujetos tratados con placebo fue de 0.63 (95% CI: 0.13, 3.15).

[0168] Ejemplo 2: VEGF tépico en la cicatrizacion de una herida

[0169] Sujetos, por ejemplo, pacientes con diabetes mellitus [ o I,
con un area estimada de ulcera luego de un exhaustivo desbridamiento
de, por ejemplo, >1.0 cm® y < 6.5 cm?® al comienzo del tratamiento, se

tratan con VEGF recombinante tdpico (por ejemplo, formulacion en gel)
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diariamente durante 12 semanas (para un total de hasta 84 dosis) hasta el
cierre total o completo de la herida (por ejemplo, cierfe de la piel sin
requerimientos de drenaje o apdsitos), lo primero que ocurra. Los
sujetos pueden observarse durante 12 semanas o mas, después de la fase
de tratamiento. Los sujetos reciben 24 pg/cm’, 72 pg/cm?, o 216 ng/cm?
VEGF en cada tratamiento diario. Se calcula el area superficial de la
tlcera (cm®), por ejemplo, por la longitud (L(cm)), que es la medicién
méxima de un borde al otro de la tlcera, y el ancho (W(cm)), tomado
desde un eje perpendicular a la longitud en la medida maxima de un
borde a otro. Entonces, el drea superficial calculada es LxW. El
tratamiento puede evaluarse midiendo el perimetro del area de la ulcera
mediante registros, registros de andlisis planimétrico del borde de la
Ulcera, fotografias, examenes fisicos, etc. El VEGF aplicado sera 1.8,
0.6 y 0.2 mg/ml de VEGF, 3% metilcelulosa (por ejemplo, Methocel
A4M metilcelulosa premium (The Dow Chemical Company; Midland,
MI), en 5 mM, pH 5.0 amortiguador de succinato (con, por ejemplo, con
VEGF 1.8 mg/ml, 0.0036% polisorbato 20 y 100 mM dehidrato de

trehalosa).

[0170] Se considera que la especificacion es suficiente para
permitirle a un experto en el arte poner en practica la invencién. Se
entiende que los ejemplos e incorporaciones descritos en esta solicitud
son para propositos ilustrativos tunicamente. Por supuesto, varias
modificaciones de la invencion, ademés de las mostradas y descritas en
esta solicitud, se hardn evidentes a los expertos en el arte, a partir de la
descripcion anterior, y caeran dentro del ambito de las reivindicaciones

adjuntas.
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REIVINDICACIONES
Reivindicamos:

1. Un método de acelerar la cicatrizacion de una herida en un sujeto,
método que comprende: administrar una cantidad efectiva de VEGF a
una herida, en donde la administracion de la cantidad efectiva de VEGF
acelera la cicatrizacion de una herida en mas del 60%, cuando se

compara con un control.

2. El método de la retvindicacion 1, en donde la aceleracidon de la
cicatrizacion de una herida es igual o mayor a 74%, cuando se compara

con el control.
3. El método de la reivindicacion 1, en donde la aceleracion de la
cicatrizacion de una herida se evalta por el % de reduccién en el area de

la herida.

4, El método de la reivindicacion 3, en donde el area de la herida es

alrededor de 0.4 cm? o mas antes del tratamiento.

5. El método de la reivindicacion 3, en donde el area de la herida es

alrededor de 1.0 cm” 0 mas antes del tratamiento.
6. El método de la reivindicacion 1, en donde la aceleracion de la
cicatrizacion de una herida se evalua por la tasa de cicatrizacion

completa de una herida

7. El método de la reivindicacion 1, en donde la herida es una ulcera

de pie diabético.
8. El método de la reivindicacion 1, en donde la cantidad efectiva de
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VEGF se administra por lo menos tres veces a la semana.

9. El método de la reivindicacion 1, en donde la cantidad efectiva de

VEGF se administra por lo menos durante seis semanas.

10.  El método de la reivindicacién 1, en donde la cantidad efectiva de

VEGF se administra hasta que hay un cierre completo de la herida.
11.  El método de la reivindicacién 1, en donde el VEGF es VEGF .

12. El método de la reivindicacion 1 u 11, en donde el VEGF es

VEGF humano recombinante.

13. El método de la reivindicacion 1, en donde la administracidn es

topica.

14. El método de la reivindicaciéon 1, en donde el VEGF esta en una

formulacion para administracion topica.

15. El método de la reivindicacion 1, en donde la herida es una herida

cronica.

16. El método de la reivindicacion 1, en donde la herida es una tlcera
por presion, una ulcera de decubito, una tlcera venosa, una quemadura,

una herida quirurgica, o una herida normal.
17.  El método de la reivindicacion 1, en donde el sujeto se estd
sometiendo o se ha sometido a tratamiento, en donde el tratamiento

retrasa o produce una cicatrizacion ineficaz de una herida.

18. El método de la reivindicacion 1, en donde el sujeto tiene una

enfermedad secundaria, en donde la enfermedad secundaria retrasa o
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produce una cicatrizacion ineficaz de una herida.

19.  El método de la reivindicacion 18, en donde la enfermedad

secundaria es diabetes.

20. El método de la reivindiéacién 1, en donde la cantidad efectiva de

VEGF es alrededor de 20 pg/cm? a alrededor de 250 ng/em?.

21.  El método de la reivindicacion 20, en donde la cantidad efectiva

de VEGF es alrededor de 24 pg/cm?.

22.  El método de la reivindicacién 20, en donde la cantidad efectiva

de VEGF es alrededor de 72 pg/cm®.

23.  El método de la reivindicacion 20, en donde la cantidad efectiva

de VEGF es alrededor de 216 pg/cm?.
24.  El método de la reivindicacion 1, en donde el sujeto es humano.

25. Un método de acelerar la cicatrizacion de una herida en un sujeto
humano, método que comprende administrar una cantidad efectiva de
VEGF a una herida, en donde la administracion de la cantidad efectiva
de VEGF acelera la cicatrizacion de una herida en mas del 60%, cuando
se compara con un control, y en donde la herida esta presente en el sujeto

durante alrededor de 4 semanas o mds, antes de administrar la cantidad

efectiva de VEGF.
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WRITTEN OPINION OF THE Inlt;rnational application No.

INTERNATIONAL SEARCHING AUTHORITY PCTAS2006/023318
Box No.! Basis of the opinion \
1. With regard to the language, this opinion has been established on the basis of: V\(é
@ the international application in the language in which it was filed ~

(0 a translation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

2. With regard to any nucleotide and/ior amino acid sequence disclosed in the international application and
necessary to the claimed invention, this opinion has been established on the basis of:

a. type of material:
O asequence listing
O table(s) related to the sequence listing

b. format of material:
O on paper
O in electronic form

¢. lime of filingAurnishing:
[J contained in the international application as filed.
[l filed together with the international application in electronic form.
[0 furnished subsequently to this Authority for the purposes of search.

3. [ In addition, in the case that more than one version or copy of a sequence listing andbr table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional

copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

4, Additional comments:
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WRITTEN OPINION OF THE - . International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAIS2006023318
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Box No. lll Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non 7~
obvious), or to be industrially applicable have not been examined in respect of ' /{

(0 the entire international application
claims Nos. 1-25 1A

because:

[ the said international application, or the said claims Nos.  relate to the following subject matter which
does not require an international search (specify):

O the description, claims or drawings (indicate particular elements below) or said claims Nos.  are so
unclear that no meaningful opinion could be tormed (specify):

Q) the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion
could be formed (specify):

Xl no international search report has been established for the whole application ar for said claims Nos. 1-25 |1A

[0 ameaningful opinion could not be formed without the sequence listing; the applicant did not, within the
prescribed time limit;

O furnish a sequence listing on paper complying with the standard provided for in Annex C of the
Administrative Instructions, and such listing was not available to the International Searching
Authority in a form and manner acceptable to it.

0 furnish a sequence listing in electronic form complying with the standard provided for in Annex C
of the Administrative Instructions, and such listing was not available to the International Searching
Authority in a form and manner acceptable to it.

£ pay the required late furnishing fee for the furnishing of a sequence listing in response to an
invitation under Rules 13¢er.1{a) or (b).

00 a meaningful opinion could not be formed without the tables related to the sequence listings; the applicant
did not, within the prescribed time limit, furnish such tables in electronic form complying with the technical
requirements provided for in Annex C-bis of the Administrative Instructions, and such tables were not
available to the International Searching Authority in a form and manner acceptable to it.

0O  the tables related to the nucleotide andbr amino acid sequence listing, if in electronic form only, do not
comply with the technical requirements provided for in Annex C-bis of the Administrative Instructions.

O See Supplemental Box for further detalils
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAIS2006/023318

Box No.V  Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement 5
s

Novelty (N) Yes: Clams  20-23 -
No: Claims 1-18, 24-25 '

Inventive step (1S) Yes: Claims -
No: Claims 1-25

Industrial applicability (IA) Yes: Claims, 1-25 see separate sheet
No: Claims - *

2. Citations and explanations

see separate sheet
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WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING

International application Noi. i\

AUTHORITY (SEPARATE SHEET) PCT/US2006/023318

Be ltem ill |
Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

1-

Claims 1-25 relate to subject-matter considered by this Authority to be covered by the
provisions of Rule 67.1(iv) PCT. Consequently, no opinion will be formulated with respect
to the industrial applicability of the subject—matter of these claims (Article 34(4)(a)(l)
PCT).

2-  Claim 1 does not meet the requirements of Article 6 PCT in that the matter for which
protection is sought is not defined. Claim 1 attempts to define the subject-matter in terms
of-the result to be achieved: "accelerates wound healing greater than 60% when
compared to control”. This feature is therefore not restrictive. The same applies to claims
2-25,

Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement '

3-

D1:

D2:
D3:

D4:
- D5:

D6;

Reference is made to the following documents:

GENENTECH WEB PAGE: "PRO-128115 diabetic foot ulcer” 18 May 2004 (2004 -05- -
18), XP002404950 Retrieved from the Internet: URL:www.prous.coms -
KR 2002 020 564 A (GOODGENE INC [KR]) 15 March 2002 (2002-03-15)

WO 98/46249 A (RADIX ORGANIZATION INC [US]; CHEMO PATHOLOGY RESOUR
CENTER [US]) 22 October 1998 (1998-10-22)

US 2003/180259 A1 (BREM HAROLD [US]) 25 September 2003 (2003-09-25)

"TOP 10 BIOPHARMA" July 2004 (2004-07), pages 110-112, XP002404951 Retrieved
from the Internet: URL:www.contractpharma.coms [retrieved on 2006-10-27]

US-B1-6 479 654 (BAIRD ANDREW [US] ET AL) 12 November 2002 (2002-11-12)

3.1- The relevant passages are those indicated in the search report, unless otherwise

specified.

Form PCT/ISA/237 (Sepamte Sheet) (Sheet 1) (EPO-April 2005)




WRITTEN OPINION OF THE International application No. il
INTERNATIONAL SEARCHING :
“AUTHORITY (SEPARATE SHEET) PCT/US2006/023318 —

NOVELTY - Art. 33 (1) and (2) PCT
4- Claims 1-19, 24-25 are not novel:

4.1- D1 mentions the phase I clinical studies of PRO-128115 (VEGF) as wound healing agent
for diabetic ulcer (in particular diabetic foot ulcer). Claims 1-3, 6, 7, 11, 12, 13, 14, 15,
16, 17-18, 24-25 lack novelty.

D2 mentions the use of VEGF for treating diabetic foot ulcer, and is therefore novelty
destroying for the subject matte of claims 1-3, 6, 7, 12, 13, 14, 15, 16, 17-19, 24-25 lack
novelty.

D3 relates to the use of VEGF for treating ulcers and is novelty destroying for the subject
matter of claims 1-6, 8, 10, 12-18, 24, 25.

D4 discloses the use of VEGF for treating diabetic ulcers and is novelty destroying for
the subject matter of claims 1-6, 8-19, 24, 25.

DS mentions the use of PRO128115 for wound healing and is therefore novelty
destroying for the subject matter of claims 1-6, 10-14, 24, 25,

D6 discloses the use of VEGF for treating ulcers and anticipates the subject matter of
claims 1-6, 12-16, 25.

INVENTIVE STEP - Art. 33 (1) and (3) PCT

5-  The features of claims 20-23 are merely some of several straightforward possibilities
from which the skilled person would select, in accordance with circumstances, without
the exercise of inventive skill, in order to solve the problem posed, in view of the
available prior art documents, taken alone or in combination. No inventive step can be
acknowledged for the subject matter of claims 1-25.

INDUSTRIAL APPLICABILITY - Art. 33 (1) and (4) PCT

Form PCT/ISA/237 (Separate Shest) (Shaet 2) (EPO-April 2005)




WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING -
AUTHORITY (SEPARATE SHEET)

6-

For the assessment of the present claims 1-25 on the question whether they are
industrially applicable, no unified criteria exist in the PCT Contracting States. The
patentability can also be dependent upon the formulation of the claims. The EPO, for
example, does not recognize as industrially applicable the subject-matter of claims to the
use of a compound in medical treatment, but may allow, however, claims to a known
compound for first use in medical treatment and the use of such a compound for the
manufacture of a medicament for a new medical treatment.

When / if carrying out amendments, and in order to facilitate the examination of the
conformity of the amended appilication with the requirements of Article 34(2)(b) PCT, the
applicant is requested to clearly identify the amendments carried out, no matter wether
they-concern amendments by addition, replacement or deletion, and to indicate precisely

the passages of the application as filed on which these amendments are based (also

rule 66.8 (a) PCT).

Only amendments with a clearly identified basis on the application as originally filed will
be taken into account for the international preliminary examination report.

Form PGTASA237 (Separate Sheet) {Sheet 3) (EPO-April 2005)

PCT/US2006/023318 \~

—

International application No. (5 B




Bitte beachten Sie, dass angefiihrte Nichtpatentliteratur (wie z.B.
wissenschaftliche oder technische Dokumente) je nach geltendem Recht
dem Urheberrechtsschutz und/oder anderen Schutzarten fir schriftliche
Werke - unterliegen konnte. Die- Vervielfdltigung urheberrechtlich
geschitzter Texte, ihre Verwendung in anderen elektronischen oder
gedruckten Publikationen und ihre Weitergabe an Dritte ist ohne
ausdruckliche Zustimmung des Rechtsinhabers nicht gestattet.

Veuillez noter que les ouvrages de la liitérature non-brevets qui sont
cités, par exemple les documents scientifiques ou techniques, etc.,
peuvent étre protégés par des droits d'auteur et/ou toute autre protection
des écrits prévue par les légisiations applicables. Les textes ainsi
protégés ne peuvent éfre reproduits ni utilisés dans d'autres publications
électroniques ou imprimées, ni rediffusés sans l'autorisation expresse du
titulaire du droit d'auteur.

Please be aware that cited works of non-patent literature such as
scientific or technical documents or the like may be subject to copyright
protection -and/or any other protection of written works as appropriate
based on applicable laws. Copyrighted texts may not be copied or used
-in other electronic or printed publications or re-distributed without the
express permission of the copyright holder.
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- PHARNMA

TOP 10 BIOPHARMA

e

2 GENENTECH

1 DNA Way

South San Francisco, CA 94080
Tel: (650) 225-1000
wwiw.gene.com

HEADCOUNT 6,226

YEAR ESTABLISHED 1976

BIOPHARMACEUTICAL REVENUES §2.621 +21%
TOTAL REVENUES $3300 +28%
ROYALYY REVENUES $500 +37%
NET INCOME $563 +760%
R&0 BUDGET S722 +16%

DRUGS APPROVED/LAUNCHED

Drug Indication

RITUXAN rheumatoid arthritis

RAPTIVA chronic plaque psoriasis

AVASTIN metastatic colorectal cancer
DRUGS PENDING

Drug Indlcation

NUTROPIN & idiopathic short stature

NUTROPIN AQ

DRUGS IN PHASE (1B AND BEYOND

Drug Indication

HERCEPTIN adjuvant breast cancer

LUCENTLS age-related macular degeneration

NUTROPIN DEPOT adult growth hormone deficiency

RITUXAN aggressive frontline
HEMATOLOGY/  non-Hodgkin's lymphoma
ONCOLOGY :

RITUXAN ANCA-associated vasculitis, lupus, refractory
IMMUNOLOGY theumatoid arthritis

TARCEVA lung cancer, pancreatic cancer

XOLAIR pediatric asthma

VELETRI acute heart failure

Genentech js it. Science magazine named it as “the top

employer and most admired company in the biotechnology
and pharmaceutical industries” for the second year in a row. In
addition, the organization was voted ane of Foriune's “100 Best
Companies To Work For” for the sixth consecutive year.

The San Francisco Bay Area company also pulled out a
solid sales year. For 2003, the company’s rheumatoid arthritis
drug Rituxan, raked in nearly $1.5 billion in sales, an increase
of 28% compared to 2002. Overall, the company’s revenues

If-you're logking for a good company to work for,

110 ConTraCT PHARMA * JulylAugust 2004

EARLY RESEARCH PROJECTS

Drug Indication
OMNITARG breast cancer, lung concer, ovarian cancer,
prostate cancer

RAPTIVA psoriatic arthritis

RITUXAN moderate-to-severe rheumatoid artheitls,
IMMUNOLOGY multiple sclerosis

TARCEVA glioblastoma multiforme

xoLam peanut allergy

G-024856 basal cell carcinoma

PRO1762 cancer therapy
(APOZL/TRAIL)

PRO70769 .. sheumatoid arthritis
(ANTI-CD 20}

PRO128115 (VEGF} wound healing

TOP SELLING DRUGS

Drug tndication S {+/- %i
RITUXAN non-Hodgkin's $148%  +28%
lymphoma
HERCEPTIN  breast cancer 8425 +10%
NUTROPIN/  growth hormone 3 +8%
PROTROPIN

Account for 85% of tatal biopharma sales, same a5 in 2002

KEY PERSONNEL
Arthur 0. Levinson, Ph.D.
chairman and chief executive officer
Susan Desmond-Hellmann, M.0,, M.P.H.
executive vice president, development and product gperations,
chief medical officer -
Louis J. Lavigne, Jr.
executive vice president, chief finandial officer
Richard H. Scheller, Ph.D.
senior vice president, research
Myrtie 5. Potter
executive vice president commercial operations,
chief operating offiver

also increased 28% to more than $3.0 billion. Higher revenues
were buttressed by the rapid launches of Xolair (asthma) in
July 2003 and Raptiva (chronic plaque psoriasis) in Novemnber
2003. In early 2004, the company followed the same rapid
launch strategy with Avastin {metastatic colorectal cancer),
shipping product the same day the FDA approved the compa-
ny's BLA. The company’s total product sales for 2003 totaled
§2.6 billion, an increase of 21% compared to 2002. The compa-
ny's financial results also benefited from increased contract
revenues, which totaled $177.9 million compared to $54.5 mil-

www.contractpharma.com




PHARMA

SHARM. TOPlO BIOPHARMA

* Hon in 2002. The increase was due to_higher revenues from
product opt-ins and reimbursement on development efforts
from ongoing collaborations.

The company continues its efforts for added indications for
therapies, in addition to novel drugs. So far, the FDA has
approved Avastin to be used in combination with intravenous
5-Fluorouracil-based chemotherapy as 2 {reatment for
patients with first-line (previously untreated) metastatic can-

_ter of the colon or rectum. Avastin is the first FDA-approved
therapy designed to inhibit angiogenesis, the process by
which new blood vessels develop, which is necessary to sup-
port tumor growth and metastasis. Avastin is currently in
Phase IIl trials for adjuvant colorectal cancer, metastatic
breast cancer, non-smaell cell lung cancer, pancreatic cancer
and renal cell carcinoma. Riluxan is also in Phase 111 trials for
aggressive frontline non-Hedgkin’s lymphoma, indolent
frontline nop-Hodgkin's lymphuema (for which the company
is preparing the filing), indolent maintenance non-Hodgkin's
lymphoma, as well as relapsed chronic lymphocytic leukemia.
The drug has also shown promise in Phase I trals for
theumatotd arthritis. '

However, it's not all wine and roses for the world’s number
two Biopharma. Genentech and Alkermes recently decided to
discontinue commercialization of Nutropin Depat. The deci-
slon was based on the significant resources required by both
companies to continue manufacturing and commerdalizing the
product. Nutropin Depot, approved in 1999 by the FDA as a
treatment for growth hormone deficiency in pediatric patients,
is a long-acting form of Genentech’s human growth hormone
using Alkermes’ Prolease injectable extended-release drug

3 SERONO

delivery system. “We are committed to patients who require

growth hormane therapy and will continue to provide aptions -

through our current Nutropin line,” commented Susan
Hellmann, M.D., M.PH., president, product development at
Genenlech. “We will collaborate with physicians and the
endocrine community over the next several weeks to ensure
existing Nutropin Depot patients are informed and transi-
tioned appropriately. Our goal is to work to ensure that
patients’ therapies are not disrupled during the transition.”
The company is also hard at work at preventing generic
bivlogicals from entering the market. Genentech recently filed

a petition with the FDA to prevent the agency from publishing

a guidance aimed at showing how a new biological drug is
similar enough to an existing therapy shown to be safe and

elfective. Companies such as Genenlech and Amgen claim that |’
their biological drugs are quite camplicated and very difficult -
to copy. Therefore, relying on their efficacy and safety testing -
data would be unsafe. Generic drug makers are clamoring for

a piece of the biclogical drug market pie, which in the U.S.

alone, was estimated at $22 billion for 2003. These generic ;‘;
companies are insisting that they can safely produce these bio- -

logical drugs.

If the FDA publishes this guidance (and insiders are saying
it's a done deal) then the issue will be taken to court, as gener- .
ic biologicals are not covered under the Hatch-Waxman Act -

that allowed small molecule generics to enter the market in

1984. And you can bet Senator Orrin Hatch (R-UT) won'tbe far
behind with his support for cheaper, generic biologicals. . -

Genentech will fiercely defend its ground, but it looks like an
uphill battle. M--5WM

Chemin des Mines Sbhis
PO Box 54 :
1211 Geneva 20
Switzertand

Tel: -(44) 22 739 3000
WWW.SEIono,. com

HEADCOUNT 4,597

YEAR ESTABLISHED 1987 .-

BIOPHARMAGEUTICAL REVENUES  SLB58 +31%

TOTAL REVENUES $2,019 +31%

ROYALTY REVENUES 5161 +31%
© HEY INCOME $390 +21%

RED BUDGET $468 +319%

DRUGS APPROVED/LAUNCHED
Drug Indication
ZORBTIVE short bowel syndrome

112 CONTRACT PHARMA * JulylAugust 2004

DRUGS PENDING

Drug Indication
LUVERIS female infertility
GONAL-F dosage form
PREFILLED PEN
RAPTIVA psoriasis
SAIZEN small gestational age babies

|1 PRUGS IN PHASE 11B AND BEYOND

Drug Indigatlon
MICRDENCAPSULATED female-infertility
R-FSH
ANASTROZOLE ovulation induction, improved (ollicular

development
EMFILEAMIN (R-LIF} embryo implantation enhancement
ATEXAKIN-A (R4L6)}  peripheral neuropathy
SEROSTIM | HARS/lipodystrophy
RINTERFERON BETA chronic hepatitis C in Asian patients

. www.contractpharma.com .
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Under Activo Development
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Recombinant Vascular Endothelial Growth {VEGF)
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PRO-128115 ’

Development Stotus - Launched, Registered ar Under Active Development
Country/Arca Phase Organization Brand Name Condition Nates
Phase I Genentech Ulcer, diabetic  Tepical {In patients with diabetic faot ulcers)
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il

A x
[n: Et VEGF165 MUVEGF165 mut-0IVEGF16S
' VEGF

90

<110> ‘GOODGENE INC.

<120>. Vecto¥ comprising human VEGF mutant homodimex and a linker,
transformants and proteins

<130> lee00-260

60> 7
<170> KopatentlIn 1.71
<210> 1

<211> 1116
<212> DNA
<213> Artificial Sequence

<220>
<223> human VEGF mutant homodimer gene and a linker sequence
<220>
<221> CcbDs
£222> (1) ..(1113)

<400> 1
atg aac ttt ctg ctg tet tgg gtg cat tgg age cte gec ttg ¢ty cte . 48
Met Asn Phe Leu Leu Ser Trp Val His Trp Ser Leu Ala Leu Leu Leu

1 5 10 15
tac cte cac-cat geo aaq tgg tcoc cag get gea cce atg geca gaa gga , 96
" ir Leu His His Ala Lys Trp Ser Gln Ala Ala Pro Met Ala Glu Gly o
20 25 30 -
gga ggg cag aat cat cac gaéfgxg gty dag ttd'atg gat gtec tat cag 144
Gly Gly Gln Asir His His Glu Val Val Lys Phe Met Asp Val Tyr GIn
35 - 40 45
cge age tac tge cat cca ate gag acc ctg gtg gac atc tte cag gag 192
Arg Ser Tyr Cys His Pro Xle Glu Thr Leu Val Asp Ile Phe Gln Glu
50 55 60

tac cct gat gag ate gag tac ate ttc aag ceca tee tgt gtg cec ctg 240
Tyr Pro Asp Glu Ile Glum Tyr Ile Phe Lys Pro Ser Cys Val Pro Leu

65 70 75 80

atg cga tgc ggg ggcTtgc tge aat gac gag gge ctg gag tgt gtg cce 288

- 11 -




Met.

act

caa
Gln

gaa
Glu

cect
Pro
145
tgt
Cys

ctt
Leu

ggc
Gly

acg

T Met

gat
Asp
225

- ate

Ile

tgt
Cys

gag
Glu

-8

cac
His
305
aat
Asn

gat
Asp

Arg

gag
Glu

ggc
Gly

tge
Cys
130
tge
Cys

aaa
Lys

gaq
Glu

gge
Gly

gca
Ala
210
gte
val

ttoe
Phe

gtg
val

tgt
Cys

aaa
Lys
290
aac
Asn

cee
Pxo

ceg
Pro

Cys

gag
Glu

cag
GLn
115
aga
Axrg

tea
Ser

tgt
Cys

tta
Leu

ggc
Gly
1985
gaa
Glu

tat
Tyr

cag
Gln

cee
Pro

gtg
val
275
cet
Pro

aaa
Lys

tgt
Cys

cag
Gln

Gly

tee
Sex
100
cac
His

cca
Pro

gayg
Glu

tee

Ser

aac
Asn
180
age
Ser

dga
Gly

cag
Gln

gag

Glu
ctg
260

cece
Pro

cac
His

tgt
Cys

g99

Gly

acqg
Thy
340

Gly

85
aac
Asn

ata
Ile

aayg
Lys

cgyg
Arg

tgc
Cys
165
gaa
Glu

ggc
Gly

gga
Gly

cge
Arg

tac
Tyr
245
atg
Met

act
Thr

caa
Gln

gaa
Glu

cct
Pro
325
tgt
Cys

Cys Cys

atc acc
Ile Thr

gga gag
Gly Glu

aaa gat
Lys Asp
135
aga aag
Arg Lys
150
aaa aac
Lys Asn

cgt act
Arg Thr

ggc ggc
Gly Gly

ggg cag
Gly Gln
215
agc tac
Ser Tyr
230
cct. gat
Pro Asp

cga tgc
Arg Cys

gag gag
Glu Glu

ggc cag
Gly Gln
295
tge aga
Cys Arg
310
tge tea
Cys Sex

aaa tgt.

Lys Cys

Asn

atg
Met.

atg
Met
120
aga
Arg

cat
His

aca
Thx

tgc
Cys

ggc
Gly
200
aat
Asn

tge
Cys

gag
Glu

999
Gly

tec
Sex
280
cac
His

cea
Pro

gag
Glu

tee
Ser

Asp

cag
Gln
105
age
Ser

gca
Ala

ttg
Leu

gac
Asp

aga
Arg
185
agc
Ser

cat
Ris

cat

‘His

atc
Ile

gge
Gly
265
aac
Asn

ata
Ile

aag
Lys

cgg
Arg

tge
Cys
345

Glu

a0
att
ile

tte
Phe

aga
Arg

ttt
Phe

teg
Ser
170
tgt
Cys

ggc
Gly

cac
His

cea
Pro

gayg
Glu
250
tgc
Cys

atc
lle

gga
Gly

aaa
Lys

aga
Arg
330
aaa
Lys

Gly

atyg
Met

cta
leu
caa
Gln

.gta

Val
155
cgt
Arg

gac
Asp

ggc
Gly

gaa
Glu

atc
Ile
235
tac
Tyx

tgc
Cys

ace
Thx

gag
Glu

gat
Asp
315
aayg
Lys

aac
Asn

Leu

cqgg
Arg

cag
Gln

gaa
Glu
140
caa
Gln

tge
Cys

aag
Lys

ggc
Gly

gty
Val
220
gag
Glu

atc
Ile

aat
Asn

atg
Met

atg
Met
300
aga
Arg

cat
His

aca
Thr

-~ 12 -

Glu

atc
Ile

cac
His
1256
aat
Asn

gat
Asp

Bag
Lys

coy
Pro

ggc
Gly
205
gtg
val

ace
Thr

tte
Phe

gac
Asp

cag
Gln
285
age
Ser

gca
Ala

tty
Leu

gac
Asp

Cys

aaa
Lys
110
aac
Asn

cece
Pro

cey
Pro

acy
Ala

agy
Arg
190
agc
Ser

aag
Lys

ctyg
Len

aag
Lys

gag
Glu
270

att

Ile

tte
Phe

aga
Arg

ttt
Phe

teg
Sexr
350

Val

95
cot
Pro

aaa
Lys

togt
Cys

cag
Gln

agyg
Arg

Pro

cac
His

tgt
Cys
g9d9
Gly
acy
Thr
160

cag
Gln

175 7

cgy
Arg

gca
Ala

tte
Phe

gtg
Val

cca
Pro
255
gge
Gly

atg
Met

cta
Leu

caa
Gln

gta
val
335
cgt
Axg

ggc
Gly

cce
Pro

atg
Met

gac
Asp
240
tee
Ser

ctyg
Leu

cgg
Arg

caqg
Gln

gaa
Glu
320
caa
Gln

tgc
Cys

336

384

432

480

528

576

624

672

720

768

.816-

864

912

960

1008

1056

) 1




‘aag gcg agg cag ctt gag tta aac gaa cgt act tgc aga tgt gac aag
iLys Ala Arg Gln Leu Glu Leu Asn Glu Arg Thx Cys Arg Cys Asp Lys

355

ccg agg cgg
Pro Arg Arg

<210>
<21i1>
<212>
<213>
<400>

Met
1
Ty
Gly
Arg
Tyx
© 65
Met
;ur
" Gln
Glua
Pro
145
Cys
Leu
Gly

Met.

P
225
Ile
Cys
Glu

Ile

His

370

Asn
Leu
Gly
Sex

50
Pro
Axg
Glu
Gly
Cys
130
Cys
Lys
Glu
Gly
Ala
210
Val
Phe
Val

Cys

Lys
290

2

371
PRT
Artificial Sequence
2

Phe
His
Gln

35
Tyr
Asp
Cys
Glu
Gln
115
Arg
Ser
Cys
Leu
Gly
19S5
Glu
Tyx
Gln
Pro
Val

275
Pro

Asn .Lys

tga

Leu
His

20
Asn
Cys
Glu
Gly
Ser
100
His
Pro
Glu
Ser
Asn
180
Ser
Gly
Gln
Glu
Leu
260
Pro

His

Cys

Leu
5
Ala
His
His
Ile
Gly
85
Asn
Ile
Lys
Arg
Cys
165
Glu
Gly
Gly
Axg
Tyr
245
Met
Thr

Gln

Glu

- —

Ser
Lys
His
Pro
Glu

70
Cys
Ile
Gly
Lys
Arg
150

Lys

Arg

Gly

Gly
Ser
230
Pro
Arg
Glu

Gly

Cys

Trp
Trp
Glu
Ile

55
Tyr
Cys
Thr
Glu
Asp
135
Lys
Asn
Thr
Gly
Gln
215
Tyx
Asp
Cys
Glu
Gin

295
Arg

360

Val
Ser
val

40
Glu
Ile
Asn
Met
Met
120
Arg
His
Thr
Cys
Gly
200
Asn
Cys
Glu
Gly
Ser
280
His

Pro

His
Gln

25
val
Thr
Phe
Asp
Gln
105
Ser
Ala
Leu
Asp
Arg
185
Ser
His
His
Ile
Gly
265
Asn

Ile

Lys

Trp

10
Ala
Lys
Leu
Lys
Glu
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. 60
Ser
Leu
Arg
Gln
Glu
140
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285

Ser

Ala

Leu
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270
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Cly
Gln
Glua
Leu
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His
Cys
Gly
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Gly
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240
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. 305 , 310 - 315 320
- Asn Pro Cys Gly Pro Cys Ser Glu Arg Arg Lys His Leu Phe Val Gln
| A 325 330 ~ 335

Asp Pro Gln Thx Cys Lys Cys Ser Cys Lys Asn Thr Asp Sex Arg Cys

340 345 -~ 350
Lys Ala Arg Gln Leu Glu Leu Asn Glu Arg Thr Cys Arg Cys Asp Lys
355 _ 360 T 365
Pro Arg Arg
-370 -
<210> 3
<211> 29

<212> DNA

<213> Artificial Sequence

220>

£223> Forward primex for cloning of wildtype human VEFG
<400> 3

gaagatctat gaactttetg ctgtcttgg

<210> 4

<211> 28

<212> DNA T

€213> Artificial Sequence

<220> .
23> Backward primer for cloning of wildtype human VEFG
-<00> 4 ’

ggaattctea cegectegge ttatcaca

<210> 5

<211> 33

<212> DNA

<213> Artificial Sequence

<220>

<223> primer 1 for mutagenesis of human VEGF
<40 5

tgctgeaata agaggggect gaaatgtgtg cec

<210> 6 ‘

<211> 33

<212> DNA

<213> Artificial Sequence

<220> —=

<223> primer 2 for mutagenesis of human VEGF
200> 6 i

gggcacacat ttcaggccec tcttattgea gea- -

<210> 77~ .

<211> 45

<212> DNA

<213> " Artificial Sequence

<220>
<223> linker sequence
<400> 7

ggcggedggcy gcageggegyg cggcggeage ggeggeggcy geage

- 14 -
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28

33

33
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Method of Treating'Gastrointestinal Ulcers and Compositions
Therefor

Field of the Invention _

The present invention relates to methods and compositions for treating
gastrointestingl (G1) ulcers as well as for providing acute gastroprotection,
Examples of Gl ulcers include duodenal ulcers, peptic ulcers, drug-induced
ulcers, or intestinal ulcers, including but not limited to damage due to non-

steroidal (NSAID) and anti-inflammatory drugs, gastro-esphogh&al reflux disease

or inflammatory bowel disease such as ulcerative colitis and Crohn's disease. In

particular, the present invention relates to freatment of a mammal, including'a
human, with vascular endothelial cell growth factor (VEGF), which is also a
potent yasculaf permeability factor (VPF), to prbvidejhea!ing of Gl ulcers or to
provide acute gastroprotection.

| Background of the Invention

The vascular system of organs and tissues develops by either of two
processes, vasculogenesis or angiogenesis. Vasculogenesis is the de novo
formation of blood vessels from differentiating endothelial cell precursors or
angioblasts. Angiogenesis, the sprouting of new capillaries from pre-existing
blood vessels, further refines the vascular network and is the principal process
by which certain organs, such as the stomach, intestine or brain, become
vascularized. Vasculogenesis and angiogenesis are complex multistep
processes that involve remodelling of the extracellular matrix, migration and

proliferation of endothelial cells, lumen formation and functional maturation of

blood vessels. Muitiple celi-celt or cell-extracellular matrix interactions occur,

which require signalling via soluble or cell-bound molecules. A variety of .
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molecules have been impliéated in these processes, in particular angiogenic
growth factors and their endothelial receptors and cell adhesion molecules.
Soluble secreted molecules are likely to function as paracrine signalling
molecules in these processes. Recent evidence suggests that the angiogenic
factor vascular endothelial cell growth factor (VEGF) and its cellular receptors lie
at the heart of the regulatory network controiling blood vessel growth and
differentiation in both embryonic development and several angiogenesis-
dependent diseases. While proliferation of the vascular endothelial cells is vital
to angiogenesis, uncontrolled proliferation can lead to cancer and metastasis,
diabetic retinopathy, atherosclerosis, Theumatoid arthritis, synovitis, psoriasis,
dermatitis, endometriosis, encephalitis, and tonsilitis.

VEGF is a disulfide-linked 46-kDa dimeric glycoprotein first isolated from
media conditioned by bovine folliculo stellate cells and its partial amino acid
séquence determined (Gospodarowicz et al., PNAS 86(19):7311-7315; Ferrara
and Henzel, BBRC 161(2):851-858 (1989)). [t has several properties expected
of a candidate regulator of angiogenesis: it is secreted by normal and tumor cell

- lines; its is an endothelial-cell-specific mitogen; it is angiogenic in in vivo test

systems such as the chorioallantoic membrane and the rabbit cornea,; it is
chemotactic for endothelial cells and monocytes; and it induces in endothelial
cells the production of plasminogen activators, which are involved in the
proteolytic degradation of the extra-celiular matrix during capillary sprouting.
Several VEGF isoforms are known, which have similar biological activities but
differ in their secretion from producer cells and in heparin binding (Georg Breier
and Werner Risau, Trends in Cell Biology, 6:454-456( December 1996)).

US Pat. Nos. 5,194,596 and 5,219,739, which are hereby incorporated by
reference, disclose methods and means for producing vascular endothelial cell
growth factor by means of recombinant DNA technology, such as bovine VEGF
sub 120, bovine VEGF sub 164, human VEGF sub 121 and human VEGF sub

—
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165, for use as a wound héaling agent following vascular graft surgery, balloon
angioplasty or to promote collateral circulation in post-myocardial infarction
patients or in the treatment of wounds, such as dermal ulcers, including pressure

- sores, venous ulcers and diabetic ulcers, in the treatment of bums and injuries
where angiogenesis is required to prepare the bumn or injured site for a skin graft
or flap,' in cases where plastic surgery reconstruction is required and
administration to the site of a bone fracture. An additional use relates in keeping
wounds clean and non-infected in association with general surgery and following
the repair of cuts and lacerations. Parenteral and topical compositions are

-disclosed.

= USPat. No. 5,332,671, which is hereby incorporated by reference,
discloses the production of a vascular endothelial cell growth factor and/or
derivatives thereof by recombinant techniques for use in treating conditions in
which a selective action on the vascular endothelial cells, in the absence of

. excessive tissue growth, is important, e.g., surface ulcers such as diabetic,
hemophiliac and varicose ulcers and vascular injuries resutting from trauma such ;'
as subcutaneous wounds, incisions and injuries to the blood vessels or heart.
Compositions for continuous infusion, sustained release, topical application or
injection at empirically determined frequencies are disclosed.

PCT Publication No. 8639515 disclosas DNA encoding human VEGF-2 ...

~ used to develop products to promote angiogenesis (e.g., stimulate growth of
transplanted tissue following coronary bypass surgery) or endothelialisation in
vascular graft surgery. PCT Publication No. 8639421 discloses DNA encoding
human VEGF-3 used to develop products te-promote angiogenesis and wound
healing and to promote vascular tissue repair.

Our previous studies demonstrated that basic fibroblast growth factor

(bFGF) and platelet-derived growth factor (PDGF) which stimulate angiogenesis

and granulation tissue production accelerated experimental duodenal ulcer

ML ——
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healing that was more than two million times more potent on a molar basis that
the similar effect of cimetidine (S. Szabo et al., Gastroenterology, 106:1106-1111
(1994)). )

Summary of the: Invention

Surprisingly, we have discovered that administration of VEGF (VPF),
which is highly specific for endothelial cells, is sufficient for both acute
gastroprotection and chronic Gl ulcer healing in mammals. In particular,
administration of a pharmaceutically effective amount of VEGF, such as from
about 30 ng/kg to about 1000ug/kg, preferably about 80 ng/kg ta about 800
pg/kg, more preferably about 400 ng/kg to about 700 pg/kg per day for about a
week to two months, preferably two to three weeks, results in healing of Gl -
ulcers in a mammal, such as a human. In particdlaf, improved or enhanced
mucosal restoration or prominent stimulation of angiogenesis and granulation
tissue ;;roduction at the ulcer edge results from this treatment.

Similarly, administration of from about 3 1g/kg to about 1000ug/kg,
preferably about BpQ/kg to about 800 pg/kg, more preferably about 400 pg/kg to
about 700 ngrkg VEGF, which is administered from 0 minutes to about 60
minutes prior to potential injury to the Gl tract, such as ingestion of an NSAID or
ethanol, results in acute gastroprotection.

Preferably, the administration is targeted to the Gl tract, such as by oral
administration, for example liquid solutions, immediate release dosage forms,
controlled or sustained release dosage forms, or gastro-retentive dosage forms
or by rectal administraﬁom_ for example enemas or suppositories,

Detailed Description of the Invention
As used herein, the term “VEGF” or "vascular endothelial cell growth
factor” refers to the disulfide-linked 46-kDa dimeric glycoprotein (a mammalian

©
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growth factor) first isolated from media conditioned by bovine folliculo stellate-. .
cells and its partial amino acid sequence determined (éospodarowicz etal,
PNAS 86(19):7311-7315; Ferrara and Henzel, BBRC 161(2):851-858 |
(1989))(hereinafter native VEGF) together with analogé and variants thereof
having the biological activity of the corresponding native VEGF, including human
VEGF, Analogs or variants are defined as molecules in which the amino acid
sequence, glycosylation, or other features of native VEGF have been modified
covalently or noncovalently, such as the analogs or variants disclosed above,
and including salts thereof . An example of VEGF is the human VEGF
obtainable from PeproTech, Canton, MA.

The present invention encompasses administration of a pharmacologically
effective amount of VEGF, such as from about 30 ng/kg-to about 1000 ug/kg,
preferably about 80 ng/kg to about 800 pg/kg, more preferably about 400 ng/kg
to about 700 pg/kg per day for about a week to two months, preferably two fo
four weeks, to treat duodenal ulcers or other Gl ulcers in a mammal, such as a

~ human. Examples of Gl ulcers include but are not limited to duodenal ulcers,

peptic ulcers, drug-induced ulcers, or intestinal ulcers, including but not limited fo
damage due to non-steroidal (NSAID) and anti-inflammatory drugs, gastro-
esphogheal reflux disease or inflammatory bowel! disease such as ulcerative
colitis and Crohn's disease. The treatment regimen may consist of 6ncé'daily
administration .or dividing the daily dose into multipie administrations, such-as
administration from 2 to 4 times per day.

The present invention also encompasses administration of from about 3
png/kg to about 1000 ng/kg, preferably about 8 pg/kg to about 800 pg/kg, most
preferably 400 pg/kg to about 700 pg/kg VEGF to provide for acute
gastroprotection. Typically, the administration of VEGF occurs frdm about 0
minutes to about 60 minutes, preferably from about 0 minutes to about 30
minutes prior to insult to the Gl tract, such as ingestion of NSAIDS or ethanol.

~
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Preferably, the admihistratioh is targeted to the Gl tract. For instance, oral
administration is a preferred administration route. In particular, liquid solutions,
immediate release dosage forms, controlled or sustained release dosage forms
or gastro-retentive dosage forms are pfeferred. Additionally, oral buccal dosage
forms are useful for the delivery of VEGF,

Oral immediate release, sustained release, controlled release, oral buccal
and/or gastro-retentive dosage forms can be prepared from nano- or-
microparticulates including but not limited to biodegradable matrix nano- or
microparticles, nanocapsules, microcapsules or spray-dried vehicles. Emulsions,
~capsules>cr tablets incorporating these nano- or microparticulate forms can be
prepared, Additionally, solid dosage forms can be prepared as tablets, mini-
tablets, beads, capsules, etc., including forms with a controlled/sustained release
coating. In these forms, the VEGF is typically released by erosion, diffusion,
osmotic pressure, or by a combination of these mechanisms. Oral solutions,
including elixirs, emulsions and effervescent solutions, can also be employed in
this invention.

Typical controlled, sustained, or gastro-retentive excipients may include,
but are not limited to, biodegradable polymers or biopolymers, such as poly-
tactide, poly-glycolide, poly(lactide-co-glycolide), other polymers or copolymers of

‘poly(a-hydroxycarboxylic acids), poly(lactones), poly(acetals), poly(orthoesters),~-
poly(alkylcyanoacrylates) or poly(orthcarbonates). Additional excipients useful
for oral administration forms include, but are not limited to, polysaccharides, for
example cellulose derivatives such as etherified cellulose derivatives, including
alkyl celluloses, hydroxyalkyi celluloses, and*allii:lhydroxyalkyl celluloses, for
example, methylcellulose, hydroxyethyl cellulose, carboxymethyl cellulose,
hydroxypropyl methylcellulose, and hydroxypropy! cellulose; starch and
fractionated starch; agar; alginic acid and alginétes; gum arabic; agarose;
carrageenan; dextrans; destins; fructans; chitosans; glycogens; and glucans.

ez .
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Similarly, rectal administration is also a preferred administration route. In
particular, enemas or rectal suppositories are preferred.

While the compositions for administering VEGF are preferably those
which target the VEGF to the Gl tract, such as oral or rectal administration, less
preferred but still useful are compositions adapted for other routes of
administration, such as vaginal or parenteral administration.

Exampfe 1

Chronic duodenal ulcers were induced in Sprague-Dawley female rats
(160-2009) by administering cystéamine-HCl (25 mg/100g) 3 times at 4-hour
intervals by gavage and cortisone (5 mg/100g) s.c. 4 hours after the last dose of
cystemine. To randomize rats with equally severe penetrating or perforated

-duodenal ulcers, the animals were anesthetized and laparatomized on the third
day following treatment with cysteamine-HCl. After randomization, treatment
was started with either vehicle saline (controls) or human VEGF (PeproTech,
Canton, MA) at a dose of 119/100g once daily by gavage for 21 days.

At autopsy, the size of duodenal ulcers was measured, evaluated by
stereomicroscopic planimetry and histologic sections taken. The results
revealed that the size of duodenal ulcers in controls was 7.4 & 1.6 mm?. In
contrast, the size of the uicers in the VEGF-treated group were 1.9 + 0.9 mm?
(p<0.05), histologically accompanied by complete healing or prominent
angiogenesis and granulation tissue production. The density of blood vessels

~ T per x400 maghiﬁcation field in the granulation tissue at the ulcer edge was 8.0 +

0.5 in the controls as oppdsed to 16.9 £ 1.9 (p<0.001) in the VEGF-treated rats.
—Fhus, oral treatment of fats with VEGF (VPF) accelerated the healing of
cysteamine-induced chronic duodenal ulcers. In addition, the healing was

accompanied by complete mucosal restoration and stimulation of angiogenesis
and granulation tissue proguction,

>
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Example 2

To investigate whether VEGF provides acute gastroprotection, groups of '
fasted rats were given by gavage human VEGF (PeprdTech, Canton, MA) at
0.1ug/100g [VEGF group 1] or 129/100g [VEGF group 2] followed by 1 ml of
75% ethanol 30 minutes tater. The control group was treated with 1 m{ of 75%
ethanol only.

Autopsy was performed 1 hour after treatment with the alcohol and the
area of hemorrhagic mucosal lesions (HML) was measured by computerized
stereomicroscopic planimetry. In the controls, HML involved 7.1 + 1.4% of
glandular stomach. VEGF group 1 showed HML which involved 7.7 + 2.7%
while VEGF group 2 showed HML which involved 4.0 + 1.6% (p<0.05) of the
grandular stomach. Thus, VEGF (VPF) exerted gastroprotection which might be
associated with the known acute vascular effects of the peptide.

Example 3

Normally fed female Sprague-Dawley rats (170-200 g) were given 0.1 m!
of 6% iodoacetamide (Sigma) in 1% methyl-cellulose intracolonically (i.c.) with
Nelston catheter 7 cm from the anus to induce ulcerative colitis-like lesions.
From the second day, the rats were treated with vehicle saline or VEGF
(rhVEGF, 38kDa, 165 AA, PeproTech) 10, 100 or 500 ng/100g i.c. once daily
while the clinical signs of the iliness, such as diarrhea, lethargy and weight loss
were }nonitored.‘ On the 10" day, the animals were killed and the area and
severity of colonic lesions were evaluated macroscopically, with

stereomicroscopic planimetry ,and histologically. The results of this evaluation
are tablulated in Table |.

>
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TABLE 1

Treatment Diarrhea Lethargy | Lesion area Severity of
(*p<0.05; **p<0.01) | (Scale:0-3) | (Scale:0-3) (nm?) colitis

' ' {Scale: 0-3)
Vehicle 0.8210.08 | 0.56+0.06 55.948.1 2.340.2
VEGF 10ng/100g 1.0+0.02 0.71+0.18 32.5+14.5 1.540.5*
VEGF 100ng/100g | 0.67+0.1** | 0.47+0.1* 26.116.2** 1.320,2*
VEGF 500ng/100g | 0.60+0.1** | 0.58+0.1 32.7+9.1* 1.8+0.3

Histologic examination revealed extensive granulation tissue production with
partial or complete colonic re-epithelialization. The VEGF (10-500ng/100g)
dose-dependently reduced the severity of diarrhea in the iodoacetami&e—induced
colitis. The VEGF also decreased the area and severity of the colonic lesions.
On a molar basis, these small doses of VEGF indicate that this peptide is very
potent in the healing of not only upper but also lower Gl tract lesions as well.

The skilled artisan in the field would expect that the examples given above
as practiced in the rat are prediciive of healing in other mammals, particuarly

humans,

- L
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What is Claimed is:
1. A method of treating a Gl ulcer in a mammal comprising administering a
pharmacologically effective amount of VEGF to the mammal.

2 A method of providing acute gastroprotection in a mammal comprising
administering a pharmacologically effective amount of VEGF to the mammal.

3. The method of claims 1 or 2, wherein the mammal is a human,

10 ) ,
4— The method of any of the previous claims, wherein the administration of
the pharmaco!ogically effective amount of VEGF is by oral administration.

5. The method of any of the previous claims, wherein the administration of
15 the pharmacologically effective amount of VEGE is by rectal administration.

6. The method of any of the previous claims, wherein the pharmacologically
effective amount of VEGF ranges from about 30 ng/kg to about 1000 pg/kg per
day.
20
7. The method of any of the pre\)ious claims, wherein the administration of
the pharmacologically effective amount of VEGF is once daily.
8. The method of any of the prgyious claims, wherein the Gl ulcer is selected
25 from the group c?:nsistirig of duodenal ulcers, peptic ulcers, drug-induced ulcers,
f;ltestinal ulcers, Gl damage due to NSAID ingestion, Gl damage due to antj-

inflammatory drugs, Gl damage due to gastro-esphogheal reflux disease or Gi
damage due to inflammatory bowel disease.

&




10

15

20

- 25

WO 98/46249 RCT/US98/07686

9. The method of claim 1 or claims 3 through 8, wherein the VEGF is

administered daily from about 1 week to about 2 month to provide for healing of
the Gl ulcer.

10. The methbd of any of claims 2 through 8, wherein the VEGF is
administered from about 0 minutes to about 60 minutes prior to insult to the Gl
tract to provide acute gastroprotection.

11. A composition for treating a Gl ulcer or for providing acute
gastroprotection in a mammal comprising a phammacologically effective amount
of VEGF in combination with a phamiaceutically acceptable carrier.

12. The composition of Claim 11, wherein the composition is adapted to target
release to the Gi tract. ‘

13.  The composition of either claim 11 or 12, wherein the pharmacologically
effective amount of VEGF ranges from about 30 ng/kg to about 1000 pg/kg.

14.  The composition of any of claims 11 through 13, wherein the

pharmacolagically effective amount of VEGF ranges from about 80 ng/kg to
about 800 ug/kg. '

mree—

15. The composition of any of claims 11 through 14, wherein the composition
is adapted for oral or rectal administration.

&
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16. The composition of any of claims 11 through 15, wherein the
phamaceutically acceptable camier comprises a liquid solution selected from the

group consisting of efixirs, emulsions and effervescent solutions.

17.  The composition of any of claims 11 through 15, wherein the
pharmaceutically acceptable carrier is selected from the group consisting of an
immediate release dosage form, a controlled release dosage form, a sustained
release dosage form, a gastro-retentive dosage form, an oral buccal dosage
form, an enema and a rectal Suppository dosage form.
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57 ABSTRACT

A method and means have been developed (o deliver a
therapeutic dose or dosages of the angiogenic molecule,
Vascular Endothelial Growth Factar (VEGF) that cesulls in

a statically significant decreasc in the time to achieve 100%

wound closure and accelerates the rate of hicaling in experi-
mental diabetic ulcers. Toxicity is evaluated by measuring
any local inflammatory response at the wound site, the
systemic absarption of VEGF, and the effect on distant
organs that may be particularly susceptible 10 VEGF therapy
(e.g., retinopathy and hepatitis) The angiogenic response is
quantified by measuring the chaage in collagen deposition,
cpithelialization, and the closure rates of diabetic ulcers after
therapeutic dosing with ADV-VEGF. Sustained administra-
tion of VEGF stimulates aad accelerates the healing process
as evidenced by a redueed time to complete healing (defined
by 100% epithelialization and no drainage) in experimental
diabetic uicers, with minimal to no toxicity. Important
features of the method and reagents for use (herein are (hat
the VEGF is released into the uleer jn a sufficient quantity
over a pedod of time for at Jeast two to six weeks, or to
closure of the wound.
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METHOD FOR TREATING DIABETIC ULCERS

[0001) This application claims priority 1o U.S, Ser. No.
60/363,584 filed Mar. 12, 2002,

[0002]) The United States government has cerfain rights ia

this iavention by virtue of a NIH, Natiogal Iastitute of
Diabetes and Digestive and Kidney Discases (NIDDK) grant
R21IDK060214-01 and NIH, National Instituie of Diabetes
and Digestive aad Kidney Discases (NIDDK) grant
KO8DK059424-01 1o Dr. Harold Brem.

BACKGROUND OF THE INVENTION

[0003] The present invention is a method of (issue engi-
neering, and specifically relates to administration of angio-
genic factors dirccily to diabetic wouad uleers, in an effec-
tive amount for a sustdined period of time effective to
promole closure.

[0004] Among the 16 million diabetic patients (diagnased
and undiagnosed) in the United Stalcs, an ¢stimated 1200
amputations arc performed cach week (Pecoraro, et al,
Diabetes Care, 1990; 13:213.521); 84% of which are pre-
ceded by a foot uleer. Limb amputation in diabetics is
associated with an increased risk for further amputation,
with a five-year mortality rate of 39 10 68% (Reiber ct al-
Diabetes in America. Washington, D.C.; U.S. Goverament
Printing Office, 1995:409-428). The dircct costs of a lower
extremity amputation range from $20,000 1o $60,000. When
failed vascular reconsiruction, rehabilitation, and losl pro-
ductivity within socicty arc considercd, these costs greatly
exceed financial analysis. The grave consequences, pain,
and suffering endured by patieats with diabetic foot ulcers
mandate determination of the best combination of (herapics
{o prevent progression and, conseuent occurrence of these
complications.

(0005] o addition to amputation, the need to have accel-
crated healing in diabetic patieats with foot uleers is accen-
tualed because these patients bhave impaired immunity
(Geeclings ¢t al, FEMS Immunol Med Microbiol. 1999;3-
4:259-2685; Feige et al., EXS, 1996;77:359-373; Bessman ¢t
al.,J Diabetes Complications. 1992;4:258-262; Abraham, ¢t
al., J Dermatol. 1990;7440-447; Loots el al., J fnvest Der-
matol. 1998;5:850-857; Brown ¢t al, J Surg Rescarch
1994;56:562-570; Greenhalgh et ak, Am J Pathol
1990;1361235-1246). Since unhealed open wounds are por-
tals for systemic infection, they can have particularly dev-
astating effccts for the diabetic patient,

(0005] It is well known that diabetic pattents are predis-
posed to ulceration. This predisposition has multiple ctiolo-
gics, includiog endothelial ccll dysfunction, accelerated ath-
crosclerosis, and peripheral ncuropathy, which relate to the
endothelium and contribute to deficits in healing, One of the
most ceatral etiologies for this predisposition is the reduccd
aagiopenic response in the diabetic patient.

[0007] Recently, local use of growth factors has been
shown 10 be promising for the treatment of diabetic ulcers.
Two new agents have been FDA approved for the treatment
of dinbetic foot uleers. The first, platelet derived grawth
factor (PDGF-BB), has shown efficacy. The second, human
skin equivalent, has also shown eflicacy in the treatment of
diabelic foot ulcers. However, despite their successes, therc
remain several sigaificant problems with these therapies:
neither has demonstrated efficacy ia ischemic diabetic foot
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uleers, and both have a minimum failure rate of 45% in well
vascularized limbs, Although this is better than the failure
rate of standard therapies (i.c., off-loading and saline dress-
ing), the number of amputations and non-healed diabetic
foot ulcers remains excessive. Although botb of these thera-
pics have also demonsirated that local therapy is clinically
cffective in the treatment of diabetic foot uloers, more
therapics are clearly nceded,

[0008] Therefore, it is an object of the present invention to
provide a method and means 1o provide increased blood flow
to diabetic uloers, and thereby promote wound closure.

SUMMARY OF THE INVENTION

[0809] A method and means have been developed to
deliver a therapewtic dose or dosages of the angiogenic
molecule, Vascular Endothelial Growth Factor (VEGF) that
resulls in a statisticeily sigoificant decrease in the time to
achicve substaatially 100% wound closure and accclerates
the rate of healing in experimental diabetic ulcers. Toxicity
is evaluated by measuring any local inflammatory respoase
at the wound site, the systeric absorption of VEGF, and the
cffect on distant organs that may be particulacly susceptible
to VEGF therapy (c.g., retinopathy and hepatitis) The angio-
genic response is quantificd by mecasuvring lhe change in
collapen deposition, cpithelialization, and the closure rates
of diabetic ulcers after therapeulic dosing with adenovical
vector (ADV)-VEGF or VEGF, Sustained adminisiration of
VEGF stimulates and accclerates the healing process as
cvidenced by a reduced time to complete healing (dofined by
100% epithelialization and no drainage) in cxperimeatal
diabetic ulcers, with minimal 10 no toxicily. Important
features of the method and reagents for use thereit arc that
the VEGF is rclcased into the uleer in a sufficicat quaatity
over a period of time for at least two to six weeks, ot to
closure of the wound. The VEGF can be administered
dircctly or as the gene which is expressed at the site in need
of trcaiment.

BRIEF DESCRIPTION OF THE DRAWINGS

(0010] FIG. 1 is a graph of the proliferation of human
vascular cndothelial colls (HUVEGCs) stimulated with the
supcmatant of JC cells infected with adenoviral veclors

.expressing VEGE, as a [unction of number of cells (absorp-

tion) versus dilution of conditioncd supernatant, compared
1o contro] (beta-galactosidase).

DETAILED DESCRIPTION OF THE
INVENTION

[6011] VEGF and Angiogenesis

[0012] Local angiogenic therapy is used to treat onc of the
primary etiologics of complications in patients with diabetic
foot ulcers, decrcased angiogenesis in the wound, It has been
well established that distal bypass alone is aot caough lo
sufficicatly accelerate the healing of most diabetic foot
ulcers,

[0013} There arc mulliple physiological processes that
result in decreased angiogenesis in a diabetic ulcer; includ-
ing: '

[0014] 1.Decrcased VEGF expression in experimen-
tal diabetic wounds. VEGF normally stimulates
endothelial cell proliferation and experimental dia-
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betic wouads show a marked decrease in angiogen-
esis (Frank ct al., J Biof Chem 1995;270:12607-
12613; Tsuboi, et al., J Explorer Med 1990;172:245-
251).

{0015] 2. Eadothelial dysfunction results in scveral
melabolic anomalies in diabetes, including oxidative
stress, byperglycemic pseudohypoxia, nonenzymatic
glycosylation, and activation of the coagulation cas-
cade (Stehouwer ct al., Cardiovase Res 1997:34:55-
68)

[0016] 3. Accelerated atherosclerosis may impair
function by damaging the trapsduction cascades that
synthesize nitrous oxide or by decreasing expression

" of nitrous oxide synthase, consisteat with the finding
of decreased nilrous oxide synthase expression in
skin endathelivm from diabetic paticats (Lizo, ot al.,
J Biol Chem 1995;270:319-324; Veves ¢t al., Dia-

~beres 1998;47:457-463).

[00}7] 4. Neuropathy is associated with endothelium
dependenl and independent dysfunction in diabetic
paticnts, predisposing them to foot ulceration (Pasini
et al., Angiology 1996;47:569-577),

[0018] 5. Arterial occlusive discase is associated with
peripheral neuropathy, manifested as slower conduc-
tion velocity of motor and semsory nerves and
depression of automatic responscs,

[0019] Other factors arc thought to be significant variables
in the teeatment of diabetic wound ulcers, especially (he high
pressure within the wound, which confributes (o the
ischemia and neuropathy, although it has not been apparent
what single factor, if any, could be effective in promoting
wound closure.

[0020] VEGF has been shown to be efficacious in the
treatment of cardiac ischemia and leg ischemia, and it has
demonstrated effectivencss in the treatmem of diabetic
limbs, However, it has not previously been tested in diabetic
uleers. VEGF possesses certain key advantages for use in
diabetic fool ulcers over other angiogenic agents, for
example, basic fibroblast growth factor (bFGF). Although
bFGF has been one of the most widely studied angiogenic
growth [aclors for the treatment of cxperimental diabetic
ulcers (Albertson ct al. Surgery 1993;1 14:368-373), other
chronic wounds (Quirinia, ¢t al., Ann Surg 1998;227:446.
454), and accelerating acute wound healing (Hebda et al., J
Invest Dermarol 1990;95:626-631), it has not been shown to
be cficetive in treating human diabetic ulcers (Richard, ot al.,
Diabetes Care 1995;18:64-69). Unlike VEGF, b{'GF is not
acid stable, which is critical in the low pH cavitonment of
a diabetic wound (Ferrara, et al., Oiochem Biophys Res
Comm 1989; 161:851 -858). The impaired wound healiag in
diabetics may be due ta fibroblast dysfunction (Lerman ef al.
Am, J. Pathol. 2003; 162:303-312). Fibrablasts from dia-
betic db/db mice maintain sclective impairments in multiple
cellular processes which are accentuated by hypoxic envi-
rontcnis such as those in a bcaling wound. These impair.
meants include a severe reduction in VEGF expression, and
telease in response to injury. These changes were only
observed after the development of the diabetic phenotype in
these animals. Additionally, VEGF has been shown 1o be a
more potent 0giogenic molecule than bFGF in experiruca-
tal diabetic wound (Corral, e1 al., Arch Surg. 199; 134:200-

Sep. 25, 2003

5). Also, VEGF levels arc apparcntly decreased by endog-
enous proteases {Lauer, et al., J fnvest Derm 2000;115:12- .
18) in chronic wounds. This provides a basis from which to
develop gene (herapy with VEGF for use in diabetic
wounds. The intcnse and sustained local synthesis of VEGF
by lacal angiogenic therapy should obviate the proteolytic
degeadation of endogenous VEGF in the diabetic wound.

[0021] The role of VEGF in angiogenesis reflects its
function as an cadothelial cell mitogen, (Ferrara N., J Mol
Med 1999;77:524-543; Gospodarowicz D, ¢t al., Proc Nail
Acad Sci 1989,86:7311-7315) chemotactic agent, (Leung D
W, et al,, Science 1989;246: 1306-1309; Keck P 1, et al,,
Science 1989;246; 1309-1312) and inducer of vascular per-
meability (Connolly D T, et al.,, J Clin Invest 1989;84:
1470-1478; Yoshida A, et al., Growth Factors 1996;13:57-
64; Senger D R, et al,, Caricer Res 1990;50:1774-1778). It
exists in many isoforms with a common amino teeminus that
contains a signal sequence that allows the protein 10 be
secreted. VEGFE 165 is (he most common isoform and is
preferrcd, although it is understood thal other cquivalent
forms of VEGF are known and could be used alone or in
combination with cach other as described herein.

[0022] Many of the cells (Banks, et al., Br J Cancer
1998;77:956-964, Nathan, J Clin Invest 1987;79:319-326;
Berse, et al., Mol Biol Cell 1992:3:211 -220; Leibovich, et
al., Am J Patho! 1975;78:71-100; Koch, ¢t al,, Science
1993;258:1798-1801; Uchida, ct al., Am J Physiol
1994;266:F81-F88; Namiki, c1 al., J Biol Chem
1995;270:31189-31195; Nissen, et al, Am J Parh
1998;152:1445-1452;  Brogi, et al, Circnlation
1994;90:649-652; Stavri, ¢t al. Circulation 1995,92:11-14)
recruited into-a wound synthesize VEGFE. VEGF serves
distinct paracrine and autocrine roles upon endothelial cells.

- By stimulating the cadothelial cells, multiple phascs of the

angiogenic cascade arc enhanced by VEGE. VEGF has been
shown in experimental studics 1o cnbance vasenlarization of
both autologous bone grafts and skin flaps in rats ( Padu-
bidrd, et al., Ann Plast Surg 1996;37:604-611; Li, ct al. Surg

Forum. 1999;50:586-587). Onc of the mediators of VEGE,.:

activity, nitric oxide, enhances collagen deposition in dia-
betic wounds, (Witle, 1 al., Surg Fortm 1997:48:665-667)
and may reslore cndothelial function to improve both nerve
conduclion and tissue oxygenation. This supports the coa-
cept that VEGF enhances wound healing primarily by stimu-
lating angiogenesis and possible sccondary stimulation of
coltagen production.

[0023)~ Local Sustained Relcase of VEGF in a Diabetic
Wound

[0024] 1In the twelve years that VEGF has been available,
local therapy with recombinant forms has ot yet been
shown 1o be eficctive for wound closure. One limitation to
this technique is that it fails to sustain sufficient levels of
VEGF in the wound for a significant period of time. Gene
therapy is an e¢ffective means for delivering VEGF in a
sustained release fashion in vivo. ADV-VEGF thas alrcady
been fested in patients with cardiac ischemia and leg
ischemia to stimulate angiogencsis. Additionally, it has also
been tested for diabetic ischemia and neuropathy. Other
means of oblaining sustained relcasc of an effective amount
of compound include providing sustained release formula-
tions such as polymeric delivery systems, mini-pumps, and
hydrogels. These can be loaded with VEGF, injected or
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~ implanted into the ulcers, where the VEGF is releascd over
a therapeutically effective time period.

[0025) The principle of gene therapy is that a therapoutic
gene must first be efficiently delivered to the specific target
cell (Nabel, 1 al., Science. 1990;249:1285-1288). Scoond, it
must be expressed and sustained at a certain level to achicve
its therapeutic purpose (Sauter, ¢t al., Proc Natl Acad Sci
USA. 2000,9:4802-4807).

[0026] The principle compooents of geae therapy are a
vector or other means of delivering a nucleic acid of interest,
and the nucleic acid.-Many approprizte viral vectors are
koown, most of which are adenoviral vectors, adeno-asso-
ciated viral veclors or retroviral vectors. Other means of
delivery include liposores, dircet delivery of naked DNA,
and hydrogels, The vectors will typically include a promoter
that can contain enhancers, inverted terminal repeats (ITRs),
inducible promoters, and polyA sequences, followed by a
termination scquence. All of these are known (o those skilled
in the art, and commercially available or described in the
literature™™™

[0027] The discovery that naked DNA is taken up by -

muscle cells and transiently expressed in vivo, was reporied
twelve years ago, by Wolff, al, et, Science, 1990;247,1465-
1468,; and Wolft, Nature, 1991;352, 815-818.

(0028] Plasmid DNA, which can function episomally, has
been used with liposome cocapsulation, CaPO, precipita-

_ fion, and electraporation as an alternative to viral 1cansfec-
tions. Clinieal trials with liposome encapsulated DNA in
treating melanoma illustrates this approach to gene therapy,
as reporied by Nabel, et al.,, Proc. Nai. Acod. Sei. USA,,
1993;90, 11307-11311 and Wolff, Experimental Neurology,
1992:115, 400-413, also reported expression of plasmid
DNA. There have been many coafirmatory reporis sinee the
initial studies.

[0029] Viral veclors are preforred for gene therapy.
Human adenoviruses have a 36-kilobase double-stranded
DNA genome that undergoes a highly regulated pragram of
gene cxpression during the nommal life cycle of the virus,
The advantages of adenoviruses over ather chemical, physi-
cal, or biological gene transfer techniques include several
unique features of this sysiem (Molnar-Kimber, et al., Huwn
Gene Ther Sep. 20, 1998;9(14):2121-33). Firsi, adenovi-
ruses infect human skin cells at more than 95% cfficiency
and do aot requirc that cells are dividing, making a lengthy
selection process unaccessary (Kozarsky, et al., Curr Opin
Genet Dev June 1993;3(3):499-503; Mulligan, Science May
14, 1993;260(5110):926-32;.. Kremer, Gene
1995;2:564-5; Yang, cl al., Immuaity August 1994;1(5):433-
42; Milani, -et al., Proc Nail Acad Sci USA Apr 25,
1995:92(9):3854-8). Second, adcnoviruses remain cpisomal
and thus do not normally integrate into the human genome
(Bety, et al.,J Viro! October 1993;67(10):5911-21 Losordo,
ot al., Am Heart J. 1999;138:132-141). Third, adenovicus-
mediated gene cxpression in keratinocyles, mclagocytes,
and fibroblasts remains stable in vitro for at least 2-6 weeks,
depending on the proliferation rate of cells (Feng, et al,,
Cancer Res May 15, 1995;55(10):2024-8). Adcnoviral vee-
tors are commonly constructed by deletion of the esseatial
ELAM-1 gene to prevent viral replication.

[0030) For-hé purpose of wound healing, ADV-VEGE
geae therapy may offer substantial advantages, one of which

Ther~-

is its ability to transduce both resting and dividing cells at
very high efficiency without integration into the host cell’s
genome. The inflammatory response that is often associated
with adenoviral mediated gene transfer (or the induction of
endogenous growth facior overexpression may actually
cnhance wound healing, since wound healing is itself fun-
damentally aa inflammatory response. Furthermore, the lim-
ited duration of high level transgene expression of a growth
factor known to have significant vulncrary cffects (like
VEGF) may be all that is accessary to affect wound healing.
Recambinant ADV can be generated in high titers, is known
ta infect both cesting and dividing cells with high efficiency,
and its (ransgene expression is limited by the host’s cellular
immunity. The high prevaleace of anti-adenovirus antibod-
ies in the gencral population was thought to preciude aden-
ovitus-mediated gene therapy. However, it was shown that
focal injection of rADV in pre-sensitized hosts resulls in
levels of transgene expression at the injection site compa-
rable to that of native animals (Bramson, ct sl., Gene Ther
1997:4:1069-76). These findings stress both the applicability
of this local gene and the potential for repeated treatments,
if requircd. Although, for effective genc therapy, the trans-
gene may nced (o be expressed in a higher percentage of
cells in the target population, lower rates of cxpression may
be sufficient if the gene product excrts a paraceine cffect on
neighboring cells. Toxicity to tissucs other than the targel,
duc to the broad tropism of the adenovirus, is usually seea
only with systemic administration.

[0031] Adcooviruses can transduce both dividing and noa-
dividing cclls and the viral geaome, remains episomal and
does not inlegrate into host chcomosomes. They can infect a
broad range of humas cells such as those in skin, lung, liver,
brain, and blood vesscls, It has recently been shown that
adenoviral veclors are very cifective for in vivo gene transfer
to porcine and other experimental skin wounds and nearly
microgram quantities of thcrapeutic protein can  be
expresscd in the wound microenvironment (Liechty, ct al,,
Wound Rep Reg 1999;7:148-53; Licchty, et al., J Invest
Dermatol 1999;113:375-83).

{0032] The usefulacss of administration of ADV.-VEGF in
reducing the time necded for wound healing, as described in
U.S. Ser. No. 60/363,584 filed Mar, 12, 2002, was recently
confirmed in cxperimentally-induced excision wounds in
diabetic mice (Romano Di Peppe, cl al Gene Therapy, 9
12711277 (October 2002)). A statistically significant reduc-
lion in wound healing time as compared (o unireated mice
was noted as eaely as 3 days afler ircatment, in mice treated
with 10° p.£a. of AdCMV.VEGF, ¢ directly on (ke wound.
There was also an incrcase in VEGF cxpression ia the
wounded skin and significant angiogenic response. The
concentration of AD-VEGF can be fitrated accordingly to
result in cxpression of an effective amount of VEGE.

[0033] Polymeric Matrices

[0034] Altematively, the VEGF is delivered using a sus-
tained rclcase device. Both non-biodegradable aad biode-
gradable malrices can be used for delivery of genes,
although biodegradable matrices are prefesred. These may
be natural or syathetic polymers, although synthetic poly-
mers are preferred due to the better characterization of
degradation and rclease profiles. The polymec is sclected
based on the period over which release is desired, generally
in the range of at least two to six weeks, although loager
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periods may be desirable. In some cases linear release may
be most uscful, although in others a pulsc release or “bulk
release™ may provided more efective results. The polymer
may be in the form of a hydrogel (ypically in absorbing up
to about 90% by weight of water), and can optionally be
crosslinked with multivalent ions or polymers.

[0035] High molecular weight gencs can be delivered
partially by diffusion but mainly by degradation of the
polymieric system. In this case, biodegradable polymers,
bioerodible hydrogels, and protein delivery systems are
particulacly prefewed. Examples of non-biodegradable poly-
mers include ethylene vinyl acetate, poly(meth)acrylic acid,
polyamides, copolymers and mixtures thercof. Examples of
biodegradable polymers include synthetic polymers such as
hydroxyacid polymers, for example, polymers of lactic acid
and glycolic acid, polyanthydrides, poly(oriho)esiers, poly-
urcthanes, poly(butic acid), poly(valeric acid), and poly(lic-
tide-co-caprolactone), and natural polymers such as alginate
and other polysaccharides including dextran and cellvlose,
collagen, chemical derivatives thereof (substitutions, addi-
tions of chemical groups, for example, alkyl, alkylenc,
hydroxylations, oxidations, and other modificalions rou-
tinely made by those skilled in the art), albumin and other
hydrophilic proteins, zein and other prolamines and hydro-
phobic proteins, copolymers and mixtures thereof. In gen-
cral, these materials degrade cither by enzymatic hydrolysis
Or exposure to water in vivo, by surface or bulk erosion.

[0036] In the preferred cmbodiment, the polymeric matrix
is a micropanticle belween nanometers and one millimeler in
diameter, morc preferably between 0.5 and 100 microns for
administration via injection. The microparticles can be
microspheres, where the gene is dispersed within a solid
polymeric matrix, or microcapsules, where the core is of a
different material than the polymeric shell, and the genc is
dispersed or suspended in the core, which may be liquid or
solid in nature, Unless specifically defined herein, micro-
particles, microspheres, and microcapsules are used inte-
changeably.

[0037] Alternatively, the polymer may be cast as a thin
slab or film, ranging from nanometers to four centimeters, a
powder produced by grinding or other standard techniques,
or even a gel such as a hydrogel. The polymer can also be
in the form of a coating or part of a stent or cathictcr, vascular
geafl, or other prosthetic device.

[0038] The matrices can be formed by solvent evapora-
tion, spray drying, solvent extraction and other methods
known to those skitled in the ad.

[0039] The release of VEGF from fibrin-based biomate-
rials was demonstrated by Wong et al.,, Thromb Haemost
89(3):573-82 March 2003). Fibrin-based bijomaterial prepa-
rations can be used as provisional growth matrices for cclls
important in tissuc repair during wound healing in vivo.
VEGF was incorporated into the fibrin biomaterials prior to
formation of the Fibrin Scalznt clots. Clotting resulted in
sustained release of VEGF causing angiogenic activity.

[0040] Prolonged controlled release has beon achieved
using several different dovices. Examples include mini-
implantable pumps for a variety of drugs especially chemo-
therapeutics and highly potent neuroactive drugs, silicon
tubing with release controlling pores in the ends for birth
control agents, and co-axial implants. Currently approved

infusion procedures generally usc an cxtemally-wara or
implanted pump. DUROS® sufentanil, an osmolic pump
designed for 100-day delivery of sufentanil, is currently
undergoing clinical testing. This implant is much smaller
and easier to administer, and is described in WO 00/54745.

[0041] Effcctive Dosapes of VEGE

[0042] Unlike in the case of an ischemic ulcer, for a
diabelic ulcer, the challenge remains to keep a steady rate of
angiogenic stimulation with minimal toxicity. At this stage
in the field of wound healing, it appears that diabetic wouads
have impaired aogiogenesis. VEGF adminisiered locally
into the wound is the safest and most effective method to
stimulate angiogencsis and to facilitate healing the diabetic
wound.

{0043] The use of VEGF, 4 has been established in mul-
liple models of angiogenesis (Kaner, ct al., AmJ Respir Cell
Mol Biol. 2000;6:640-641; Muhllbauscr, et al., Circ Res.
1995;6:1077-1086) Human VEGF,,, molccule (rather than
the murine molecule) has already been established in (he
preclinical studics for cardiac ischemia (using a porcine
model, Esakol, et al,, Hum Gene Ther 1999;10:2307-2314;
Lopez, et al., Cardiovasc Res. 1998;40:272-281; Baumgart-
ner, et al., Annu Rev Physiol. 2001;63:427-450; Losordo, ¢t
al., Am Heart J. 1999;138:132-141; Pearlman, ¢l al., Nat
Med. 1995;1:1085-1089; Hariawala, ct al., J Surg Res.
1996;63:77-82), and a dog model (Banai, c1 al., Circulation.
1994;89:2183.2189; Lazarous, et al, Cardiovasc Res.
1999:44;294-302) which led to its cventual use and dem-
onstrated eflicacy in humauns (Esakof, et al., Hum Gene Ther,
1999;10:2307-2314; Sumes, et al., Amn Thorac Surg
1999,68:830-7; Losordo, et al., Circulation, 1998;98:2800-
2804; Baumgartner, ¢f al., Am Heart J. 1999;138:132-41;
Hendel, et al., Circulation. 2000;101:118-121; Hammond, et
al., Cardiovasc Res. 2001;49:561-567; Sylven, et al., Coron
Artery Dis. 2001;12:239-243; Tio, et al,, Human Gene
Therapy. 1999,10:2953-29860; Laitinen, et al., Hum Gene
Ther 2000;11:263-270; Vale, ct al, Circulation.
2000;102:965-974). -

[0044]  Similarly, VEGF, 55 was used in preclinical studics
for limb ischemia and atherosclerosis in rabbits (Gennaro et
al., Cireulation Jan. 21, 2003;107(2);230-3; Takeshita, et al,,
Biochem Biopliys Res Commun. 1996;227:628-635; Tsu-

- rumi, ¢t al,, Circulation. 1996;94:3281-3290; Takeshita, ot

al,, J Clin Invest. 1994,93:662-670; Basters, et al,, Circu~
lation. 1995;91:2802-2809; Bautecs, et al., J Vase Suryg,
1995;21:314-325;  Takeshita, et al, Circrlation.
1994;90(supplLIT):11-228-234;  Vincent,  Circalarion.
2000;102:2255-2261) and diabetic mice, which led (o its
eventual clinical trial testing and demousirated cfficacy for
paticots (Simovic, ¢t al., Areh Neurol, 2001;58:761-768;
Isner, et al., J Vasc Surg. 1998;28:964.75). Recently, human
VEGF has been used in diabetes (e.g., for diabetic ncurapa.
thy in rats, (Samii, et al., Newwosci Lett. 1999;262:159-162;
Schratzberger, et al.,J Clin Invest. 2001;107:1083-1092) for
diabetes-related impairment of aogiogenesis in  mice,
{Rivard, et al., Am J Pathol, 1999;154:355-363) for ischemic
neuropathy in rabbits, (Schratzberger, ct al., Nar Med,
2000;4:405-413) and in patients (Baumgactner, ot al., Cir-
culation. 1998,97:1114-1123; Isucr, ¢t al., Humt Gene Ther:
1996;7:959-988; Isner, cl al., Lancet. 1996;10:370-374; Sch-
ratzberger, et al., J Clin Invest. 2001;107:1083-1092). Fur-
thepmore, successful treatment of diabetic neuropathy in




US 2003/0180259 Al

rodents led to human teials for clficacy of chronic ischemic -

ncuropathy in patients (Simovic, et al, Arch Newol.
2001;58:761-768), A vast amount of literature bas demon-

strated that the use of human VEGF in a mouse shows

funclionalily due to a high degres of homology between the
two specics-specific proteins (90%, data from BLAST®
protein homology scarching). Finally, according to the Euro-
pean Molecular Biology Laboratory (EMBLY) database, the
aminoc acid of human VEGF protein and murine VEGF
proteins demonstrate only on¢ amino acid difference (215
vs, 214).

[0045] An cffective dosage can be determincd by extrapo-
Iation based on animal studies, for examplc, using a mouse
model. In previous local thevapy studics, the use of full
thickness cxcisional wounds in diabetic mice has been
shown ta be useful for developing therapies for cvéntual use
in paticnts, The mouse model has been successful in bring-
ing growih factor therapy from the lab to the bedside. Both
FDA approved drugs that are currently cfficacious for dia-
betic ulcers (PDGF-BB and human skin equivalen(} utilized
the murine modet in the vast majority of their prechinical
testing.

[0046] The CS7BL/Ks] db/db mouse is a particularly
uscful model since it has been shown 1o have decreased
angiogencsis (Allavilla, el al., Dinbetes. 2001;50:667-673;
Coleman, Diabetes, 1982;31 (Suppl: 1 Pt 2):1-6). Tissue
repair in C57BL/Ks] db/db mice has proven (o be a clini-
cally relevant model of impaired wound healing. The ani-
mals exhibit several characteristics of adult onsel diabetes,
including obesity, insulin-resistant hyperglycemia and mark-
cdly delayed wound closuce.

{0047] C57BL/KsI-db/db mice, homozygous for the dia-
betes spootancous mutation, become identifiably obese
around 3 1o 4 weeks of age. Elevatious of plasma insulin
begin at 10 to 14 days and of blood sugar at 4 to 8 weeks,
Homozygous mutant mice are polyphagic, polydipsic, and
polyuric. The couese of the disease is markedly influenced
by genetic background. A aumber of features are obscrved
on the C57BL/Ks} db/db background, includieg an uncoa-
trolled rise in blood sugar, severe depletion of the insulin-
producing beta-cells of the pancreatic islets, and death by 10
months of age. Exogenous insulin fzils to control blood
glucase levels.and glucongpgenic cnzyme activity increases.
The diabetic mutation is a result of a point mutation in the
leptin receplor geae, lcpr. This point mutation promotes
abnormal splicing creating 2 stop codon that shortens the
intracellutar domain of the receptor, so that its signaling

. capacity is curtailed. The ligand, Leptin, has been shown (o

be a key weight control hormone that takes a mutant form in
the mouse abesity mutation, Lepob (JAX Mice database:
http://jaxmicejax.orgfjaxmice-cgifjaxmicedb.cgi).

[0048) C57BL/Ksl-dbidb mice cxhibit characteristics
similar to those of human adult onsct diabetes (NIDDM
Type I1) as a result of a single autosomal recessive mutatioa
on chromosome 4. Only the homozygous animals develop
diabetes, This strain also cxpresses lower levels of sevecal
growth faciors and receptors, accounting, at least in pant, for
the reduccd rate of healing (Werucr, et al.,J fnvest Dermato!
1994;103:469-473).

{0049] The streptozolocin diabetic mouse is another

~model for studying the pathology of diabetes. Mice are

rendered diabetic by intraperitoneal injection of streplozo-

———— D ——
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tocin administered for five consecutive days. Streptozotocia-
treated mice become hyperglycemic and also show impaired
waund fiealing when compared (o healthy animals (Matsuda
et al. J Exp Med 1998; 187:297-306; Brown ¢l 2l Am J
Paihol 1997; 151:715-724). The sireplozotocin-induced dia-
betic mouse has been widely studied and is known lo those
of skill in the art.

[0050) The diabetic mousc model (Geerlings ct al., FEMS
Immunol Med Microbial. 1999;3-4:259-265; Feige, el al.,
EXS. 1996;77:359-373; Bessman, J Diabetes Coniplica-
ions. 1992:4:258-262; Abrabam, ¢t al., J Dermatol.
1990;7440-447; loots, e1 al,” J Invest Dermatol,
1998:5:850-857; DBrown, ¢t al, J Surg Research
1994:56:562-570; Greenhalgh, ¢ al., Am J Pathol
1990;136:1235-1246; Tsuboi, et al, J Explorer Med
1990;172:245-251; Matuxzewska, ct al, Pharm Res
1994;11:65-71; Darby, ¢t al, Inr J Biochem Cell Biol
1997;29:191.200; Livant, et al., J Clin Invest
2000;105:1537-1545; Yamamota, ¢t al., Ewap J Pharm
1996;302:53-60; Wetzder, et alk, J Invest Dermatol,
2000;115:245-253; Sun, et al, J Invest Dermatol 1997,
108:313-318; Sun, et al., J Invest Dennatol. 1996;106:232-
237; Zykova, ¢l al,, Diabetes. 2000;49:1461-1458; Beer, et
al.,J Invest Dermarol. 1997;109:132-138) bas besn widely
accepted in the study of therapeutic agenls that may be
cffcctive in the trcatment of chronic wounads, it has been
sucoessfully used in preclinical testing for other growth
factor therapies, and it offers a good model for patients with
diabetic foot ulcers.

[0051] The prescat invention will be further understood by
refereace to the following non-limiting examples.

EXAMPLE 1

Non Diabetic Wounds are Angiogenic Dependent
and have Delayed Conlraction with Angiogenic
Inhibitors

[0052] ‘There arc multiple stimuli for angiogenesis in the
first few hours alter a wound is croated, but il is usually 3
days before new vessel formation can be visualized histo-
logically in the wound. Throughout the wound healing
process, angiogencesis maintains a critical role in the healing
response {Brem, ¢t al., Bone Formation and Repair Ameri-
can Academy of Orthopedic Surgeons/Rosemont, Il., 1994.
pp 213-222; Arbiser.] Am Acad Dermaiol 1996;34:486-497;
Pettet G, et al., Proc R. Soc Lond 1996;263; 1487-1493;
Arnold, ¢t al., Pharmacol Ther 1991;52:407-422; Seifert, ct
al., Explorer Mol Pathol 1997,64:31-40; Folkman, Growilt
Factors: From Genes to Clinical Application. Karolinska
Institute Nobe] Canference Series. New York, N.Y., Raven
Press, 1990, pp 201-216; Folkman, et al., Inflammation:

" Basic Principles and Clinical Correlates, ed 2. New York,

N.Y,, Raven Press, 1992, pp 8§21-839; Hun, ¢l al,, Surgery
1984:96:48-54).

[0053] Angiogenesis occurs in a time-dependent maaner
in relation to the wound healing process. For example, whea

a potent aagiogenic inhibitor {¢.g., TNP-470, also knowa as-
it

AGM-1470) is given systemically, ‘wound closure aad
breaking strength are significantly decreased in a time-

- dependent manner. If the angiogenesis inhibitor is given

before or 5 days after wound creation, there is no delay in
wound closure, but if it is given in the first 5 days after
wounding a sharp delay in closure is noted.
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[0054] These experiments demonstrate the importance of
the initiation of angiogenesis in contributing to the multiplc
processes in norraal wound healing, such as wound closurc
and brozking strength. In the bealing of acute wounds, these
resulis show that the angiogenic response is time-dependent,
This experiment csltablishes that decreased anpiogenesis
delays wound closure. In chronic wounds, such as dizbetic
ulcers, the angiogenic response is impaired as long as the
wound is present, secondary to multiple ctiologies.

EXAMPLE 2

The Viral Vector

[0055] The human cDNA for VEGF was cloned into a
recombinant adenovirus vector. Humam umbilical vein
endotbelial cells (HUVEC) were harvested from fresh
umbilical cords using a 0.2% collagenase solution in Hanks
Balaoced Salt Solution (HBSS) for 20 minules at reom
temperature. The cells were washed with HBSS and plated
on collagen-coated (1% in PBS) tissee culture dishes in M13
medium supplemented with 20% FBS and 1 mg/ml of bFGF.
HUVEC from a conflucnt 10-cm plate were homogenized
and total RNA was exitacted with the RNEASY™ Kit from
QIAGEN® Inc. First sirand of cDNA was amplified from
the RNA by RT-PCR with oligo-dT primers using the
SUPERSCRIPT™ 11 RT PCR kit from LIFE TECHNOLO-
GIES®. The full-length human VEGF cDNA was thea
amplified by PCR with appropriate primers (sense
5".CCCAAGCTTGCCGCCGCCATGAACTTTC TGCT-
GTCL-3 (SEQ ID NO:1); Hind III linker * antisense,
5'-GCTCTAGAATCTGGTTCCCGAAACCCTGA-3' (S£EQ
ID NO:2), Xba I linker) using pfu (plaque formiag units),
DNA polymerase (STRATAGENE®). The product corre-
sponding to the size of VEGF, 4; was gel-purified and cloned
into pBlucscript (STRATAGENE®), to be spliced betwetn
the Hind HI and Xba I sites. After confirmation by automatic
sequencing, the hVEGFE, ;s cDNA was cloned into the ADV
shuttle veclor pADV RSV-bPA downstrcam of the RSV
LTR. The ADV shuttle vector was then co-transfected with
the adenovirus type 5 genome containiag backbone vector
pBHGI10 into 293 cells (E1 positive packaging ccll linc) by
standard calcivm phosphate precipitation. The cosuing viral
plaques were isolated and in vitco sceeened for transgene
cxpression and functional activity of the transgene, A posi-
tive plaque (#11-1) was then selected and expanded. The
virus (ADV.hVEGF,;) was released from the producer
<115 by three (reeze/thaw cycles and purified over a CsCl
geadieat. The viral panticles were measured by spectropho-
tometric analysis (OD.go) and the plaquesforming units

(pfu) were determined by standard agarose overlay plaque.-

assay on 293 cclls,

e ——

[0056] - The vector, as constructed, resulted in gene trans-
fer, ascertaining transgene expression in target cells in
culture. JC cells, 2 VEGF-negative murine breast cancer cclf
linc which is casily transducible by adenavims, were
infected with virus of different plaques of ADV.hVEGE, ¢ or
ADVbeta Gal (negative control) with an MO! of 100. VEGF
was measured after 48 hours in the conditioned supernatant
by hVEGF ELISA (R&D Systcms), according (o the manu-
facturer’s instructions, The ELISA results for hVEGF of
conditioned supcroatant of JC cells transduced are:
[0057] 1) Virus of differeat plaques of ADVh-
VEGEy¢s f{plaques 11.1; 11.2; 11-3; 11-9; 13-1;

-1)

4
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{0058] 2) Coatrol vector (beta-Gal); and supernatant
of uninfccied JC cells. (VEGF standard curve with
recombinant VEGF prolein supplied by the manu-
facturer).

(0059] The transgene for VEGF stimulates endothelial cell
proliferation in vilro. The function of the lransgene was
assesscd through induction of HUVEC proliferation by
conditioned superaatant of ADVHVEGF, ¢, ot ADVbeta Gal
transduced JC cells, respectively. HUVECs were secded in
flat-bottom well plates pre-coated with 1% gelatin (in PBS)
at 2x10° cellsfwell and serum-starved ovemight (M13
medium without FBS). Conditioned supematant was then
added in several dilutions aad cells were cultured for an
additional 48 hours in M13 supplemented with 20% FBS,
but no growth factors. HUVEC proliferation was measured
by a letrazolium-based assay al an absorption of 450 nm
according to the manufacturer’s instructions, EZAU™ kit by
Biomedica, Measurements of HUVEC proliferation by a
tetrazolium-based assay afier a 48-hour stimulation with log
2 dilution of condilioned supematant of JC cells were
transduced with:

[0060] 1) virus of diffcrent plagques of ADV.h-
VEGF,4,: (plaques 11-1, 13-1, 16-1); and

[0061] 2) control vector (b-Gal).

[0062] Addition of recombinant VEGF protein (Pepro
Tech Inc.) 1o the culture medivm ip a log 2 dilution scrics

from 100 ng/ml to <1 ng/ml was used as a positive control, -

[0063] The results are shown in FIG. 1.
EXAMPLE 3

ADV-VEGF Leads to Angiogenesis

(0064] Mice reccived subcutancous injections of ADV-
VEGF in one thigh and ADV.LacZ in the other. A1 various

© time intervals, these mice were sacrificed and perflusion-

fixed. The thighs were harvested and processed for histolagy
and immunohistochemistry. Histology tevealed no signifi-
cant changes in the conteol (ADV.LacZ)P group and marked
presence of new blood vessels in the ADV-VEGF group,

(0065] Thus, it was established that ADV-VEGF infected
cells secreted human VEGF, ¢4 and that this protein product
stimulated endothelial cell proliferation in vitro and angio-
genesis in vivo, without local necrosis.

[0066] Examples 4-7 use 3 mouse model. For all mouse
wound experitnents, mice were purchased from Jackson
Laboralories, and housed one per cage. Animals were anes-
thetized in a chamber in preparation for all cxpecimeats and
shaved the day before experimentation. Full thickness
wounds wers made with a (emplate of 0.8 or 1.4 cm in
diamcter. All wounds were created in cxactly (he same
location, 15 mm from the last cervical veriebra on the mouse
dorsum, The marked area was excised with scissors to
include the cpidermis, dermis, and panniculus carnosus. The
wounds were then photographed on the day of wounding.
The photographs and digital images were (aken with a
NIKON® 35 mm camera and a NIKON® digital camera,
respectively, at a fixed distance from the wound, A photo
ruler was placed io the field of the photograph and labeted
with the mouse’s ideatification number and date. Digital
photos were used to assess length and width measuremenis

o

—_
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and the arca was calculated from planimetry. Length and
width were also recorded in the lab notebook at the time of
photography. The data included in these studics are main-
tained in a database, created with MICROSOFT ACCESS®,
on a DELL™ Dimension XPS R450 Compitter, and backed
up on an IOMEGA® Jaz Drive. Bolh film and digital
photogeaphs of each mouse wére printed withia 7 days of
being taken and kept in a secure area, The digital images
were measured using Med-Data Systems’ Wound Imager
program. An identical data system is utilized to follow
clinical patients treated for diabetic foot ulcers. In.all experi-
ments, the ADV-VEGF was igjected into 4 quadrants of the
dermis of the newly created wound cdge utilizing a Hamil-
lon™ microliter syringe in 4 cqual volumes.

[0067] This model is analogous to clinical situations
where paticnts are routincly treated for diabetic foot ulcers,
where the wound is debrided prior to initiation of growih
factor therapy (PDGF-BAL) or cell therapy (human skin
equivalent comprising cultured keratinocytes and fibroblasts
on type I collagen). The emphasis is on converting a chronic
wound or ulcer inlo an acute wound, in part, by debridement
of lissue, leaving fresh wound edges. This approach is a.
standard of care and is the basis of the experimental desiga,
allowing for the maximally e[fective injection of VEGF into
the sharply exciscd wound cdges.

EXAMPLE 4

Effect of ADV-VEGF

[0068) The dosage of 5x10'* viral particles (VPs) of
ADV-VEGF was used because this was the maximal amouat
of viral particles that could be placed in 2 limited volume (up
10 400 4, which is the maximum that can be administered
without the volume affecting the wound). This dosage was
also based on multiple other prectinical and clinical tdals
performed at ouwr institution, which determined this to be
safe for ADV particles. It has become clear that the total load
of ADV particles contributes (o toxicity, Therefore, the FDA
has requested that experiments usc viral particles rather than
plus. Pfu is a biological assay measuring activity of the
virus, which can vary by up (o one log using the same batch
of virus in different assays. If different batches of virus are
used, there may be a significant variation in padicle mea-
surements, To prevent this potential problem (rom oceurring
and to keep the loads constant, the same batch of vitus was
used for all experiments.

[0069]  Six groups, comprising 5 mice each, were used.
Wounds of 0.8 cm were made with a template, as described
sbove. All, cxcept group F, used the C57BL/KsJ-db/db
mouse modcl,

[0070) Group A: (ADV-VEGF) reccived 5x10%
ADV-VEGF VPs at the time of wounding. The
wounds closed on average in 13.6xdays,

[0071] Group B: (ADV-DL312, control null vector)
received 5x10** VPs at the time of wounding, The
wounds closed in 26,920.4 days.

{0072] Group C: (saline control) reccived PBS and
their wounds closed in 26 days, on average.

[0073] Group D: (2°¢ injection of ADV-VEGF)
feceived a second injection of ADV-VEGF 7 days
after wounding. The resulls were not statistically
different from Group A.
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[0074] Group E: (human rccombinant VEGF)
received 2.5 ug recombinant VEGF al the time of
wounding. The wounds closed a( a rate similar to
Groups B and C,

[0075] Group F: (wild type, non-diabetic mice)
received saline. The wounds closed in 12 days, on
average.

[0076] ‘The results show that treaiment with ADV-VEGF
resulted dn a (highly) significant reduction in time to closure
of wounds in diabetic mice (p<0.01, Sindent’s test and
nonparametric Mann-Whitney/Wilcoxon’s test). Alihough
these results sugpested that a single treatmemt with ADV-
VEGF was maximally cffective in accelerating wound clo-
sure, the study was limited.

EXAMPLE 5

Dese-Response Study

{0077] Despite the limitations of the above experiment and
the small number of mice, the promising resulis motivated
determining if a lower dose may be effective. In order to
determine if gene therapy is cfiective, it is first necessary (o
perform a dosc-response experiment. This allows one 1o
establish that there is a causal relationship between the
therapy and its therapeutic effects. It was found that in these
small 0.8 cm wounds 5%10*® and §x10" VPs of ADV-VEGF
both significantly accelerated the closure of diabetic ulcers
in db/db male mice, as compared to 1.6x10" ADV-VEGF
VPs and PBS.

{0078} There was a significaatly (p<0.05) greater
improvement in the rate of healing for the high dose group,
compared 1o the control group,

[0079] A limitation in this experimental design was that
the occlusive dressing placed on the wound after each
photograph was taken cesuited in broad contamination with
culture-proven gross purulence with Psendomonas aerugi-
nosa. The technique was modified lo utilize only a clear
occlusive dressing during the first S days after the wound
was made. No infeclion has been seen in subsequent experi-
aeats. However, this provided a screndipitous and impor-
tant finding. This experiment suggests that ADV-VEGF may
reverse bacterial contamioation of a wound. This is particn-
larly important, because almost alt patients with diabetic
foot ulcers have some degree of jnfection or, more specifi-
cally, bacterial contamination, which B Y¥GESTHER Eroatest
contribufing factor 1o the morbidity and mortality related to
these wounds.

EXAMPLE 6

Effect of VEGF on Larger Wouads

f0080] Examplc 5 cstablished that cven a lower dose of
gene (herapy might be effective. However, these experi-
menls were limited by the occurrence of infection and the
small number of groups. The next experiment determined
whether a single high dose of ADV.-VEGF would be effec-
tive in larger wounds.

[6081] “This cxperiment tested the hypothesis that ADV-
YEGF will be cffcctive fn aceelerating wound closure, even
when the size of the wound is increased, with metabolic
coutrol ascertained (therefore female mice were utilized).

ol
il
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Since patients usually present with larger wounds, the size of
the wound was doubled to 1.4 em which represents 355 of
the total diameter of the mouse dorsurn. Four trcaiment

groups at 0.5 log differences and two control groups were

tested. One set of controls was injected with saline al the
time of injection and the other with ADV-DL312 5x10'*
particlesiwound,

[0082] The only group showing a statistically sigaificant
acceleration of closure was the group teeated with 5x10"
VPs ADV-VEGF (which was the maximum dose tested).
Therefore, it is accessary (o determine if a groater acoclera-
tion of healing can be oblained. Another Iimitation of this
experiment was that these mice were 12-14 weeks old, older
mice exhibit poor metabolic control. The glucose Jevels in
all groups were between 300-310. This is toa high and may
have affecied the results, since this places the mice in 3
particularly catabalic state, which is not analogous to the
clinical situation.

EXAMPLE 7

Determination of Toxicity (10 Mice per Group)

[0083] A comprehensive examination was initialed to look
for indicators of toxicity. The liver was examined for any
sigas of hepatitis. The lungs were examined because angio-
genic therapy can potentially cause potechia in lungs and
bleeding, The Kidneys were cxamined at the histological
level becavse nephropathy is very common in diabelics and
could be precipitated by angiogenic therapy. The cecum was
analyzed because it is the most rapidly proliferating organ in
the body and any therapy that may cffect a wound could also
effect the rapidly dividing epithelium. The retina was cxam-
ined closcly because it is of great concern whethee systemic
therapy cauld causc retinopathy. Ia addition, the heart was
analyzed because of concerns that angiogenic therapy could
adversely effect this muscle. The brain was examined
because it is kaown that angiogenic therapy can causc
petechia and blecds in the brain, which is particularly
susceplible in the diabetic CNS vasculature,

[0084] Therc were uo pathologic findings in any organs 90
days after 5x10*! VPs of ADV-VEGF was administered into
the diabetic ulcer. In the liver, there was neither acute
hepatitis from the ADV nor proliferation of the sinusoidal
lining of the endothelial cells from the VEGF. The kidneys,
lungs, retina, or cccum had neither hemorrhage nor any
other pathologic findings. Similasly, neither the heart or
brain (not shown) had any abnormal pathologic findings.
This is significant, because in past cxperience, angiogenic
therapy was repored to have a significant effect on the
immune system, however no gross difference in weighil, size,
or histolagical cxamination of the organs were manifested.

[0085] At this point, the cxperiment was limited, because
oaly 3 time points were assayed and, at most, only § mice
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were tested at any time point. The coasistency of the results
suggests that they can be duplicated in significantly higher
numbers. Affer 3 montbs a toxic effect may bave been
realized, bul it was traosicat. '

[0086] 1Itwas then determined whether VEGF levels in the
serum of diabetic mice were ncreased after ADV-VEGF
local administration. VEGF serum Jevels were determined
by a commercially available ELISA kit in accordance with
the manufacturer’s protocol. 1t is cmphasized that human
VEGF was assayed in the scrum. A lincar VEGF standard
curve was generated for each assay (r~0.99 to 1 between
calculated and measured VEGE levels) with the supplicd
recombinant VEGF protein in the range from 10000 pg/ml
lo 15.6 pb/ml and serum levels weee calculated accordingly.
Only 3-5 mice per group were studied, enough to determine
that the assay was accurate and consistent. VEGE levels
demonstrated a peak of aclivily in day 10 after the wound
was made, However, there were no differences in the control
group treated wilh saline versus the ADV-VEGF group.

{0087] Utilizing the same scries of mice, larger quantifics
were studied (5x10" vp of ADV-VEGF and 5x10" vp of
ADV-DL312 vs. PBS, respectively) and the effects on the
organ weights of the lungs, kidneys, and splecn measured.
No differences were found for tested time points. However,
the sampling size is too small 1o draw any definitive con-
clusions, Preliminary data from days 5, 10, 15 and 90 5x10**
ADV-VEGF, 5x10* ADV-DL?* vs. PBS, respectively) of
serum chemistrivs: ALT, AST, ALP, Bifirubin, Creatinine,
Glucose, BUN, Platelets, WBC, and Hemoglobin show uo
differences detected (o date.

[0088) In summary, the preliminary data suggest that
5x10 vp of ADV-VEGF accelerates ulcer healing in
CS7BL/Ksl-db/db mice. VEGF stimulates angiogenesis and
accelerates the healing process as evidenced by:

[0089] 1) a reduced time 1o closure (a healed wound
is deftned as 100% epithelialization and no drainage)
in experimental diabetic ulcers, and

[0090] 2) accelerated cpitbelialization aad increased
celtular density.

[0091] The preliminary data suggest that a high dose of
5x10° ADV-DL312 VPs/wound is effective. However, such
a high dosc of ADV particles unlikely to be utilized in
paticols in ycars to come because of concerns of potential
toxicity.

[0082] Modifications and variatioos of the present inven-
tion will be obvious to those skilled in the ant from the
foregoing dotailed description. Such modifications and
variations arc intended to come within the scope of the
following claims,

SEQUENCE LISTING

«160> RUMBER OF SEQ ID N0§: 2

<210> SEQ ID NO 1

R

'/
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~continued

<231» LENGTH: 216

<212» TYPE: DNA

213> ORGANISH: Homo sapiens

<400> SEQUENCE: 1

ceccangettg cegocgocat gaactttatg ctgtot
«210% SEQ ID NO 2

<211> LENGTH: 29

«212> TYPE: DHA

<213> QRGANISK: Homo sapiens

<400> SBQUENCE: 2

gaetotagaat ctggttcccg asaccctga

k1)

29

. ——
-t

I claim:

1, A method for tissuc engineering a diabelic ulcer com-
prising administering to the wound an cffective amount of
VEGEF for 2 sustained period of time of at least lwo weeks
lo cabance the rate of closure of the wound.

2: The method of claim 1 wherein the VEGF is admin-
istered fa the form of a nucleic acid molecule cucoding the
VEGF. _

3. The method of claim 1 wherein 1the VEGF reverses
baclerial contamination of the wound in a patieat with a
diabetic ulcer.

4. The mcthod of claim 2 wherein the nucleic acid
molecule is a viral veclor,

5. The method of claim 4 further comprising administec-
ing the adeaoviral veclor at a concentration of at least
1.6x10" adenoviral-VEGF particlcs.

6. The method of claim 4 further comprising admiaister.
ing the adenoviral vector al a concentration of at [east
5%10 adenoviral-VEGEF particles.

7. The method of claim 4 further comprising administer-
ing the adenoviral vector at a concentration of at least
5x10" adenoviral-VEGF particles.

§. The wmethod of claim 2 whercin the nucleic acid
molecule is in (he form of genetically engineered cells
secreling VEGF,

9. The method of claim 2 whercin the aucleic acid
molecule is in the form of naked DNA encoding VEGF.

10. The method of claim I wherein the VEGF is admin-
istered by a sustaincd delivery pump.,

11. The method of claim 1 whercin the VEGE is admin-
istered in a sustained delivery polymeric device,

12. The method of claim 8 whercin the device is formed
of a biodegradable polymer in the form of microspheres,
slabs, disks, or gels.

13. The method of claim 1 wherein the VEGF is released
over a period of between two and six wecks.

14. A compositioa for tissue engincering a diabetic ulcer
comprising an effective amount of VEGF administered for a
sustained period of time of at least iwo weeks to enbance the
ratc of closure of the wouad.

15. The composition of claim 14 wherein the VEGF is in
the form of a nucleic acid molecule encoding the VEGFE.

16. The composition of claim 14 wherein the VEGF is in
the form of a viral vector eacoding the VEGF.

17. The composition of claim 15 wherein the nucleic acid
molecule is in the form of genetically engineered cells
secreting VEGE,

18. The composition of claim 15 wherein the nucleic acid
molecule is in the form of naked DNA encoding VEGE,

19. The composition of claim 14 wherein the VEGF is
formulated in a sustained delivery pump.

20. The composition of claim 14 whereia the VEGF is
formulated in a sustained delivery polymeric device,

21. The composition of claim 20 whercia the device is
formed of a biodegradable polymer in the form of micro-
spheres, slabs, disks, or gels.
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FORMS OF THE ANGIOGENIC FACTOR
VASCULAR ENDOTHELIAL CELL GROWTH
FACTOR: VEGF

This application claims priorily to Provisional Applica-
tion Baird, et al,, U.S. Scr. No. 60/073,979, filed Fcb. 6,
1998, entiled NOVEL FORMS OF THE ANGIQGENIC
FACTOR VASCULAR ENDOTHEILIAL CELL GROWTH
FACTOR: VEGF.

FIELD OF THE INVENTION

The present inveantion refates to novel forms of vasculac
cndothelial growth factor gencs and the novel proteins
encoded by these genes, More particularly, the invention
relates 10 novel forms of human VEGF-A. These novel
forms of VEGF-A include VEGF-A, .5, VEGF-A,4,, and
VEGF-A, g, Suchnavel VEGF profeins may be used in the
treatment of the cardiovascular system and its discases
through cffccts on apatomy, conduit funclion, and
permeability, and more particularly in the treatment of
cardiovasculac disease by stimulating vascular cell prolif-
cration using 4 growth faclor, thereby stimulating endothe-
lial cell growth and vascular permeability.

The invention also relates to nucleic acids encoding such
novel VEGF proteins, cells, tissues and animals containing
such nucleic acids; methods of treatment vsing such nucleic
acids; and methods relating (o all of the foregoing.

BACKGROUND OF THE INVENTION

Cardiovascular-discases are generally characterized by an
impaired supply of blood to the heart or other target organs.
Myocardial infarction (MI), commonly referred 10 as heart
attacks, is a leading cause of mortality as 30% arc fata) ja the
first moaths fotlowing the heart attack. Heant attacks result
from narrowed or blocked coronary arterics in the heart
which starves the heart of nceded nutricnis and oxygen.
When the supply of blood [o the heart is compromised, cells
respond by geaerating compouads that induce the growth of
new blood vessels 5o as to increase the supply of bload to the
heart, These vew blood vessels are called collateral blood
vessels. The process by which new blood vessels are
induced to grow out of the exisling vasculature is lermed
angiogenesis, and the substances that are produced by cells
to inducc angiogencsis are the angiogenic factors.

Unfortunately, the body’s natural angiogenic response is
limited and often inadequate. For this reason, the discovery
of angiogenic growth factors has lead to the emergence of an
alternative therapeutic strategy which secks to supplement
the natural angiogenic response by supplying cxogenous
angiogenic substances,

Attempts have beon made to stimulate angiogencsis by
administering various growth factors, U.S. Pat. No. 5,318,
957 10 Cid et al. discloses a method of stimulating angio-
gencsis by administering haptoglobins (glyco-protein with
two polypeptide chains linked by disulfide bonds). Intrac-
oronary injection of a recombinant vector expressing human
fibroblast growth factor-S (FGF-5) (ie., in vivo pene
transfer) in an animal model resulted in successful amelio-
ration of abnormalitics in myocardial blood flow and func-
tion. (Giordano, E. J., ct, al. Nature Med 2, 534-539, 1996).
Recombinant adenoviruses have also been used to cxpress
angiogenic growth factors in-vivo. These included acidic
fibroblast growth factor (Muhlhauser, 1., ct. al, Humn. Gene
Ther. 6:1457-1465, 1995), and one of the¢ VEGF forms,
VEGF-A,4s (Muhlhauser, J., et. al, Circ. Res.
77:1077-1086, 1995).
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One of the responses of heart muscle cells 1o impaired
blood supply involves activation of the gene encoding
Vascular Endothelial Growth Factor {* VEGF"), also known
as VEGFE-A, (Banai, S., ct. al. Cardiovasc. Res.
28:1176-1179, 1994). VEGF-A is actually a family of
angiogenic factors that induce the growih of new collateral
blood vessels. These growth faciors are specific angiogenic
growth factors that have vaso-permeability activity and
targel endothelial (blood vessel-lining) cells almost exclu-
sively. (Reviewed in Ferrara et al., Endocr: Rev. 13:18-32
(1992); Dvorak et al., Am. J. Partliol. 146:1029-39 (1995);
Thomas, J. Biol. Cirem. 271:603-06 (1996}). Expression of
the VEGF-A gene is linked in space and time to events of
physiological angiogenesis, and deletion of the VEGF-A
gene by way of targeted gene disruption in- mice leads (6
embryonic death because the blood vessels do not develop.
It is therefore the only known angiogenic growth factor that.
appears to function as a specific physiological regulator of
angiogenesis.

When tested in cell culture, VEGF-A, and, because of its
structure, likely VEGF-B, (VEGF's) are potently mitogenic
(Gospodarowicz el al., Proc. Nail. Acad. Sci. USA
86:7311~15, 1989) and chemoatactic (Favard ¢t al., Biol. Cell
73:1-6, 1991). Additionally, VEGFs induce plasminogen
activator, plasminogen activalor inhibitor, and plasmigogen
activator receptor (Mandriota et al., J. Biol. Chem.
270:9709~16, 1995; Pepper et al., 181: 902-06, 1991), as
well as collagenases (Unemori et al, J. Cell. Physiol.
153:557-62, 1992), enzyme syslems thal regulate invasion
of growing capillaries into tissues, VEGFs also stimulatc the
formation of tube-like structures by endothelial cells, an in
vitro cxample of angiogenesis (Nicosia et al., Ant. J. Parhol,
145:1023-29, 1994). ,

In vivo, VEGFs induce angiogenesis (Leung ct al., Sci-
ence 246:1306-09, 1989) and incrensc vascular permeability
(Senger ct al,, Science 219:983-85, 1983), VEGPs are now
known as important physiological regulators of capillary
blood vessel formatian, They are involved in the normal
formation of new capillarics during organ growth, including
fotal growth (Peters ¢t al., Proc. Natl Acad. Sci. USA
90:8915-19, 1991), tissue repair (Brown et al., J. Exp. Med.
176:1375-79, 1992), the menstrual cycle, and pregnancy
(Jackson et al., Placenta 15:341-53, 1994; Cullinan & Koos,
Endocrinology 133:829-37, 1993; Kamat ¢t al., Am. J.
Pathol. 146:157-65, 1995). During fetal development,
VEGFs appear 10 play an essential role in the de novo
formation of blood vesscls from blood islands (Risax &
Flamme, Ann. Rev. Cell. Dev. Biol, 11;73-92, 1995), as
cvidenced by abnormal blood vessel development and
lethality in embryos lacking a single VEGT aliele (Carmeliet
et al., Nature 380:435-38, 199G). Marcover, VEGFs are
implicated in the pathological blood vessel growth charac-
teristic of many diseases, including solid tumors (Potgens ct
al., Biol. Chem. Hoppe-Seyler 376:57-70, 1995), retinopa-
thies (Miller ct al., Am. J. Pathol. 145:574-84, 1994; Aiello
¢l al, N. Engl. J. Med, 331:1480-87, 1994; Adamis et al.,
Am. J. Ophthalnol. 118:445-50, 1994), psoriasis (Detmar et
al, J. Exp. Med. 180:1141--46, 1994), and rheumaloid
anthritis (Fava et al., J. Exp. Med. 180:141-46, 1994),

VEGF cxpression is regulated by hormones (Schweiki et
al., J. Clin, Invest. 91:2235-43, 1993) growih faciors
(Thomas,J. Biol. Cliem. 271:603-06, 1996), and by hypoxia
(Schweiki et al., Narare 359:843-45, 1992, Levy ct al, J.
Biol. Chem. 271:2746-53, 1996). Uprcgulation of VEGFs
by hypoxic conditions is of particular importance as a
compensalory mechanism by which tissucs increase oxy-
genation through induction of additional capillary vesscl
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formation and resulting increased blood fow. This mecha-
nism is thought to contribute to pathological angiogenesis in
tumors and in retinopathies. However, upregulation of
VEGF expression after hypoxia is also esseatial in tissue
repair, c.g,, in dermal wound bealing (Frank et al,, J. Biol,
Chem. 270:12607-613, 1995), and in coronary ischemia
(Banai et al,, Cardiovasc, Res. 28:1176-79, 1994; Hash-
imoto et al., Am. J. Physiol. 267:H1948-H1954, 1994),
Using the rabbit chronic limb ischemia model, it has been
shown that repeated intramusculor injection or a single
intra-arterial bolus of VEGF-A can augment collateral blood
vessel formation as evidenced by blood flow measurement
in the ischemic hindlimb (Pu, et al., Circulation 88:208-15,
1993; Bauters et al., Am. J. Physiol. 267:H1263-71, 1994;
Takeshita et al., Circularion 90 [part 2], 11-228-34, 1994;
Bauters et al., J. Vase. Surg. 21:314-25, 1995; Bauters of al,,
Circulaiion 91:2802-09, 1995; Takeshita ¢t al, J. Clin.
Invest. 93:662-70, 1994). In this modcl, VEGF has also been
shown to act synergistically with basic FGF (o ameliorate
ischemia (Asahara et al., Circulation 92:[suppi 2],

11-365-71, 1995). YEGF was also,reported to aceclerate the-

repair of balloon-injured rat carotid artery endothelivm
while at the same time inhibiting pathological thickening of
the underlying smooth muscle layers, thereby maintaining
lumen diameter and blood flow (Asahara et al., Circulation
91:2793--2801, 1995). VEGF has also been shown to induce
EDRF (Endothclin-Derived Relaxin Factor (nitric oxide))-
dependent relaxation in canine coronary arteries, thus poten-
tially eontributing to increased blood flow 10 ischemic arcas
via a secoadary mechanism not related to angiogenesis (Ku
et al., Am. J. Physiol 265:H586-1592, 1993),

Activation of the gene encoding VEGF-A results in the
production of several different VEGF-A variants, or
isoforms, produced by alternative splicing wherein the same
chromosomal DNA yields different mRNA transeripts con-
taining diffcrent cxons thereby producing different proteins.
Such variants have been disclosed, for example, in U.S. Pat.
No. 5,194,596 to Tischer et al, which identifies human
vascular cndothelial ccll growth factors having peptide
scquence lengths of 121, and 165 amino acids (i.e., VEGF-
Ay and VEGF-A,¢). Additionally, VEGF-A,q, and
VEGF-Ayg, have also been characterized and reparted
(Neufeld, G., et. al. Cancer ‘Metastasis Rev. 15:153-158,
1996).

‘The mitogenic aclivity of the various VEGF-A isoforms
varies depending on each isoform. For example, VEGF-A,,,
and VEGF-A, 45 have very similar mitogenic activity for
endothelial cells, However, VEGF-A, g and VEGF-A ¢ are
only weakly mitogenic (Ferrara ef al,, Endocr. Rew
13:18-32, 1992). The reduced activily of these isoforms is
attributed fo their strong association with cells and matrix, as
cvidenced by the normai mitogenic activity of a mutant of
VEGF-Azqs which lacks the 24-cesidue “matrix targeting”
sequence common to VEGE-A, 59 and VEGF-A,e4 (residucs
115-139 in FIG. 2) (Ferrara ot al., Endocr. Rev. 13:18-32,
1992). .

Four known forms of VEGF-A arisc from altcrnative
splicing of up to eight cxons of the VEGF-A genc (VEGF-
Ayay, cxons 1-5, 8; VEGF-A, 4, exons 1-5,7.8; VEGE-
Ajgg, %008 15, Ga, 7, 8; VEGIF-A.,, cxons 15, 6a, 6b, 7,
8 (exan Ga and 6b refer to 2 afteraatively spliced forms of the
same cxon)) (Houck et al., Mol. Endocr,, 5:1806~14 (1991)).
All VEGF-A gencs encode signal peptides that direct the
prolein into the sccretary pathway. For example, VEGF-
A,gs CDNA cacodes a 191-residue amino acid sequence
consisting, of a 26-residuc secrelary signal peptide
sequence, which is cleaved upon secretion of the protein

20

4 .

from cells, and the 165-residue mature protein subunit.
However, only VEGF-A,,, and VEGF-A,, arc found to be
readily sccrcted by cultured cells whereas VEGF-A, g and
VEGF-Auq remain associated with the producing cells,
These VEGF-A forms possess an additional bighly basic
sequence encoded by exon 6 corresponding to fesiducs
115139 in VEGF-A,g and residues-115-156 in VEGE-
Aqsos. These additions confer a high affinity to heparin and an
ability to associate with the extracetlular matrix (matrix-
targeting scqueace) (Houck, K. A. et al., J. Biol. Chem.
267:26031-37 (1992) and Thomas, J. Biol. Chem,
271:603-06 {1996)). The milogenic activitics of VEGF-
A,s; and VEGF-A, ¢, are similar according to the results of
several groups (Neufeld, G., et al., Cancer Metastasis Rev.
15:153-158 (1996) although one rescarch group has shown
cvidence indicaling that VEGF-A,., is significantly less
active (Keyl, B. A, «t al. J. Biol. Chem. 271:7798-7795
(1996). It is unclear whether the two longer VEGF-A forms,
VEGF-A g and VEGF-Ayq, are as active or less active
than the two shorter forms since it has not been possible to

~=-obtain them in pure form suitable for quantitative measure.
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ments. This failure is due in pan to their strong association
with producing cells and extracellular matrices which is
impaired by the presence of exon-6 derived sequences
appareatly acting in synergism with cxou-7 derived
sequences groups (Neufeld, G., ot al., Cancer Metastasis
Rev. 15:153-158 (1996).

As depicted in FIG. 1, the domain encoded by exons 1-5
contains information required for the recognition of the
VEGF receptors fit-1 (R, and R.) and KDR/fik-1 (Keyt, B.
A. et. al.J. Biol Chem 271:5638-5646, 1996), and is present
in all known VEGF isoforms. The amino-acids encoded by
exoa 8 arc also present in all knowa isoforms. The isoforms
may be distinguished however by the presence or absence of
the peptides encoded by exons 6 and 7 of the VEGE-A gene,
and the presence or absence of the peptides encoded by these
exans results in structural differences which are transiated
into functional differcnces between the VEGF-A forms
(reviewed in: Neufeld, G., et al. Cancer Metastasis Rev, 15,
153-158. 1996).

Exon 6 can terminate after 72 bp at a donor splice site
wherein it contributes 24 amino acids to VEGF forms that
coatain il such as VEGFE-A, 4. This cxon 6 form is referred
o herein as exon 6a. However, the VEGR-A RNA can be
spliced at the 3' end of exon 6 using an alternative splice site
located 51 bp downstream (o the first resulting in a farger
exon 6 product containing 41 aminc-acids. The additional 17
amino-acids added to the cxon 6 product as a result of this
alternative splicing are referred to herein as exon 6b, VEGE-
Azps contains the clongated exon 6 composed of 6a and 6b,
but this VEGF form is much rarer than VEGF-A,,,.
(Tischer, E., et al.,J. Biol. Chem. 266, 11947-11954; Houck,
K. A, et al., Mol. Endocrinol.,, 1806-1814, 1991),

A putative fifth form of VEGF-A, VEGF-A, q, has been
noted in the huntan endometrium, using PCR. The authors
statc that (he scquence of the cDNA of the VEGF-A, 5
splice variant indicated thal it contained exons 1-5, 6 and 8.
However, il is uncertain whether the authors found that the
splice variant contained exons 6a and 6b as in VEGF-Ay,
cxon 6a as in VEGF-A, ,, or cxon 6b. The authors state thai
since the splice variant retains exon 6 it is probable that it
will be retained by the cell as are the other members of the
family thai countain this exon. (Charnock-Jones et al., Biol-
ogy of Reproduction 48, 1120-1128 (1993); sce also, Bacic
M., ¢t al. Growtl Factors 12, 11-15, 1995). The biologic
aclivity of this form was not established in that report
(Cheung, C. Y., et al, Am. J. Obstet. Gynecol, 173,

>
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751~759, 1995); Anthony, F. W. ct al., Placenta, 15,
557-561, 1994). The various isoforms, and the cxons that
encode the isoforms, are depicted in FIG. 1.

More recently, 2 VEGF-A protcin of 145 amino acids, and

nucleic acid encoding this protein, have been identified, and 3

its use for trcatiop the cardiovascular system and i1s diseases
has been identified (U.S. Scr. No, 08/784,551 now U.S, Pat.
No. 6,013,780, filed Jan, 21, 1997, published as WO
98/10071 on Mar. 12, 1998),

VEGF-A is known to bind to two of threc different °

endothelial cell receptors, each of which is a siogle trans-
membrane protein with a large extracellular portion com-
prised of 7 immunoglobulin-type domains and a cytoplas-
mic portion that functions as a fyrosine kinasc. These

tecoptors are R, (flt-1) (De Vries et al., Science 255:989-91, 1

1992), R, (KDR/K-1) (Terman et al., Biochem. Bioplys.
Res. Conumun, 187:1579-86, 1992), and R, ({1k-4) (Pajusola
ét al,, Cancer Res. 52:5738-43, 1992). There are distinct
selectivities betweon these receplors aad the various

VEGF-A and VEGF-related protein ligands that have not 0

been completely elucidated as yet. However, it is known that
" VEGF.Abinds to R, and R2 (Terman ¢t al., Growth Faciors
11:187-95, 1994) but not R; (Joukov et al., EMBO J.
15:290-98, 1996). R, is thought to be primarily responsibte

* for the angiogenic response of eadothelial cells to VEGF- »

like growth factors .(Gitay-Goren ¢t al., J. Biol. Chem.
271:5519-23 (1996)).

Accordingly, there is a need for new forms of VEGE-A
proleins that have modified affinities for matrix and low
affinity receptor. This modificd affinity will alter its bioavail-
ability when administered.

SUMMARY OF THE INVENTION

The present invention is dirccted to novel forms of VEGF 34

profeins, preferably human VEGF-A proteins. The peeferred
-use of the VEGF proteins and nucleic acid molecule com-
* positions of the invention is (o use such compositions to treat

the cardiovascular system aad its discases through effects on

anatomy, conduit function, and permeability. Such proteins 44

and compositions may be used to aid in (be trealment of
patients with heart discase, wounds, or other ischemic
conditions by stimulating angiogenesis in such palients.
These novel forms of VEGF proteins will have a modified

affinity for matrix and low affinity receplors. This modifi- 45

cation altees the bioavailability of the proteins when admin-
istered directly to cclls or when cells arc transduced with
DNA cncoding these proteins.

These novel VEGF proteins will possess a usique com-

bination of biological propertics that will distinguish them 350

from other VEGF forms. The unique combination of prop-
ernties of these VEGF protcins will reader them preferved
therapeutic agents in certain circurnstances for the treatment
of the cardiovascular system and its diseases as well as other

diseases characterized by vascular cell proliferation. In ss5

particular, the <DNA coding for these VEGF proteins may
be employed in gene therapy for treating the cardiovascular
system and its discases.

The novel VEGF-A protcins comprise amino acid

sequences coded for, for example, by VEGF-A exons 1-5, 60

Gb, and 8, or 1-5, 6b, 7, and 8 or a derivative thereof. These
protcins preferably do oot comprise the full amino acid
sequence of exon Ga and, preferably, do not have the same
properties, activity, and function of the corresponding

VEGF-A proteins that comprise the full amino acid 65

sequence of tX6n ba. Oher novel VEGF-A protcins com-
prise amino acid sequcnces coded for, for cxample, by

6

VEGF-A exans 1-5, 6a, 6b, and 8. These proteins preferably
do not have the same propertics, activity, and fuaction of the
corresponding VEGF-A proteins that do not comprise exon
tb.

Thus, in preferved embodiments of the inveation, & puri-
ficd polypeptide is provided, comprising an amino acid
sequence coded for by VEGF-A exons 1-5, 6b, aad 8,0ra
derivative thercof. In other preferred cmbodiments of the
invention, a purificd polypeptide is provided comprising an
amino zcid sequence coded for by VEGE-A cxons 1-5, 6b,
7, and 8, ar a derivative theceof,

I other preferred embodiments of the invenlion, a puri-
fied polypeptide is provided comprising an amino acil

. sequence coded for by VEGF-A exons 1-5, 6a, Gb, and 8, or

a derivative thercof. Preferably, the VEGEF-A polypeptide of
the invention is human VEGF-A. In preferred aspects, the
purificd polypeptide comprises the arvino acid sequence of
FIG. 3, FIG. 4, or of FIG. 5.

Also provided in the invention are pucificd and isolated
nucleic acid molecules coding for the purified polypeptides
of Lhe inveation, Preferably, the nucleic acid molecules have
the nucleotide sequence of FIG. 3 or FIG. 4, or of FIG. 5.

Also provided in the preseat invention are purified and
isolatcd nucleic acid molccules coding for a biologically
active {ragment of a 6b-modified VEGF protein, pecferably
VEGF-A, 5, VEGF-A; g, or VEGF-A,g,, or a derivative
thereof. Such fragments maintain most preferably up to
100% of the aclivity of the full length Gb-modified and have
at least 10%, more preferably at least 409, more preferably
at least 80% of the activity of the full length VEGE-A, 44,
VEGF-A, ¢, o1 VEGF-A g polypeptides.

Also provided are expression vectors comprising the

nucleic acid molecules of the invention, Prefecably, thesc.

veclors comprise adenovirus sequences; preferably the
expression veclos is an adenovirus vector. More preferably,
the nucleic acid is operably linked to a promoler sequence

. that is active in vaseular endothclial cells. The expression
-vector preferably fudher comprises a partial adenoviral

sequence from which the ELA/E1B genes have been deleted.
In another embodiment of the invention, a kit is provided
for intracoronary injection of a recombinant veclor express-

ing a Gb-modificd protein, preferably VEGF-A, 44, VEGE-...

Ay, 0f VEGF-A,g,, comprising: 1 nucleic acid molecule
encoding a 6b-modified protein, preferably VEGE-A, g,
VEGP-A 4., or VEGF-A,,, cloned into a vector suilable
for expression of said polynucleotide in vivo, 2 suitable
containor for said vector, aad instructions for injecting said
vector into a patient. Preferably, in the kif, the polyoucte-
olide is cloned inlo an adeaovirus expression vector.

In yet another aspect of the invention, a method is
provided for freating vascular disease in a mammal com-
prising the step of administering to said mammal a
6b-modified VEGF-A protein, preferably, VEGE-A s,
VEGFP-A, 45, 0t VEGF-Aga, 0r other 6b-modified VEGF-A
protein in a therapeutically effective amount to stimulate
vascular cell proliferation.

In apother aspect of the invention, a method is provided
for cnbancing endothelialization of discased vessels com-
prising the step of administering to a mammal a thcrapeu-

"~ tically cffective amouat of a Gb-modificd protein, preferably

VEGF-A,qz, VEGF-A 4, 0 VEGF-Ayp,. Preferably, the
cudothelialization. is -recndothelialization after angioplasty.
More preferably, the recndothelialization reduces or pre-
vents cestenosis.

In further aspects of these methods of the invention, the
paticot is treated with or withowt a stent. Preferably, the

V7
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mamrmals used in the methods of the invention are human,
however, it is contemplated that all mammals would be
candidates for these methods. In the methods of the
invention, the administeation may comprise gene therapy. in
preferred methods, the gene for gene therapy is administered
using an inflatable ballooa catheter coated with a polyaucle-
olide cacoding Gb-modified VEGF protein, preferably
VEGF‘AJ”. VEGF'A16=. or vEGF"A,s:»

In yet other preferred embodiments of the preseat
invention, the methods, compasitions, and veciors of the
invention may be used 10 enhance drug permeation by
tumors comprising administering to a patient a 6 b-modified
VEGF-A protcin or a nucleic acid molecule coding for a
6b-modificd VEGF-A protein, preferably VEGIF-A,,q,
VEGF-A 45, 01 VEGF-A,g.. The 6b-madificd VEGF-A pro-
tein may be delivered directly to a tumor cell, or it may be
delivered into the-vascular system, preferably at a site
. located closc 1o the site of the tumor, Thus, delivery of the
6b-modified VEGF-A protein in conjunction with chema-
therapy to remove or reduce the size of a tumor, will kelp 1o
enhance the cectiveness of the chemotherapy by increasing
drug uptake by the tumor. The 6b-medificd VEGE-A protein
delivered in this method may ecither be through direct
delivery of the polypeptide or protein, or through gene
therapy.

Thus, provided in the present invention is a method of
cohancing deug permealion by tumors comprising adminis-
tecing to a paticat 2 nucleic acid molecnle coding for a
6b-modificd VEGF-A protein, preferably VEGF-A,4q,
VEGF-Aj¢a, o _VEGF g, Preferably, the Gb-modified
VEGF-A protein is delivered dircctly into a fumor ccll.

In another aspect of the fnvention, a therapeutic compo-
sition is provided comprising a pharmaceutically accepiable
carrier and a 6b-modified VEGF peotein, preferably VEGF-
Agag, VEGP-A, ., or VEGF, g, in a therapeutically cffec-
live amount lo stimulate vascular cell proliferation. Also
provided as an aspect of the invention is a filtered injectable
adcnovirus vector preparation, comprising: a recombinant
adenovital vector, said vector containing no wild-1ype virus
and comprisiag: a partial adenoviral sequence from which
the EIA/ELIB genes bave been deleicd, and a (ransgene
codiog for a 6b-modified VEGF protein, preferably VEGF-
Ajsa VEGF-A s, or VEGF-A ., driven by a promoter
flanked by the partial adenoviral sequence; and a pharma-
ceutically aceeptable carrier,

In further embodiments of the invention arc provided
methods for treating cardiovascular discase in a2 mammal
comprising the stcp of transfecting cells of said mammal
with a nucleic acid molecule which encodes an aming acid
sequence coded for by VEGF-A cxons 1-5, 6b and 8. Also
provided are methods for treating cardiovascular disease in
a mammal comprising the step of transfecting cells of said
mammal with a nucleic acid molecule which cocodes an
amino acid sequence coded for by VEGF-A exans 1-5, Gb,
7, and 8. Also provided are methods for weating cardiovas-
cular disease in a mammal comprising the step of (ransfect-
ing cells of said mammal with a nucleic acid molecule which
encodes an amino acid scquence coded for by VEGF-A
cxons 1-5, 6a, 6b, and 8.

Preferably, the nuckic acid molecule employed in the
methods of the invention codes for VEGE-A,,,, VEGF-
A, 63 0r VEGF-A, g,. In preferred embodiments, the nucleic
acid molccule is cloned into a vecior. Preferably, the vector
comprises adeaovirus particles. Preferably, the adenovirus
veelor particles are delivered to said mammal by injection.
Preforably, the number of said adenovirus particles is
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between about 10° ta abowt 10, more preferably between
about 10'° to about 10™,

In further preferred aspects, the polynucleotide which
encodes a Gb-modified VEGF protein, preferably VEGF-
Aysg, YEGF-A g, or VEGF-A, ., is delivered 10 the heart
of a mammal. Intracoronary delivery of the polynucleotide
is preferred, preferably according (o the methods sei forth in
PCT/US96/02631, published Sep. 6, 1996 as W(096/26742,
hereby incorporated by reference herein. Preferably, an
intracaronary injection is conducted about 1 cm iato the
lumens of the left and cight coronary arteries.

Thus, in preferred embodiments, the transfected cells are
muscle cells, including but oot limited 1o myoblasts,
myocytes, cardiomyocyies, cardioblasts, and smooth muscle
cells. Preferably, the cells are cardiomyocytes. More
prefecably, the iransfected cells are coronary artery cells and
said injection is inlracoronary injection, More preferably, the
adenovirus particles arc injected at about 1 cm into the
lumens of the left and cight coronary arierics.

Preferably, (hese methods further comprise administering
a pofeatiating agent that polentiates the-angiogenic effect of
the 6b-modified VEGF-A polypeptide. Preferably, the poten-
tiating agent is an angiogenic FGF. More preferably, the
potentiating agent is sefected from the group consisting of
FGF-1, FGF-2, FGF-4, FGF-3, and FGF-6. N

In one preferred aspect of the methods of the invention,
the cells ave transfected in vivo. In other preferred aspects,
fhe said cells arc transfected ex vivo.

Endothelial cell prolifcration, such as that which occurs in
angiogenesis, is also useful in preventing restenosis folfow-
ing balloon angioplasty. The bailoon angioplasty procedure
often injuries the endothelial cells liniag the inner walls of
blood vessels, Smooth muscle cells oficn infltratc into the
opened blood vessels causing a secondary abstruction in 2
process known as restenosis. The proliferation of the eodot-
helial cells located at the periphery of the balloon-induced
damaped area in order to cover the luminal surlace of the
vessel with a new monolayer of endothelial cells would
polentially restore the original siructure of the blood vessel.

Thus, the present invention provides a method of treating
cardiovascular disease in a mammal comprising the step of
transfecting cells of said mammal with a polynucleotide
which encodes a 6b-modified VEGE-A protein, preferably
VEGF; 55, VEGF-A ¢a, 0r VEGF-A, 5. In preferred aspects,
the polynucleotide is cloaed into a vector. In further pre-
ferred aspects, the vector is an adenovirus vector. The
adenovirus veetor is preferably delivered to the mammal by
injection; preferably, about 10% 1o about 10" adenovirus
veclor particles arc delivered in the injection. More
preferably, about 10™ to abouwt 10™ adenovirus vector
particles are delivered in the injection. Most preferably,
about 10'* adesovirus vector particles arc delivered in the
injection.

Thus ia furthee preferred embodiments, the nucleic acid
molecule is iniroduced into the coronary artery by a catheter
inscried into said artery. Preferably, the catheter comprises
an inflatable balloon having an ouler surface adapted o
engage the inner wall of said artery, and wherein said nuclcic
acid molecule is disposed upon said balloon outer surface,

In preferred aspects of the methods of the invention, the
nucleic acid molecule compriscs the nucleolide sequence of
FIG. 3, FIG. 4, or FIG. 5.

In olber aspects of the invention, transformed or trans-
fected host cells arc provided which comprise the expression
veetors of the invention. Such host cells may be used in, for
example, methods of producing a VEGF-A polypeptide
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comprising growing, under suiteble conditions, a host cell
transformed or transfected with the yecombinant DNA
expression vector of the invention in a manner allowing
expression of said polypeptide, and isolating said polypep-
tide from the host cell,

Also provided in the present invention is a method of
treating a patient suffering from an ischemic condition
comprising adminisicring a therapeutic amouvat of a phar-
maceutical composition comprising a Gb-modified VEGE
profein, preferably VEGF-A, .4, VEGF-A,g,, or VEGF.
A, in a suitable carricr. Preferably, this method further
comprises administering an agent thal potentiates the thera-
peutic eflecl of said Gb-modificd VEGF-A polypeptide.
Preferably, the potentiating agent is selected from the group
consisting of FGF-1, FGF-2, FGF-4, FGF-5, and FGF-6.
Further, said ischemic condition is preferably sclected from
the group consisting of: cardiac infatction, chronic coronary
ischemia, chronic lower limb ischemia, stroke, and periph-
cral vascular diseuse,

For the treatment of peripheral conditions, such as periph-
cral vascular disease, administration of the pharmaceutical
compositions of the present invention is preforably by
delivery of a modified VEGF-A polypeptide or polynucie.
otide (or a vector comprising such a polynucleotide) 1o a
peripheral (issue in vivo. Preferably, this is achieved by
dircet injection into the peripheral tissue, or by introduction
into-a blood vesscl that supplies the peripheral tissue,

Also provided in the present invention are methods of
increasing vascular permeability comprising administering a
therapeulic amount of a pharmaceutical composition com-
. prising a Gb-modified VEGF-A protein, preferably VEGF-
Aysgs VEGEF-Ay g, or VEGF-A,,, in 2 suitable carrier,

Also provided in the present invention are methods of
treating a patient suffering from a wound comprising admin-
istering a therapeutic amount of a pharmaceutical composi-
tion comprising a Gb-modified VEGF protein preferably
. VEGF'AI” VEGF'Alaz, ar VEGF‘AIQZ in a Suilab’c car-
rier,

With the foregoing and other objects, advantages and
featurcs of the invention that will become hercinaficr
apparcnl, the naturc of the invention may be more cleady
understood by rcference to the following detailed descrip-
tion of the invention, the figures, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a geaphic depiction of the cxons that encode
various VEGF isoforms.

FIG. 2 depicts the nucleotide [SEQ ID NOS. 9, 11, 13, 15,
17,19, 21 and 25) and amino acid sequences [SEQ ID NOS.,
8,10,12, 14, 16, 18, 20 and 22] of VEGF-,,4, with the exons
indicated by underlinc. Nucleotides present in mature
VEGF-Ay,s transcripls are shown in uppercase letters.
Nucleotides present in the 5* flanking regions aad introns arc
in lower casc letters. The alanine residue corvesponding to
the amino terminus of the mature protein, afier the amino
lerminal secrction sigaal sequence is cleaved off, is indicated
with an asterisk,

FIG. 3 depicis the nucleotide [SEQ ID NO. 25] and amino
acid sequences [SEQ ID NO. 24] of the VEGF-A, 5, protein
coding region. The alanine residue corresponding to the
amino terminus of the malure proicin, after the amino
terminal secretion signal sequence is cleaved off, is indicated
with an asterisk,

FIG. 4 depicts the nucleotide [SEQ 1D NO. 27] and amino
acid sequences [SEQ ID NO. 26] of the VEGF-A,, 4, protein
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coding region. The alanine residuc corresponding to the
amino lerminus of the mature protein, afier the amino
terminal secretion signal sequence is cleaved off, is indicated
with an asterisk.

FIG. 5 depicts the nucleotide [SEQ ID NO. 29] and amino
acid sequences [SEQ ID NO. 28] of the VEGF-A ¢, protein
coding region. The alanine residue corresponding to the
amino lcrminus of the mature protein, after the amino
terminal secretion signal sequence is cleaved off, is indicated
with an asterisk,

DETAILED DESCRIPTION OF THE

INVENTION
BCE Bovine corneal endothelis) cells
BFGEF i Basie fibroblast growth factor
ECM Extracellular maldx
HUVEC Human vmbllical vein denived endothelial cells
VEGF Vascular endothelial growth factor
VEGF-A Vascular endothelial growth factor-A
VEGF-A.,, Vascular endothelial growth
facior-A form containing a
designated aumber (xxx) of
aminc-acide,

6b-madified VEGF-A

-

Vascolar endothelial growth
factor protein comprising xxon
6b, not including VEGF-Axge.

The present invention relates lo novel VEGF-A protein
products, and nucleic acids crcoding the novel protein
products comprising, for example, exons 1-5, 6b and 8, 1-5,
6b, 7 and 8, or 1-5, Ga, Gb, and 8, of VEGF-A proteins, and
their uses thereof in treating cardiovascular discase. As used
herein “cardiovascular disease™ means disease which results
from a cardiovascular insufficiency, including, but not lim-
ited to, coronary artery discasc, congestive heart failure, and
peripheral vascular diseasc. The methods of the prescat
invention refate to the treatment of mammalian palicnts,
preferably humaus,

“VEGF-A, 55" refers to a form of VEGF-A containing
about 138 amino-acids and containing the peptides cncoded
by exons 1-5, Gb and 8 of the VEGF-A gene. The term
“VEGF-A,,g" also refers to derivatives and functional
equivaleats of the native VEGE-A,,, nucleic acid or amino
acid sequence, Mature VEGF-A,,, monomers comprise the
amino acid sequence shown in FIG. 3. However, as uscd
hercin, the term VEGF-A ,, refers to bath the mature form
and the pro-form of VEGF-A,,, including a signal
sequence, or derivatives or functional equivalents thereof,

“VEGF-A,g." refers to a form of VEGE-A containing
about 182 amino-acids and containing the peptides cncoded
by cxons 1-5, 6b, 7 aud 8 of the VEGF-A gene. The term
“VEGF-Aqg, " also refers to derivatives and functional
equivalents of the native VEGE-A,, nucleic acid or amino
acid sequence. Mature VEGF-A, ;. monomers comprisc the
amino acid sequence shown in FIG. 4. However, as used
herein, the term VEGF-A, ., refers (o both the mature form
and the peo-form of VEGF-A,,., including a signal
sequence, or derivatives or functional equivalcnts thereof.

“VEGF-A,q," refers 1o a form of VEGF-A coataining
about 162 amino-acids and containing the peplides cncoded
by exons 1~5, 63, 6b and 8 of the VEGF-A genc. The term
“VEGF-A,." also refers 1o derivatives and functional
cquivalenis of the native VEGF-A, .. nucleic acid or amino
acid sequeace. Mature VEGF-A, ¢, monomers comprise the
amino acid sequence shown in FIG. 5. However, as used
herein, the term VEGF-A, ., refers to both the mature form
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and the pro-form of VEGF-A,.., including a sigual
sequence, or derivatives or functional equivalents theceof.
“Derivatives” of a VEGF-A, 45, VEGF-A, 4,5, VEGF-A g0
or other 6b-modified VEGF protein are functional equiva-
lents having similar arino acid sequences and retaining, to
some extent, the activitics of VEGF-A,.,, VEGF-A .,
VEGE-A,g., or other 6b-muodilted VEGF protein. By “func-
tional equivalent™ is meant the derivalive has an activity that
can be substituted for the activity of VEGF-A .., VEGF-

s

Aygae VEGF-A g, or other 6b-modified VEGE protein. 4

Preferred functional equivalents retain the full level of
aCﬁVily Of VEGF-AI”’ VEGF'A:G:, VEGF'AIB-’_ or O(he(
6b-modificd VEGF protein as measured by assays known to
these skilled in the art, andfor in the assays described herein,
Preferred functional cquivalents have activilies that are
within 1% to 10,000% of the activity of VEGF-A, 5, VEGE-
A6 VEGF-A,g. or other Gb-modified VEGF protein, more
peeferably between 10% (o 1000%, and more preferably
within 50% to 200%. Derivatives have at least 50%
sequence similarity, preferably 70%, more preferably 90%,
and cven more preferably 95% sequence similarity to
VEGF-Afy;, VEGP-A g, VEGF-A,g, or similarly
6b-modified VEGF protein. “Sequence similarity” refers to
“homelogy" observed between aming acid sequeaces in two
. different polypeptides, irrespective of polypeptide origin.

The ability of the derivative to retain some activity can be
measured using techniques described berein andfor using
techniques known 1o those skilled in the art for measuriag
the activily of other VEGI-A isoforms. Derivatives include
modification occurring during or after translation, for
cxample, by phosphorylation, glycosylation, crosslinking,
acylation, proteolylic cleavage, linkage to an amtibady
molecule, membrane molecule or other ligand (scc Ferguson
ct al,, 1988, Annu. Rev: Biochen:. 57:285-320).

Specific types of derivalives also include amine acid
alterations such as deletions, subslitutions, additions, and .
amino acid modifications. A “deletion” refers to the absence
of one or more amino acid residue(s) in the related polypep-
lide. Aa “addition™ refers to the presence of one or more
amino acid residue(s) in the related polypeptide. Additions
and deletions to a polypeptide may be at the amino terminus,
the carboxy terminus, and/or intemal. Amino acid “modifi-
cation” refers to the alteration of a naturally occwrring amino
acid (o produce a oon-gaturally occurring amino acid. A
"substitution” refers to the replaccment of ape or more
amino acid residuc(s) by another amino acid residue(s) in
the polypeplide. Derivatives can conlain different combina-
tions of alterations including more than one alteration and
different types of allerations.

Although the cffect of an amino acid chaage varies
depending upon factors such as phosphorylation,
glycosylation, intra-chain linkages, tertiary structure, and
the role of the amino acid in the active silc or a passible
allosteric site, it is genccally preferred ‘that the substituted
amino acid is from the same group as the amino acid being
replaced. To some extent the following groups contain
amino acids which arc interchangeable: the basic amino
acids lysine arginine, and histidine; the acidic amino acids
aspartic and glutamic acids; the neatral polar amino acids
serine, threonine, cysteine, glutamine, asparagine and, to a
lesser exteat, methionine; the nonpolar aliphatic amino acids
glycinc, alanine, valinc, isoleucine, and leucine (however,
because of size, glycine and alanine are morc closcly related
and valing, isoleucine and leucine arc more closcly celated);
and the aromatic amino acids phenylalanine, tryptophan, and
tyrosine. In~&ddition, "alihiough classificd in different
calcgories, alaniuc, glycine, and scrinc scem 1o be iater-
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changeablc to some extent, and cysicine additionally fits into
this group, or may be classified with the polar neutral amino
acids,

Although proline is a nonpolar neutral amino acid, its
replacement represents difficultics because of its effects on
conformation, Thus, substitutions by or for proline are not
preferred, except when the same or similar conformational
results can be obtained. The conformation conferring prop-
erties of proline residues may be obtained if oae or more of
these is substituted by hydroxyproline (11yp).

Examples of modificd amiao acids include the following: -

altered ncutral nonpolar amino acids such as amigo acids of
the formula H,N(CH.),,COOH where n is 2-6, sarcosinc
(Sar), t-butylalanine (1-BuAla), t-butylglycine (t-BuGly),
Nemethyl isoleuciae (N-Melle), and norleucine (Nleu);
altered noutral aromatic amino acids such as pheaylglycine;
altered polar, but neutral amino acids such as citruiline (Cit)
and methionine sutfoxide (MSQ); altered neutral and non~
polar amino acids such as cyclohexyl alanine (Cha), altcred
acidic amino acids such as eysieic acid (Cya); and altered
basic amino acids such as omithine (Orn).

Preferred derivatives have one or more amino acid
alieration(s) that do not significantly affect the rccepior-
binding or ather activity of the 6b-modificd VEGF protcin.
In regions of the 6b-madificd VEGF polypeplide sequence
not necessary for the 6b-modified VEGF protein activity,
amino acids may be deleted, added or substituted with less
risk of affecting activity. In regions required for ‘the
6b-modified VEGF protein activity, amino acid alterations
are less preferred as there is a groater risk of affecting
activity. Such altecations should be conservative alteratioas.
For example, one or more amino acid residues within tbe
sequence can be substituted by another amino acid of a
similar polarity which acls as a functional equivalent.

Conserved regions tend to be more important for protein
activity than non-conserved regions. Standard procedures

. can be used to determine the conserved and non-conserved
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‘regions important for receptor aclivity using in vitro

mitagenesis techniques or deletion analyses and measuring
receplor activity as described by the present disclosure,

Derivatives can be produced using standard chemical

techaiques and recombinant nucleic acid molecule techawms

niques. Modifications 10 a specific polypeptide may be
deliberate, as through site-directed mutagenesis and amino
acid substitution during solid-phase synthesis, or may be
accideatal such as through mutations in hosts which produce
the polypeptide. Polypeptides including derivatives can be
obtained using standard techniques such as those described
in Sambrook et al., Molecalar Cloning, Cold Spring Hatbor
Laboratory Press (1989). For example, Chapter 15 of Sam-
brook describes procedures for site-directed mulagenesis of
cloncd DNA,

In onc aspect the invention featvres a nuclsic acid
molecule, or polyoucleotide cncoding a 6b-modificd VEGF
protein, In some situations it is desirable for such oucleic
acid molecule (o be isolated or enriched, or purified. By the
use of the term “corichied” in reference to nucleic acid
molecule, polypeptide, or protein is meant that the specific
DNA or RNA sequence, polypeplide, or protein constitutes
a significantly higher fraction (2-5 fold) of the fota] DNA,
RNA, polypeptide or protein preseat in the cells or solution
of interest than in normal or discased cells or in the cells
from which the sequence was taken. This could be caused,
for example, by a person by preferential reduction in the
amount of other DNA or RNA present, or by a preferential
increase in the amount of the specific DNA or RNA

~a
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sequence, of by a combination of the two, However, it
should be noted that enriched does not imply that there are
no other DNA or RNA scquences present, just that the
relative amount of the sequence of interest has beea sigaifi-

cantly increased. The term significant hereris used to indicate 5

(hat the levet of increase is uscful to the person making such
an increase, and geuerally means an increase relative to
other nucleic acids of about at least' 2 fold, more preferably
al least 5 10 10 fold or even more. The termn also does oot

imply that there is no DNA or RNA from other sources. The 10

other source DNA may, for example, compsise DNA from a
ycast or bacterial genome, or a cloning vector such as
pUCI9. This term distinguishes from naturally occurring
events, such as viral infection, or tumor type growths, in

which the lovel of oné mRNA may be paturally increased 15

relative (o other species of mRNA, That is, the term is meant
to cover only those situations in which a person has inter-
vened 10 elevate {he proportion of the desired nucleic acid.

Use of the term “isolated™ indicates that a DNA, RNAor

protein has been removed from its maturally occurring 20

environment. Thus, the sequence may be in a cell-free
solution or placed in a differcnt cellular environment, The
term does-nal.imply that the sequence is the only nucleotide
chain or polypeptide prescat, but that it is essentially free

(about 90-95% pure at least) of non-nucleotide or non- 25

peptide material naturally associated with it.

It is also advantageous for some purposes that a nucle-
otide sequeace or polypeptide be in purified form, eg.,
cloned or recombinant, The term “purified” does not require
absolute purity (such as 2 homogencous preparation);
instead, it represents  an iodication thal the sequence is
relatively pucee than in the natural eavironment (campared
to the natural level this level should be at least 2-5 fold
greater, ¢.g., in ferms of mg/ml).

The nucleic acid molcculc may be coostructed, for ~
cxample, from an existing VEGF-A mucleolide scquence by
-modification usiog, for example, oligonucleotide sitc-
dirccted mutagenesis, by deleting scquences using restric-
tion enzymes, by adding sequeaces ablained by subcloning
or PCR, or as described herein. Standard recombinant tech-
niques for mutagenesis such as in vitto site-directed
mutagencsis (Hulchinson et al., J, Biol. Chent. 253:6551,
(1978), Sambrook et al., Chapter 15, supra), use of TAB®
linkers (Phatmacia), and PCR-direcled mutagencsis can be
used to create such mutations. The nucleic acid molecule
may also be synthesized by the triester method or by using
an automated DNA syathesizer.

~The invemtion also features recombinast DNA vectors,

s

preferably in a cell or an organism. The recombinant DNA. 4

vectors may contain a scquence coding for a VEGE-A 4,
VEGF-A,., VEGF-A,g,. or other 64-modificd VEGF-A_

protein or a functional derivative thereof in a vector cons™

taining-a promoter cffective to initlate transcription in a host

cell. The fécombinant DNA vector may contain a tanscrip- 55

tional initiation region functional ia a cell and a transcrip-
tional termination region functional in a cell. Where the
DNA vector contains sufficient control sequences, such as
initiation and/or termination regions, such that the inscrted

nucleic acid molecule may t expressed in a host cell, the ¢

veelor may also be called an “cxpression vector.”

The present invention also relates to a cell or organism
that contains the above-described nucleic acid moleenle or
recombinant DNA vector and thereby is capable of express-

ing a VEGF-A,;,, VEGF-A,;,, VEGF-A ., or other 65

Gb-modified-VEGF-A peptide. The peptide may be purified
from cells which have been altered 1o express the polypep-
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tide. A cell is said (o be “altered to express a desired
polypeptide™ whea the cell, through geaetic manipulation, is
made to produce a protein which it normally docs not
praduce or which the cell rormally produces at lower levels.
Onc skilled in the art can readily adapt procedures foc
incoducing and cxpressing either genowmic, cDNA, or syn-
thetic sequences into either gukaryotic or prokaryotic cclls,

A nucleic acid molecule, such as DNA, is said (o be
“capable of expressing” a polypeptide if it contains nucle-
otide scquences which contain transcriptional and transla«
tional regulatory information and such sequences are “oper-
ably linked” to nucleotide scquences which cocode the
polypeptide. The precise natuce of the regulatory regions
nceded for gene sequence expression may vary from organ-
ism to organism, but shall in general include a promoter
region which, in prokaryotes, contains both lhe promoater
(which directs the initiation of RNA trapscription) as well as
the DNA sequences which, when transceibed into RNA, will
signal synthesis initiation. Such regions will normally
include those 5'non-coding sequences involved with initia-
tion of transcription and translation, such as the TATA box,
capping sequence, CAAT scquence, and the like.

For example, the entire coding sequence of VEGE-A 44
may be combined with onc or more of the following in an
appropriate expression veclor to allow for such expression:
(1) an exogenous promoter sequence (2} a ribosome binding
sile (3) a polyadenylation signal (4) a secretion signal (5) a
promiscuous or tissue specific enhancer. Modifications can
be made in the 5-untranslaled and 3'-untranslated scquences
to improve cxpression in a prokaryotic or eukaryotic ccll, or

3p codons may be modificd such that while they ¢ncode an

ideatical amino acid, that codon may be a preferred codan
in lhe chosen expression system. The use of such preferred
codons is deseribed in, for example, Grantham ct al., Nuc.
Acids Res., 9:43-74 (1981), and Lathe, J. Mol Biol
183:1-12 (1985) hereby incarporated by refereace berein in
their entirety. These publications, and all other publications
refercnced herein, are hereby incorporated by reference in
their entirety.

If desired, the non-coding region 3' (o the genomic

40 VEGF-A protein sequeace may be operably linked 1o the

nucleic zcid molecule encoding, for example, VEGE-A, 4.
This region may be used in the recombinant DNA vector for
its transcriptional tcrmination regulatory scquences, such as
termination and polyadeaylation. Thus, by retaining the 3'

45 vegion naturally contiguous to the DNA sequence cncoding

VEGF-A transcriplional termination signals, or scquences
involved in message slability may be provided.
Alteruatively, a 3' region functional in the host cell may be
substituted.

An aperable linkage is a linkage in which the regulation,
DNA sequences and the DNA sequence sought to be
expressed are“conaccled in such a way as to permit gene
sequeace expression. Two DNA sequences (such as a pro-
moter region sequence and a VEGF-A, 4, protein sequence)
are said to be operably linked if the nature of the liakage
between the two DNA sequences does not (1) result in (he
introduction of a frame-shift mutation in the coding
sequence, (2) interfere with the ability of the promoier
region sequence to direct the transcription of VEGF-A 54
protein geoe sequence, or (3) interfere with the ability of the
VEGF-A,,4 prolein genc sequence (o be transcribed by the
promoter region sequence. Thus, a promoter region would
be operably linked to 2 DNA sequence if the promoter were
capable of effecting transcripfion of (hat DNA sequence.
Thus, to cxpress a VEGE-A, .4, transceiptional aod transla-
tional signals recogaized by an apprapriate host are neces-
sary.
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Those skilled in the arl will recognize that the novel
VEGF proteins of the present inveation may also be
expressed in various ccll systems, both prokaryotic and
cukaryotic, all of which are witbin the scope of the present
invention.

Although the novel VEGF proteins of the present inven-
tion may be expressed in prokaryotic cells, which arc
generally very efficient and convenient for the produciion of
recombinant proteins, the VEGF proteins produced by such
cells will not be glycosylated and thercfore may have a
shoricr half-life in vivo. Prokaryotes most frequently are
represented by various strains of E. coli. However, other
microbial strains may also be used, including other bacterial
sirains, Recognized prokaryotic hosts include bacteria such
as E. coli, Bacillus, Streptomyces, Pseudomonas,
Salmonclla, Serratia, and the like, The prokaryotic host must
be campalible with the replicon and control sequences in the
expression plasmid, .

In prokaryotic systems, plasmid vectors that contain rep-
lication sites and control scquences derived from a specics
compatible with the host may be used. Examples of suitable
plasmid vectors may include pBR322, PUC118, pUCL19
and the like; suitable phage or bacicriophage vectors may
include Agt10, Agtil and the like; and suitable virus vectors
may include pMAM-neo, pKRC and the like. Preferably, the
selected vector of the present invention has the capacity to
replicate in the selected host cell,

To express VEGF pplypeptides or subunits (or a func-
tional derivative thereof) in a prokaryotic cell, it is necessary
to operably Jink the 6b-modified VEGF oucleic acid
sequence 1o a functional prokaryotic promoter. Such pro-
molers may be either constitutive or, more preferably, regu-
latable (i.c., inducible or repressible). Examples of consti-
lutive promoters include the int promoter of bacleriophage
A., the bla promoter of the B-lactamase gene sequeace of
pBR322, and the CAT promaler of the chloramphenicol
acety] transferase gene sequence of pPR325, and the like.
Examples of inducible prokaryotic promoters include the
major right and lcft promoters of bacteriophage A (P, and
Pp), the tp, recA, lacZ, lacl, and gal promoters of E. cofi, the
a-amylase (Ulmanen et al, J. Bacteriol 162:176-182
(1985)) and the _-28-specific promoters of B, sublilis
(Gilman et al.,, Gene sequence 32:11-20(1984)), the pro-
moters of the bacteciophages of Bacillus (Gryczan, In: The
Malecular Biology of the Bacilli, Academic Press, Inc., NY
(I 982)), aud Streplomyces promoters (Ward ot at., Mol.
Gen. Genel. 203:468-478(1986)). Prokaryotic promoters
are reviewed by Glick (J. Ind. Microbiot. 1:277-282(1987));
Cenatiempo (Blochimie 68:505-516(1986)); and Gottesman
(Ann. Rev. Gener. 18:415-442 (1984)).

Proper expression in a prokaryotic cell also requires the
presence of a ribosome binding site upstream of the gene
stquence-encoding sequence. Such ribosome binding. sites
are disclosed, for example, by Gold et at. (Ann. Rev: Micro-
biol. 35:365-404(1981)). The tibosome binding sitc and
otiter sequences required for translation initiation are opet-
ably linked to the nucleic acid molecule coding for VEGF-
A,y by, for example, in frame ligation of synthetic oligo-
nucleotides that contain such control sequences. For
expression in prokaryotic cells, no signal peptide sequence

s required. The sclection of control sequences, expression
vectors, transformation methods, and the like, are dependent
on the type of hosl celf uscd to cxpress the gene.

As used herein, “cell”, “cell line”, and “cell culture” mzy
be used interchangeably aund all such designations include
progeny. Thus, the words “transformants” or “Iransformed
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cells” include the primary subject cell aad cultures derived
therefrom, without regard Lo the number of transfers. For
example, VEGF-A,,, ‘cxpressed in prokaryotic cells is
expected (o comprise a mixture of praperly initialed VEGE-
A,ss protein peptides with the N-terminal sequence pre-
dicted from the sequence of the expression vector, and
VEGF-A,,; protcin peptides thal have an N-terminal
methionine resulling from inefficient cleaving of the initia-
tion methioning during bacterial expression. Both types of
VEGF-A,, peplides arc considered to be within the scope
of the present invention as the presence of an N-t¢rminal
methiogine is not expected 10 affect biological activily. It is
also undersiood that all progeny may pot be pregisely
identical in DNA coateat, due to deliberate or inadvertent
mutations. However, as defined, mutant progeny bave the
same functionalily as that of the originally transformed celi.

Preferred prokaryotic vectors include plasmids such as
those capable of replication in E. coli (such as, for example,
PBR322, ColEl, pSC101, pACYC 184, VX, Such plas.
mids are, for example, disclosed by Sambrook (cf. “Molecu-
far Cloning: A Laboratory Manual”, second edition, cdited
by Sambrook, Fritsch, & Maniatis, Cold Spring Harbor
Laboratory, (1989)). Bacillus plasmids include pCl194,
pC221, pT127, and the like. Such plasmids arc disclosed by
Gryczan (In: The Molecular Biology of the Bacilli, Aca-
demic Press, NY (1982), pp. 307-329). Suitable Streplomy-
ces plasmids inclede pJ101 (Kendali et al., J. Bacieriol,
169:4177-4183 (1987)), and streptomyces bacteriophages
such as $C31 (Chater et al., In: Sixtlt International Sympo-
Sium on Actinomycetales Biology, Akademiai Kaido,
Budapest, Hungary (1986), pp. 4554). Pscudomonas plas-
mids are reviewed by Johm et al. (Rev: Infect. Dis. 8:693-704
(1986)), and Izaki (/pn. J. Bacteriol. 33:729-142(1978)).

Eukaryotic host cells that may be used in the expression
systems of thie present inveation are not strictly limited,
provided that they arc suitable for use in the expression of
the 6b-modificd VEGF proteins of the inveation, Preferred
cukaryotic hosts include, for example, yeast, fungi, insect
cells, mammalian cclls cither in vivo, or in tissue culture,
Mammalian- cells which may be useful as hosts include
Hela cells, cells of fibroblast origin such as Vero ar CHQ-
K1, or cells of lymphoid origin and their derivatives,

The 6b-modified VEGF proteins of the present invention
may also be expressed in buman cells such as human embryo
kidney 293EBNA cclls, which cxpress Epstein-Barr virus
nuclear anligen 1, as described, for oxample, in Olofsson, B, )
ctal,, Proc. Nail. Acad. Sci. USA 93:2576-2581 (1996). The
cells are transfected with the expression vectors by using, for
example, a calcium phosphate precipitation or lipofection
method, and the cells ace then incubated-for at Jeast 48
houes. The VEGF peptides may thea be purified from the
supernatant as described in Example 11.

In addition, plant cclls arc also available as hosts, and
control sequences compatible with plant cells are available,
such as the cauliflower mosaic virus 35S and 19S, and
nopaline synthase promoter and polyadenylation signal
scquences. Another preferred host is an insect cell, for
cxample the Deosophila larvae, Using insect cells as hosts,
the Drosophila alcohol dehydrogenase promoter can be
uscd. Rubin, Science 240:1453-1459(1988).

Any of a series of yeas| gene sequence expression systems
can be utilized which incorporate promoter and termination
clements from the actively expressed gene sequences cading
for glycolytic eozymes are produced in large quantilics
when yeast arc grown in mediums rich in glucosc. Known
glycolylic gene sequences can also provide vory cificient
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teanscriptional control signals. Ycast provides substantiat
advaniages in that it can also carry out post-translational
peptide modifications. A number of recombinant DNA stral-
cgies exist which utilize strong promoter sequences and high
copy number of plasmids which can be utilized for produc-
tion of the desired proteins in yeast. Yeas! recogaizes leader.
sequences on cloned mammalian genc sequence products
and secretes peptides bearing leader sequences (ie.,
prepeptides) . For a mammalian host, several possible vector
systems are available for the expression of the 6b-modificd
VEGF peptides and of the invention.

A wide variety of transcriptional and translational regu-
latory sequences may be employed, depending upon the
nature of the host. The transcriptional and translational
regulatory signals may be derived from viral sources, such
as adenavirus, bovine papilloma virus, cylomegalovirus,
simian virus, or the like, where the regulatory signals are
associated with a parlicular gene sequence which has a high
fevel of expression. Allernatively, promoters from mamama-
lian expression products, such as actin, collagen, myosin,
and the like, may be employcd. Transcriptional initiation
regulatory signals may be selected which allow for repres-
sion or activation, so that cxpression of the gene SEqUEnCEs
can be modulated, Of interest are regulatory signals which
are temperature-sensitive so that by varying the temperature,
cxpressiont can be repressed or initiated, or are subject to
chemical (such as metabolite) regulation.

Expression of the Gb-modified VEGF protein of the
invention in cukaryotic hosts requires the use of eukaryatic
regulatory regions. Such regions will, in general, include a
promater tegion sufficient to direct the initiation of RNA
synthesis. Preferred cukaryotic promoters include, for
example, the promoter of the mouse metallothioncin I genc
sequence (Hamer et al., J. Mol Appl Gen. 1:273-288
(1982)); the TK promoter of Herpes virus (McKnipht, Celf
31:355-365 (1982)); thc SV40 cacly promoter (Benoist et
al., Nawre (London) 290:304-310(1981)); the yeast gald
gene sequence promoter (Johaston et al., Proc. Natl, Acad,
Sci. (USA) 79:6971-6975(1982); Silver ct al., Proc. Nail,
Acad, Sci. (USA) 81:5951-5955 (1984)).

Teanslation of eukaryotic MRNA is initiated at the codan
which encodes the first methionine. For this reason, it is
preferable to ensure that the linkage between a cukaryotic
promoter and 2 DNA scquence that cacodes a VEGF-A,
VEGF-A;¢z, VEGF-Agn, or other Gb-modified VEGF
protein, a functional derivative thereof, does not contain any
intervening codons whith are capable of cncoding a
methionine (i.e., AUG). The presence of such codons results
cither in a formation of a fusion protein (if the AUG codon
is in the same reading frame as, for example, the VEGF-A,,,
protein coding sequence) or a frame-shift mutation (if the
AUG -codon is not in (he samc reading frame as, for
example, the VEGF-A, 5, protein coding sequeace).

A 6b-modificd VEGF nucleic acid molecule and an oper-
ably linked promoter may be introduced into a recipicnt
prokaryotic or eukaryotic cell cither as a nomreplicating
DNA (or RNA) molecule, which may either be a linear
molecule or, more preferably, a closed covalent eircular
molecule. Because such molecules are incapable of autono-
mous replication, the expression of the gene may oceur
through the transient expression of the intraduced sequence.
Altemnatively, permanenl expression may occur through the
integration of the introduced DNA sequence into the host
chromosome,

- Aveclor may be cmploycd that is capable of integrating

the destred gene scquences into the bost cell chromosome.
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Cclls that have stably integrated the introduced DNA into
their chromosomes can be sclected by also introducing one
or more markers that allow for selcction of host cclls which
contain the expression vector. The marker may provide for
prototrophy (o an auxotrophic hosl, biocide resistance, c.g,,
antibiotics, or heavy metals, such as copper, or the like. The
scleciable matker gene sequence can either be directly
linked fo the DNA gene scquences to be expressed, oc
introduced into the same cell by co-transfection. Additional
clements may also be nceded for optimal synthesis of single
chain binding protein mRNA. These elements may include
splice signals, as well as teanscription promoters, enhancers,
and termination signals. cDNA expression vectors incorpo-
ratiog such clements include those described by Okayama,
Molec. Cell. Biol, 3:280(1983).

‘The introduced nucleic acid meleeule can be incorporated
into a plasmid or viral vector capable of autonomous repli-
cation in the recipient bost, Any of a wide variety of veclors
may be employed for this purpose. Factors of importance in
selecling a panicular plasmid or viral vector include: the
ease with which recipient cells that contain the vector may
be recognized and sclected from these recipicnt cells which
do noi contain the vector; the number of copies of the vector
which are desired in a particular host and whether it 15
desirable (o be able to “shultle” the vector between host cells
of different species.

Preferred eukaryotic plasmids include, for example, BPY,
vaccinia, SV40, 2.micron circle, and the like, or their
derivatives. Such plasmids arc well koown in the art
(Botstein et al., Miami Wnrr. Symp. 19:265-274(1982);
Broach, In: “The Molecular Biology of the Yeast Snccharo-
myces: Life Cycle and Inheritance”, Cold Spring Hacbor
Laboratory, Cold Spring Harbor, N.Y,, p. 445-470 (1981);
Broach, Cell 28:203-204 (1982); Bollon ct al, J. Clin.
Hematol, Oncol, 10:39-48 (1980); Maniatis, la: Cell Biol-
ogy: A Comprehensive Treatise, Vol. 3, Gene Sequence
Expression, Academic Press, NY, pp. 563-608(1980).

A “vector” (sometimes referved to as gene delivery or
gene transfer “vehicle™) refers to a macromolecule or com-
plex of molecules comprising a polynucleotide o be deliv-
ered to a host cell, cither in vitro or in vivo. The polynucle-
otide to be delivered may comprise a coding sequence of
interest in gene therapy. Vectors include, for example, viral
vectors (such as adenoviruses (*Ad’), adeno-assaciated
viruses (AAV), and retroviruses), liposomes and other lipid-
containing complexes, and other macromolecular coms
plexes capable of mediating delivery of a polynucleotide to
a host cell. Vectors can also comprise other components or
functionalitics that further modulate gene delivery and/or
geoc expression, or that otherwise provide beneficial prop-
crtics to the fargeted cells. As described and illusteated in
more detail below, such other components include, for
example, components that influence binding or targeting to
cells (including components that mediate cell-type or tissue-
specific binding); components that influence uplake of the
veetor nucleic acid by the cell; components that influcace
localization of the polynuclcotide within the cell after uptake
(such as ageats mediating nuclear localization); and com-
ponents that iuflucace expression of the polynucleotide.
Such components also might include markers, such as

detectable and/for selectable markers that can be used to-

deteet or select for cells that have taken up and are cxpress-
ing the nucleic acid deliveced by the vecior. Such compo-
nents can be provided as a natural feature of the vector (such
as the use of certain viral vectors which have components or
functionalities mediating binding and uptake), or veciors can
be modified to provide such functionalities. A large variety

<,
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of such veclors are known in (he art and are generally
available (see, ¢.g., the various references cited berein).

In preferred methods of enhancing candiac function
according to one of the preceding embodiments, the veclor
is a viral vector ar a lipid-based vector, prcferably a viral
veglor, The veclor can be a targeted vector, cspecially a
targeted veclor that prefercatiatly binds to ventricular myo-
cytes. Presently preferred viral veclors are derived from
adenovitus (Ad) or adeno-associated virus (AAV). Both
human and aon-human viral veciors can be used but pref-
crably the recombinant viral vector is replication-defective
in humaas. Where the vector is an adenovirus, it preferably
compriscs a polynucleotide having a promoter operably
linked to a genc cnooding an angiogenic protein or peptide,
and is replication-defective in humans.

Presently preferved replication-defeclive adenoviral vec-
tors have deletions that remove the E1A and E1B genes, or
have deletions that remove the E1A, E1B and E4 genes.
Preferably about 10'° to 10™* adenovirus vector palicles,
more preferably about 10 to 10*? vector particles, most
preferably about 10** vector particles, are introduced into a

blood vessel, preferably a blood vesscl supplying the myo-
cardium.——

For AAV vectors, the vector preferably comprises a
polynucleotide having a promoter aperably linked to a gene
cncoding an angiogenic protein or peptide, and preferably,
the gene encoding the angiogenic profcin or peptide is
flanked by AAV inverted terminal cepeats (ITRs).
Preferably, the AAV vector is replication-defective in
humans, Presently preferred replication-defective AAV vec-
tors have deletions affecling one or more AAV replication or
encapsidation sequences. Altermatively, the vector can be s
lipid-based vector comprising a gene encoding an angio-
genic protein or peplide as described hereia.

Oncee the vector or nucleic acid molecule containing the
construct(s) has been prepared for expression, the DNA
construct(s) may be introduced into an appropriate host cell
by any of a variely of suitablc means, i.c., transformation,
transfection, conjugation, protoplast fusion, clectroporation,
particle gun technology, lipofection, calcium phosphate
precipitation, direct microinjection, DEAE-dextran
transfection, and the like. The most effective method for
transfection of eukaryotic ccll lincs with plasmid DNA
varics with the given cell type. Aficr the introduction of the
vector, recipient cells are grown in a selective medium,
which selects for the growth of vector-containing cells,
Expression of the cloned gene molecule(s) results in the
production of a 6b-madified VEGF. This can take place in
the transformed cclfs as such, or following the induction of
these cells (o differentiate (for examplc, by administration of
bromodcoxyuracil lo reuroblastoma cells or the like). A
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variety of incubation conditions can be used.jo form- the™

peplideof the present invention,"The mosi preferred condi-
tions are those which mimic physiological couditions.
Production of the stable transfectants, may be accom-
plisbed by, for example, by transfection of an appropriate
cell line with a enkaryotic expression vector, such as pCEP4,
in which the coding sequence for the 6b-modified VEGF
protein has been cloned into the multiple cloning site, These
expression veciors contain a promoter region, such as the
human cytemegalovirus promoter (CMV), that drive high-
level transcription of desired DNA molecules in a varicty of
mammalian cells. In addition, these vectors contain genes
for the sclection of cells that stably express the DNA
molecule of -intefést, The sclectable marker in the pCEP4
vector cocodes an cnzyme that confers resistance to
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hygromycin, a metabolic inhibitor that is added (o the
culture to kill the nontransfected. cells.

Cells that have stably incorporated the transfected DNA
may be identified by 1heir resistance to selection media, as
described above, aad clanal cell lines will be praduced by
expansion of resistant colonics. The cxpression of a
6b-modificd VEGF protein by these cell lings may be
assessed by methods known in the art, for sxample, by
RNAse protection assay, Northern blol, or Western blot
amalysis,

Pharmaceutical Compositions and Therapeutic Uses

One object of this inveation is to provide VEGF-A, g,
VEGF-A, ¢, VEGF-A 4., or other 6b-modified VEGF pro-
icin in a pharmaceutical composition suitable for therapeutic
usc. Thus, in onc aspeet 1he invention provides a method for
stimulating vascular cell proliferation in a patient by admin-
istering a therapeutically effective amount of pharmaceutical
composition comprising VEGF-A,,,, VEGF-A, ¢, VEGE-
Ayga. or other 6b-modificd VEGF protein,

By “therapeutically effcctive amount” is meant an amount
of a compound that produces the desired therapeutic cffect
in a patient. For example, in reference to a disease or
disorder, it is the amount which reduces (o some cxtent onc
or mate symploms of the discase or disorder, and returps o
normal, either partially ar campletely, physiological or bio-
chemical parameters associated or causative of the disease
or disordzr. When used (o therapeutically treat a patient it is
an amount expected to be between 0.1 me/kg of protein to
100 mg/kg, preferably less than 50 mg/kg, more preferably
less than 10 mg/kg, more prefecably less than 1 mg/kg. The
amount of compound depeads on the age, size, and discase
associated with the patient and can he determined by slaa-
dard procedure. Thus, for gene therapy, a therapeutically
cffective amount would be an amount sufficient to divect the
expression and seceetion of such an amount of protein in a
paticat.

The oplimal formulation and mode of administration of
campotnds of the present application to a patient depend on
factors koown in the art such as the particular disease or
disocder, the desired offect, and the type of paticnt, While the
compounds will typically be used 1o treat human paticnts,
they may also be used 1o treat similar or identical discases
in other mammals such as other primates, farm animals such

as swine, cattle and pouliry, and sports animals and pets such

as horses, dogs and cats.

Preferably, the therapeutically cffcctive amount is pro-
vided as a pharmaceutical composition. A pharmacological
agent or composition refers to an agent or composition in a
form suitable for administration into a multiccllular organ-
ism such as 2 humao. Suitable forms, in part, depend upoa
the use or the route of entry, for example oral, transdermal,
or by inje¢tion, Such forms should allow the agent or
composition to rcach a target cell whether the target cell is
present in 2 multicellular host or in culture. For example,
pharmacological agenls or compositions injected into the
blood stream should be soluble. Other factors are knowa in
the art, and include considerations such as toxicity and forms
which prevent the agent or composition from exerting its
effect.

The claimed compositions can also be formulated as
pbarmaceutically acceptable salts {c.g., acid addition salts)
and/or complexes thercof. Pharmaceutically acceptable salts
are non-toxic sal(s at the concentration al which they arc
adminisicred. The preparation of such salis can facilitate the
pharmacological use by altering the physical-chemical char-
acteristics of the composition without preventing the com-
position from cxerting its physiological cficct, Examples of
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useful alterations in physical properties include lowering the
melting point to facilitate transmucosal administratioa aad
increasing the solubility 1o facilitate the administration of
higher cancentrations of the drug.

Pharmaceutically acceptable salts include acid addition
salts such as those coutaining sweifate, hydrochloride,
phosphate, sulfonate, sulfamate, sullate, acctate, citrate,
lactate, tartrate, methanesulfonate, ethanesulfonate,
benzenesulfonate, p-toluenesulfonate, cyclohexylsulfonate,
cyclohexylsulfamate and quinate. Pharmaccutically accept-
able salts can be obfained from acids such as hydrochloric
acid, sulfuric acid, phosphoric acid, sulfonic acid, sulfamic
acid, acetic acid, citric acid, lactic acid, tartaric acid, malonic
acid, methancsulfonic acid, ethanesulfonic acid, benzeoe-
sulfonic acid, p-toluencsulfonic acid, cycleohexylsulfonic
acid, cyctohexylsulfamic acid, and quinic acid. Such salts
may be prepared by, for example, reacting the frec acid or
basc forms of the product with onc or more equivalents of
the appropriate base or acid in a solvent or medivm in which
the salt is insoluble, or in a salvent Such as water which is
then removed in vacuo or by freeze-drying or by exchanging
the ions of an existing salt for another ion on a suitable jon
exchaage resin.

Carriers or excipicnts can also be used 1o facilitate admin-
istration of the compound. Examples of camricrs and excipi-
cnts include calcium cacbonate, calcivm phosphate, various
sugars such as Jactose, plucose, or sucrose, or types of
stacch, ccllulose derivatives, gelatin, vegetable oils, poly-
ethyienc glycols and physiologically compatible solvents.
The compositions or pharmaceutical composition can be
administered by different routes includiag intravenously,
intraperitoneal, subcutancous, and intramuscular, orally,
topically, or transmucosally.

The desired isotonicity may be accomplished using
sodium chloride or other pharmaceutically acceptable agents
such as dextrose, boric acid, sodium tartrate, propylene

- glycol, polyols (such as mannitol and sorbiol), or the
*inorganic or organic solutes. Sodium chloride is preferred

parlicularly for buffers containing sodium ions.

The compounds of the invention can be formulated for a
varicty of modes of administration, including systemic and
topical or localized administration. Techniques and formu-
lations gencrally may be found in Remingron’s Pharmaceu-
tical Sciences, 18th Edition, Mack Publishing Co., Easton,
Pa., 1990. Sec, also, Wang, Y. J. and Hanson, M. A.
“Parenteral Formulations of Peoleins and Peptides: Stability
and Stabilizess », Journal of Parenteral Science and
Technology, Technical Report No, 10, Supp. 42:25 (1 988).
A suitable administration {ormat may best be determined by
a medical practitioner {or cach patient individually.

For systemic administration, injection is prefemed, e.g.,
intraperitbneal, subcutancous, imirathceal, or istracerc.
broventricular. For injection, the compounds of the inven.
tion are formulated in liquid solutions, preferably in physi-
ologically compatible buffers such as Hank’s solution or
Ringer's solution. Alterpatively, the compounds of the
invention arc formulated in one or more cxcipicnts (e.g.,
propylene glycol) that are generally accepted as safe as
defined by USP standards. They can, for ¢xample, be sus.
pended ia an inmert oil, suitably a vegetable oil such as
scsame, peanut, olive oil, or other acceptable carricr.
Preferably, they are suspended in an aqueous carrier, for
example, in an isotonic buffer solution av a pH of about 5.6
1o 7.4. These compositions may be sterilized by conven-
tional sterilization lechniques, or may be sterile filtered. The
composifions may contain pharmaceutically aceeptable aux-
iliary substances as required to approximate physiolagical
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conditions, such as pH buffering agents. Useful buffers
include for example, Goodman acciate/acetic acid buffers. A

. form of repository or “depol” slow release preparation may

be used so that therapeutically effective amounts of the
preparation are delivered into the bloodstream over many
hours or days following transdermal injection or delivery. In
addition, the compounds may be formulated in solid form
and redissolved or suspended immediately prior to use,
Lyophilized [orms are also included. An inflatable balloon
catheter with VEGE-A, s protein coating the balloon may
also be cmployed to deliver the substance to a targeted
artery.

Aliemalively, the compounds may be alministered orally.
For aral admingistration, the compounds are formulated into
coaventional oral dosage forms such as capsules, tablets and
tonics.

Systemic administration can also be by transmucosal or
transdermal means, or the molecules can be administercd
orally. For transmucosal or transdermal administration, pen-
etranis appropriate to the'barrier to be permeated are used jn

""ithe formulation. Such penctrants are generally known jn the
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art, and include, for cxample, for transmucosal
administration, bilc salis and fusidic acid derivatives. In
addition, detergents may be used to facilitate permeation.
Transmucosal administration may be, far cxample, through
nasal sprays or using suppositories. For oral administration,
the molecules are formulated into conventional oral admin-
istcation dosage forms such as capsulcs, tablets, and liquid
preparations.

For topical administration, the compounds of the inven-
tion are formulated into cintments, salves, gcls, or creams,
as is geoerally known in the art.

If desired, solutions of the above compositions may be
thickened with a thickening agent such as methyl cellulosc,
They may be prepared in emulsificd form, either water in ojl
or ol in water. Any of a wide varicty of pharmaceutically
acceptable cmulsifying ageats may be cmployed including,
for example, acacia powder, a non-ionic surfactant (such as
a Tween), or an ionic surfactant (such as alkali polyettier
alcahol sulfates or sulfonates, e.g., a Triton),

Compositions useful in the invention are prepared by
mixing the ingredicnts following generally accepled proce-
dures. For example, the selecied camponents may be simply
mixed in a blender or other standaed device to prodace a
concentrated mixture which may then be adjusted to the final
concentration and viscosity by the addition of watee or
thickening agent and possibly a buffer to control pH or an
additional solute to coalrol fonicity.

The amounts of various compouncds of this favention 1o be
administered cau be determined by slandard procedures.

For usc by the physician, the compositions will be pro-
vided in dosage unit form containing an amount of VEGE-
Ajsp. VEGE-A,,, VEGF-A, g, or other 6b-modificd VEGF
protein.

Gene Therapy

Nuclcic acids coding for VEGF-A,,, VEGF-A,,,,
VEGF-A, ., or ather 6b-modificd VEGF proteins will also
be uscful in gene therapy (ceviewed in Miller, Narure
357:455-460 (1992)). Miller states thal advasces bave
resulted in practical approaches (o buman gene (herapy thal
bave demonstrated positive initial results. The basic science
of gene therapy is described in Maulligan, Science
260:926~931 (1993). One example of gene therapy is pre-
sented in Example IV, which describes the use of
adcnovirus-mediated gene (herapy.

As another cxample, an expression vector containing the
VEGF-A, 35, VEGF-A (s, VEGF-A 4., or other Gb-modified

v,
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VEGEF protcin codiag sequenice may be inscried into cells,
the cells are grown in vilro and then infused in large numbers
into patients. In another example, a DNA segment conlain-
ing a promoler of choice (for example a stroug promoter) is
transferced into cells containing an codogenous VEGF-A, 4,
VEGF-A ¢, VEGF-A g, or other 6b-modified VEGF
protein, should such endogenous forms exist, in such a
manner that the promoter segment cnbances expression of
the endogenous VEGF gene (for example, the promoter
segment is transferred to the cell such that it becomes
dircctly linked to the endogenous VEGF gene.

‘The gene therapy may iovolve the use of an adenovirus or
other vector including a nucleotide sequence coding for
VEGF-A, 44, VEGF-A, 4o, VEGF-A, 5., or other 6b-modified
VEGF protein, or a naked nucleic acid molecule cading for
these proteins. Altcraatively, engineered cells containing a
nucleic acid molecule: coding for these modified proteins
may be injected. Example IV illustrates the method of gene
therapy using an adenovirus veclor to provide angiogenesis
therapy. )

Expression vectors derived from viruses such as
retroviruscs, vacciaia virus, adenovirus, adeno-associated
virus, herpes viruses, scveral RNA viruses, or bovine pap-
illoma virus, may be uscd for delivery of nucleotide
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sequences (¢.g., cDNA) encoding recombinant VEGF-A, 44, 25

VEGF-A, 3, VEGF-A,g,, or other 6b-modificd VEGF pro-
tcin into the targeted cell population. Methods which are
well knowa to those skilled in the arl can be used to
construct recombinant viral vectors containing coding
sequences. See, for example, Nabel, E. G., Circulation, 91,
541-548 (1995), the techniques described in Maniatis et al.,
Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory, N.Y, (1989), and in Ausubel et al,
Current Protocols in Molecular Biology, Greene Publishing
Associates and Wiley Inmterscience, N.Y. (1989).
Altematively, recombinant nucleic acid molecules encoding
protein sequences can be used as naked DNA or in recon-
stituted system c.g., liposomes or other lipid systems for
dolivery 1o target cells (Sce e.g., Felgner ot al, Nature
337:397-8, 1989). Sevcral other methods for the direct
transfer of plasmid DNA into cells exist for use in human
geac therapy and involve targeting the DNA (o recepors on
cclls by complexing the plasmid DNA to proteins. Scc,
Miller, Nature 357:455-60, 1992.

In its simplest form, gene teansfer can be performed by
simply injecling minute amounts of DNA into the nucleus of
a cell, through a process of microinjection. Capecehi, M. R.,
Cell 22:479--88 (1980). Onee recombinant genes are intro-
duced into a ccll, they can be recognized by the cells® normal
mechanisms for transcription and translation, and a gene
product will be cxpressed. Other methods have also been
attempted for introducing DNA into larger. aumbers of cells.
These methods include: teansfection, wherein DNA is pre-
cipitated with CaPO, and taken into cclls by pinocytosis
(Chen, C. and Okayama, H., Mol, Cell Biol. 7:2745~52
(1987)); clectroporation, wherein cells are exposed to large
voltage pulses to introduce holes into the membranc (Chu,
G. ot al., Nucleic Acids Res., 15:1311-26 (1987));
lipofection/liposome fusion, wherein DNA is packaged inlo
lipophilic vesicles which fuse with a farget celt (Felgaer, P.
L., et al, Proc. Natl. Acad. Sci. USA. 84:7413-7 (1987));
and particle bombardment using DNA bound (o small pro-
jectiles (Yang, N. §., et al., Proc. Nail. Acid Sci.. 87:9568-72
(1990)). Another method for intcoducing DNA into cells is
to couple the DNA to chemically modified proteins.

It has also been shown that adcmovirus proteins are
capable of deslabilizing endosomes and enbancing the
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uptake of DNA into cells. The admixturc of adenovirus to
solutions containing DNA complexes, or the binding of
DNA to polylysine covalenlly attached to adenovirus using
protein crosslinking agents subsiantizlly improves the
uplake and cxpression of the recombinant gene. Curiel, D,
T, ct al., Am. J. Respir. Cell. Mol. Biol. 6:247-52 (1992).

A balloon catheter, such as thosc used in angioplasty may
be employed wherein the balloon is coated with VEGF-
Agzgs VEGF-A (., VEGF-A,,., or other 6b-modified
protein, DNA coding for such protein, ar vectors as
deseribed in Riessen, R., Hionan Gene Therapy, 4, 749-758
(1993) incorporated herein by reference.

As used herein “gene transfer means the process of
introducing a foreign nucleic acid molecule into a cell. Gene
transler is commonly performed to cnable the expression of
a particular product encoded by the gene. The product may
include a protein, polypeptide, antisense DNA or RNA, or
enzymatically active RNA. Gene transler can be performed
in cultured cclls or by direct administration into animals.
Generally gene transfer involves the process of nucleic acid
molecule contact with a target cell by non-specific or recep-
tor mediated interactions, uptake of nucleic acid molecule
into the cell through the membranc or by endocytosis, and
rélease of nucleic acid molecule into the cytoplasm from the
plasma membrane or endosome. Expression may require, in
addition, movement of the aucleic acid molecule into the
nucleus of the cell and binding (o appropriate nuclear factors
for wranseription.

As used herein “gene therapy” is a form of gene Iransfer
and is included withia the definition of gene transfer as uscd
herein aad specifically refers to gene transfer to EXpress a
therapeutic product from a cell ia vive or in vitro. Gene
transfer can be performed ex vivo on cells which are then
Iransplanted into a patient, or can be performed by direct
administration of the nucleic acid molecule or nucleic acid-
protcin complex into the paticat.

In anather preferred ¢mbodiment, a vector having nucleic
acid molecule sequences encoding VEGF-A,,5, VEGF-
Ajgay VEGF-A,q,, or other 6b-modified VEGF protein is
provided in which the nuclcic acid molecule sequence is
expressed only in a specific tissue, Methods of achieving
tissue-specific gene expression as set forth in Intcrmational
Publication No. WO 93/09236, filed Nov. 3, 1992 and
published May 13, 1993.

In all of the preceding vectors sct forth above, a further
aspect of the invention is that the nucleic acid sequence
contained in the vector may include additions, deletions or
madifications {6 some or all of the scquence of (he nucleic
acid, as defined above.

In another preferred embodiment=a=rmettnrt—of “gene
replacement is sct forth. “Gene replacement™ as used bercin
means supplying a nucleic acid molecule sequence which is
capable of being cxpressed in vivo in an animal and thereby
providing or augmenting the function of an endogenous
gene which is missing or defective in the animal.

Vectors for Gene Delivery In Vivo

In gencral, the gene of interest is transferred to the target
ocgan, preferably the heart, including cardiac myocytes, or
skeletal muscle, including skeletal myocytes in vivo and
directs production of the encoded protein, Such production
may be relatively constitutive. A variety of different gene
trausfer veetors, including viral as well as non-viral systems,
can be employed to deliver transgenes for use in the present
invention,

Preferred vectors far use in the present invention juclude
viral vectors, lipid-based vectors and otber vectors that are
capable of delivering DNA to non-dividiag cells in vivo,
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Presently preferred ate viral vectors, particularly replication-
defective viral veetors (including, for example ceplication-
defective adenovirus vectors and adeno-associated virus
{AAV) vectors. For ease of production and use in the present
invention, replication-defective adenovirus veclors are pres-
catly mosi preferred.

References describing a varicty of other gene delivery
veclors are knowa in the art, some of which are cited hercin,
Such other vectors include, for example, other viral vectors
(such as adeno-associated viruses (AAV), liposomes and
other lipid-containing complexes, and other macromolccular
complexes capable of mediating delivery of a polynucle-
otide 10 a host cell. As described above and in the cited
references, vectars can also comprise other components or
functionalitics .that further modulaie gene delivery and/or
gene expression, or that otherwise provide beneficial prop-
erties lo the targeted cells. Such other components includs,
for example, components that influence binding or targeting
to cells (including components that mediate cell-type or
tissue-specific binding); components that influcnce uptake
of the veetor nucleic acid by the cell; componeats that
influence localization of the polynucleotide within the cell
aftec uptake (such as agents mediating nuclear localization);
and components that influcace expression of the polynucle-
otide. Such components also might include markers, such as
detectable andfor selectable markers that can be used (o
detect or select for colls that have taken up and are express-
ing the nucleic acid delivered by the vector. Such compo-
nents can be provided as a natural feature of the vector (such

-as the use of certain viral vectors which have components or

functionalitics mediating binding and uptake), or vectors can

- be modificd 1o provide such functionalitics. Sclectable

[

markers can be posilive, negative or hifunctional, Posilive
selectable markers allow selection for cells carrying (ke
marker, whereas ncgalive sclectable markers allow cells

-carrying the marker to be sclectively climinated, A varicty of

such marker genes have been described, including bifunc-
tional (i.¢. posilive/negative) markers (see, ¢.g., Lupton, S.,
WO 92/08796, published May 29, 1992; and Luptan, S.,
WQ 94/28143, published Dec. 8, 1994). Such marker genes
can provide an added measure of control that can be advan-
tageous in gene therapy contexts. A lurge variety of such
veelors are known in the art and are penerally available (see,

~e.g., (he various references cited above).

Additional references deseribing adenovirus vectors and
olher viral vectors whick could be used in the methods of the
present inveation include the following: Horwitz, M. S.,
Adecnoviridac and Their Replication, ia Ficlds, B., <t al..
(eds.) Virology, Vol. 2, Raven Press New York, pp.
1679-1721, 1990); Graham, F., ¢t al,, pp. 109128 in Mcth-
ods in Molecular Biology, Vol. 7: Gene Transfer and Expres-
sion Protocols, Murray, E. (ed.}, Humana Press, Clifton, N.J.
(1991); Miller, N., ct ak., FASEB Joumal 9: 190199, 1995;
Schreier, H, Pharmaccutica Acta Helvetize 68 145-159,
1994; Schocider and French, Circulation 88:1937-1942,
1993; Curicl D. T., ct al., Humaa Gene Therapy 3: 147154,
1992; Graham, F. L., et al., WO 95/00655 (Jan. 5, 1995);
Falck-Pedersen, E. S., WO 95/16772 (Jun. 22, 1995);
Dencfle, P, et al., WO 95/23867 (Sep. 8, 1995); Haddada, H.
et al., WO 94/26914 (Nov. 24, 1994); Perricaudet, M. et al.,
WO 95/02697 (Jan. 26, 1995); Zhaog, W., ¢t al., WO
9525071 (Oct. 12, 1995), A varicty of adenovirus plasmids
are also avaifable from commercial sources, including, c.g.,
Microbix Biosysicms of Totonto, Ontario (see, ¢.g., Micto-
bix Product Information Shect: Plasmids for Adeaovirus
Vecior Construction, 1996).

Additional references describing AAV vectors which
could be used in (he methods of the present invention
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iaclude the following: Carter, B., Handbook of
Parvaviruses, vol. 1, pp. 169-228, 1990; Bermns, Virology,
pp. 1743-1764 (Raven Press 1990); Carter, B., Curr. Opin,
Biotechinol., 3: 533-539, 1992; Muzyczka, N., Current Top-
jcs in Microbiology and Immunology, 158: 92-129, 1992;
Flolte, T. R., et al., Am. J. Respir. Cell Mol, Bioi, 7:349-356,
1992; Chatterjee et al., Ann. NY Acad. Sei., 770: 79-90,
1995; Flatte, T. R., 1 al., WO 95/13365 (May 18, 1995);
Trempe, J. B, et al,, WO 95/13392 (May 18, 1995); Kotin,
R., Human Gene Therapy, 5: 793-801, 1994; Flotte, T, R.,
¢t al., Gene Therapy 2:357-362, 1995; Allen, J. M., WO
96/17947 (Jun. 13, 1996); and Du ct al., Gene Therapy 3:
254261, 1996.

Additional references describing non-viral vectors which
could be used fn the methods of the present invention
include the following: Ledley, F D, Human Gene Therapy 6:
11 29-1144, 1995; Miller, N., et al., FASEB Journal 9:
190-199, 1995; Chonn, A, et al., Curr. Opin. in Biotech. 6:
698-708, 1995; Schoficld, J P, et al., British Med. Bull. 51;
5671, ~1995; Brigham, K. L., et al,, ]. Liposome Res. 3: 31
49, 1993; Brigham, K. L., WO 91/06309 (May 16, 1991);
Felgner, P. L., et al., WO 91/17424 (Nov. 14, 1991); Solodin
et al., Biochemistry 34: 1353713544, 1995; WO 93/19768
{Oct. 14, 1993); Debs ct al., WO 93125673; Felgner, P. L.,
et al, U.S. Pat. No. 5,264,618 (Nov. 23, 1993); Epand, R.
M, et al., U.S. Pat. Na. 5,283,185 (Fcb. 1, 1994); Gebeyehu
etal,, US. Pal. No. 5,334,761 (Aug. 2, 1994); Felgner, P. L.,
et al,, US, Pat. No. 5,459,127 (Qct. 17, 1995); Overell, R,
W, ot al, WO 95/28494 (Oct. 26, 1995); Jessece, WO
95/02698 (Jan. 26, 1995); Haces and Ciccarone, WO
95/17373 (Jun. 29, 1995); Lin ct al,, WO 96/01840 (Jza. 25,
1996).

Helper Independent Replication Deficient Human Adenovi-
s 5 System

In general, the gene of interest is transferred to the beart
(or skeletal muscle), including cardiac myocytes (and skel-
etal myocyics), in vivo and directs constitutive production of
the encoded pratein. Several differemt gene transfer
approaches are feasible. Preferred is the helper-independent
replication deficient human adenovirus 5 system. Using this
system, Giordago and Hammond bave demonstrated trans-
fection of greater than 60% of myocardial cells in vivo by a
single intracoronary injection (Giordano and Hammond,
Clin. Res., 42:123A, 1994). Non-replicative recombinant
adenoviral vectors are pardicularly useful in transfecting
coconary endothelium and cacdiac myocytes resulling in
highly efficicnt transfection afler intracoronary isjection.
‘The same will be true for transfecting desired cells of the
peripheral vascular system.

The helper-independeat ceplication-defective human
adenovirus S system can be used effectively to transfect a
large percentage of myocardial cells in vivo by a single
intracaronary injection. Hammond, ¢t al, bave also shown
that such a delivery technique can be used to effectively
target vectors to the myocardium of a large mammal heart.
Additional mcans of targeling vectors to particular cells or
lissue types arc described below and in the art.

In various illustrations described below, recombinant
adenovirus vectors are based on the human adenovirus § (as
described by McGrory W J, et al,, Viralogy 163:614-617,
1988) which are missing essential carly genes from the
adcnovirus genome (usually EIA/E1B), aud are therefore
unable to replicate unless grown in permissive cell lines that
provide the missing gene products in trans. ln place of the
missing adenovirus genomic sequences, a transgene of jntec-
est can be cloned and expressed in tissue/cells infected with
the replication-defective adenovirus. Although adenovirus-
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based genc transfer does not generally result in stable
integralion of the transgene into the host genome (less than
0.1% adenovirus-mediated transfections result in transgene
incorporation inmo host DNA), adenovirus vectors can be
propagated in high titcr and transfect non-replicating cells;
and, although the transgenc is not passed to daughicr cells,
this is suitable for gene transfer 1o adult cardiac myocyies,
which do not actively divide. Retrovirus vectors provide
stable gene lransfer, and high titers are now obtainable via
retrovirus pseudotyping (Burns, et al., Proc Nat'] Acad Sci
(USA) 90: 80338037, 1993), but current retrovirus vectors
arc gencrally unable to efficicntly transduce nonreplicating
cells,

" An advantage associaled with noodividing cells such as
myocyles is (hat the viral vector is not readily “dilutcd our”
by host cell division. To further enhance the duration of
transgene expression in the heart, however, it is also possible
to employ vatious second generation adenovirus vectors thal
have bolh E1 and E4 dcletions, which can be used in
conjunclion with cyclophosphamide administration- (Sce

’

e.g., Dai et al,, Proc, Nat*l Acad Sci. (USA) 92: 14011405,

1995). To further increase the extent of initial gene transfer,
multiple infusions, or infusion in an isolated coronary circuit
can also be cmployed.

Human 293 cclls, which arc human embryonic kidney
cells transformed with adenovirus EIA/ELB genes, typify
useful permissive cell lines for the production of such
replication-defective veclors, However, other celi lines
which allow replication-defective adcnovirus vectars to
propagate therein can also be used, such as Hela cells.

The recombinaat adenoviral vectors based on the human
adenovitus 5 (Virology, 163:614-617, 1988) are missing
essential early genes from the adenoviral genome (usually
E1A/EIB), and arc thercfore unable to replicate unless
grown in permissive cell lines that provide the missing gene
products in trans. In place of the missing adenoviral genomic
scquences, a transgence of interest can be cloacd and
expressed in Gissue/cells infected with the replication defi-
cient adenovirus. Although adenovirus-based pene transfer
docs not result in intepration of the transgene into the host
genome (less than 0.1% adenovirus.mediated transfections
tesult in teansgene incorporation inio host DNA), and there-
fore is not stable, adenoviral vectors can be propagated in
high titer and transfect non-replicating cells. Although the
transgene is not passéd to daughter cells, this is acceptable
for genc teansfer to adult skeletal muscle and cardiac

- myocyles, which do not divide. Retroviral vectors provide
stable pene transfer, and high titers are now obtainable via
retrovirus pscudotyping (Burns, et al., Proc. Natl. Acad. Sci.
(USA), 90:8033-8037, 1993), but cucrent retroviral vectors
are unable to transduce nonreplicating cells (adult skeletal
muscle 2nd cardiac myocytes) efficiently. In addition, the
potential hazards of transgene incorporation into host DNA
are nol wammanted if short-term geoe transfer is sufficient.
Indeed, Hammond, et al. have discovered that a limited
duration expression of an angiogenic protein is sulicient for
substantial angiogencsis, and transient gene transfer for
cardiovascular diseasc and peripheral discase processes is
therapentically adequate,

Human 293 cells, which are human embryonic kidney
cells transformed with adenovirus ELA/E1B genes, typify
useful permissive cell fines. However, other cell lines which
allow replication-deficient adenoviral vectors to propagate
therein can be used.

Construction of Recombinant Adenaviral Vectors

Al adenoviral vectors used in the present invention can

be constructed by the rescuc recombinalion technique

28 __ .
described in Graham, Virology, 163:614-617, 1988, Bricfly,
the transgene of interest is cloned into a shuitle vector that
contaias a promoter, polylinker and partial flanking aden-
oviral sequences from which E1IA/E1B genes have been
delcted. As the shutlle vector, plasmid pAC1 (Virology,
163:614-617, 1988) (or an analog) which encodes portions
of 1he lefi end of the human adenovirus 5 genome (Virology,
163:614~617, 1988) minus the carly protein encoding E1A
and E1B sequences that are essential for viral eeplication,

10 and plasmid ACCMVPLPA (J. Biol. Chem.,

267:25129-25134, 1992) which contains polylinker, the
CMY promater and SV40 polyadeaylation signal flanked by
parlial adenoviral sequences from which the E1IA/E1B genes
have been deleted can be exemplified. The usc of plasmid

15 pACI or ACCMVPLA facilitates the cloning process. The

shuttle vector is then co-transfected with a plasmid which
contains the entire human adenoviral 5 genome with a length
(oo large to be eacapsidated, into 293 cells. Co-transfection
can be conducted by calcium phosphate proecipitation or

20 lipofection (Biotechnignes, 15:868-872, 1993). Plasmid
“o-IM17 encodes the entire human adenovinus 5 genome plus

portions of the vector pBR322 including the gene for
ampictllin resistance (4.3 kb). Although JM 17 encodes all of
the adenoviral proteins nccessary (o make mature viral

25 particles, it is 100 Jarge to be cncapsidated (40 kb versus 36

kb for wild type), In a small subset of co-transfected cclis,
rescue recombination between the transgene containing the
shutdle vector such as plasmid pAC1 and the plasmid having
the catire adenoviral $ genome such as plasmid pIM17

30 provides a recombipamt genome that is deficient in (he

ELA/EIB sequences, and that contains the trausgenc of
interest hut secondarily loses the additional sequence such as
the pBR322 sequences during recombination, thereby being
smail enough 1o be encapsidated. With respect 10 the above

35 method, successful results have been reported (Giordano, el

al,, Circulation, 88:1-139, 1993, and Giordano and
Hammond, Clin. Res., 42:123A, 1994). The CMV driven
f-galactosidase encoding adenovirus HCMVSP11acZ {Clin.
Res., 42:123A, 1994) can be used 10 evaluate efficicacy of

40 gene transfor using X-pgal treatment.

The initial made of gere transfer uses adenoviral veclors
as delincated above, The advantages of these vectors include
the ability to efleet high efliciency gene transfer (morc than
60% of largel organ cells transfected in vivo), the case of

45 abiaining high titer viral stocks and the ability of these

veetors to effect gene transfer into cells such as cardiac
myocyles which do net divide.
Tissuc-Specific Promoters

The present inveation also contemplates the use of cell

50 targeting not enly by delivery of the transgene info the

coronary artery, or {emoral artery, or other localized site for
example, but also the usc of tissuc-specific promoters. By
fusing, for example, tissue-specific transcriptional control
sequenees of left ventrdcular myosin fight chain-2 (MLC,))

55 or myosin heavy chain (MHC) (o a transgenc such as the

VEGF-A, 34 gene within the adenoviral consinuet, transgene
expression is limited to ventricular cardiae myocytes. The
cfficacy of genc expression and degree of specificity pro-
vided by MDC,, and MHC promoters with lacZ have been

6 determined, using the recombinant adenoviral sysicra of the

present iovention. Cardiac.specific expression has been
reported previously by Lee, et al. (J. Biol. Chem,,
267:15875-15885, 1992). The MLC,, promoter is com-
prised of 250 bp, aad fits casily within the adenoviral-5

¢ packaging conslcaints. The myosin heavy chain promoter,

kaowa 1o be a vigorous promoter of transcription, provides
a reasonable altemative cacdiac-specific promoter and is
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comprised of less than 300 bp. Other promaters, such as the
troponin-C promoter, while highly efficacious and suffi-
ciently small, docs less than lack adequate tissue specificity.

By using the MLC,, or MHC promoters and delivering the
transgene in vivo, it is believed that tho cardiac myoeyte 5
aloae (that is without concomitant expression in cndothelial
cells, smooth muscle cells, and fibroblasts within the heart)
will provide adequate expression of an angiogenic protein
such as VEGF-A,,; lo promote anpiogenesis. Limiting
expression (o he cardiac myocyte also has advantages 10
regarding the utility of gene transfer for the treatment of
CHEF. By limiting cxpression to the heart, one avoids the
potentially barmful effect of angiogeaesis in non-cardiac
tissucs such as the retina, In addition, of the cells in the heart,
the myocyle would likely provide the longest fransgene 15
expression since the cells do not undergo rapid turnover;
expression would nol therefore be decreased by cell division
and deatb as would occur wilhk endothelial cells,
Endothelial-specific promoters are already available for this
purpase (Lec, ct al, J. Biol Chem., 265:10446-10450, 20
19%0),....__.

In the present inveation, with regard la the (reatment of
beart discasc, targeting the heart by intracoronary injection
with 3 high titer of the vecior and transfecting all cell types

. is presently preferred. 5
Propagation and Purification of Adenovirus Vectors

Successful cecombinaat vectors can be plaque purified
according 1o standard methods. The resulting viral vectors
arc propagated on 293 cells which provide E1A and E1B
functions in trans, to titers in the preferred 10'°-10*2 vical 30
particles/ml range. Cells can be infected at 80% confluence
and harvested 48 hours later. After 3 freeze-thaw cycles the
cellular debris is pelleted by centrifugation and (hie virus
purified by CsCi gradieat ultracentrifugation (double CsCl
gradicnt ullracentrifugation is preferred). Prior to in vivo 35
injection, the viral stocks arc desalted by gel fitration.
through Sepharose columns such as G25 Sephadex. The
product is then filtered through 2 0.3 micron filter, thereby
reducing deleterious effccts of intracoronary inmjection of
unfiltered virus (life threatening cardiac arrhythmias) and 40
promoting efficient gene transfer’ The resulting viral stock
has a final viraltiter in the range of 10*°-10'2 viral panticles/
ml, The recombinant adenovirus must be highly purified,
with ao wild-type (potcatially replicative) virus. Impure
constructs can cause an infense immune response in the host 45
animal. From this point of view, propagation and purifica-
tion may be conducied (o exclude contaminants and wild-
type virus by, for example, identifying successful recombi-
nants with PCR using appropriate primers, conducting two
rounds of plaque purification, and double CsCl gradicnt so
ultracentrifugation, The recombinant adenovinus can also be
passed through an appropriately-sized filter prior to intrac-
oronary injection
Delivery of Recombinant Adenovirus Vectors

The viral stock can be in the form of an injectable ss
preparation containing pharmaceutically aceeptable carrier
such as saline, for example, as necessary. The final titer of
the vector in the injectable preparation is preferably in the
range of 107-10"* viral particles which allows for effective
geoe transfer. Other pharmaceutical carviers, formulations 60
and dosages are described below. For delivery to the
myocardium, the adenovirus transgene constructs arc pref-
ccably delivered by dircet intracoronary (or graf vessel)
injection using standard perculaneous catheter based meth-
ods under fluoroscopic guidance, 2t an amount sufficicnt for 65
the iransgene t66C cxpressed to a degree which atlows for
highly effeclive therapy. The injection should be made
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deeply into the lumen (about 1 cm within the arterial lumen)
of the coronary arteries (or geaft vessel), and preferably be
made in both coronary arteries.

By injecting the material direcily into the lamen of the
coronary artery by coronary catheters, it is possible to larget
the gene rather effectively, and to minimize loss of the
recombinant veclors to the proximal aorta during injection.
The vector stock, preferably containing no wild-type virus,
may be injected decply into the lumen of one or both
coronary arleries (or grafts), preferably into both the cight
and left coronary arteries (or prafts), and preferably in an
amount of 10*°-10™ viral particles as detcrmincd by optical
densitometry (more prefecably 10'*~10"* viral particles,
most preferably 10°° viral particles). This type of injection
enables local transfection of a desired number of cells,
especially cardiac myocyles, in the affected myocardium
with angiogenic protein- or peptide-cncoding genes, thereby
maximizing therapeutic efficacy of gene transfer, and mini-
mizing undesirable angiogenesis at extracardiac sites and the
possibility of an inflammatory response [0 viral proteins. A
ventricular myocyte-specific promoter may be used, for
cxample, (o securely enable expression limited to the cardiae
myocyles 50 a5 lo avoid the potentially harmful effects of
aagiogenesis in non-cardiac tissues such as the retina. Thus
delivery of the transgencs in this matter may result in
targeted gene expression in, for example, the cells of the left
ventricle.

It has been found that gene expression when delivered fn
this maoner does mot occur in hepatocytes and viral RNA
cannot be found ia the urine at any time after intracoronary
injection. Any variety of coronary catbeter, or a Stack
perfusion catheter, for example, can be used in the present
invention, In addition, other techniques known to those
having ordinary skilt in the art can be used for transfer of
geaes to the arterial wall.

Clinical Applications .
Stimulating angiogenesis in mammals by transfecting the

* cells with a polynucleotide coding for VEGF-A 35, VEGE-

Ayg2 VEGF-A, s, or other 6b-modificd VEGF protein may
cmploy the procedure described by Giordano et al. in
“Intracoronary Gene Transfer of Fibroblast Growth Factar-5
Increases Blood Flow and Contraciile Function in an
Ischemic Region of the Heart”, Nature Medicine, Vol. 2 No.~=
5, pp- 534-539, May 1996 which is incorporated hecein by
reference. VEGF'AHH, VEGF’A’G'_\_, VEGF"AJQ:t or otber
6b-modifiecd VEGF protein should be released from cclls
infected by adenovirus vectors dirccling expression of
VEGF-A, 5, VEGF-A ¢, VEGF-A, 4., or other 6b-modified
VEGF protein in cells of the heart. This releasability is also
found in VEGF-A 4, and VEGF-A, <5 but aot in VEGF-A, 5,
or VEGF-A 5. However, VEGF-A, 59, VEGF-A, (., VEGF-
Ayg, Or other 6b-modified VEGF protein io contrast 1o
VEGF-A,,,, or VEGF-A, 4, may be partially retaincd by
ECM molecules as it diffuscs towards target endothelial
cells in adjacent blood vesscls, The bound VEGF-A,,,,
VEGF-A; 4., VEGF-A, g, or other 6b-modified VEGF pro-
tein may beslowly released later thus prolonging the angio-
genic cffect as compared to VEGF-A,,, or VEGF-A,g,.
Furthermore, the ECM bouad VEGF-A,,;, VEGF-A, 4.,
VEGF-A,g,, or other 6b-modified VEGF protein will be
active, and will support the newly synthesized blood vessels
during the crilical period of blood vessel maturation, until
the existence of blood-vessels is no longer dependent upon
the presence of angiogenic growth factors, Thus, VEGF-
Ajsg VEGF-Ay 4, VEGE-A g, or other 6b-modificd VEGE
protein will be more cffective than some other VEGE forms -
as a therapeutic agent to be used for induction of collateral
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bload vesscls. These advantages may be critical when usage
of adenovirus based cxpression vectors for gene therapy
delivery of angiogenic agents is considered. An advantage of
using adenovirus based vectors is that they are generaily
safe. Because the VEGF-A,,5, VEGF-A, ., VEGF-A, g, of
olher 6b-modificd VEGF proicin may have binding charac-
tecistics that allow it to clear a1 a slower ratc compared to
some other secreted VEGF forms, they may be morc cffec-
tive therapeutic agents compared to the other VEGF forms.

Balloon angioplasty is a major treatment of ischemic heart
disease which involves the inflation of a balloon in a clogged
blood.vessel in order to open the blocked blood vessel.
Uaforiunately, this method of treatment frequently results in
injury to the endothelial cells lining the inner walls of blood
vessels. Smooth muscle cells often infilirate into the opened
blood vesscls causing a secondary abstruction in a process
called rostenosis. VEGF-Ayyg, VEGF-A, s, VEGF-A,q., 0f
other 6b-modified VEGF protein may be employed to
induce proliferation of the endothelial cells located at the
periphery of the balloon induced damaged area in order to
cover the luminal surface of the vessel with a new mono-
layer of endothelial cells, hoping to restore the original
structure of the blood vessel. Adenovirus mediated gene
therapy may also be applicable fn this case as a method
aimed at the delivery of inducers of endothelial cell prolit-
cralion to the lesion created by the balloon angioplasly
procedure. The ability 10 bind (0 the ECM may offer scveral
advantages for this application.

To prevent resicaosis following balloon angiaplasty, two
types of approaches may be considered, It is possible to
deliver a protein, Or deliver an expression vector which will
direct the cxpression of such a protein, 10 the site of
occlusion using the balloon that is used to open the clogged
vessel. Such a protein will also inhibit the prolifcration of
the non-cndothelial cells which invade the reopened blood
vessel until the endothelial cclls on both sides of the
wounded endothelial cells monolayer have a chance 1o
re-grow. This can be combined with the delivery of a protcin
or a veclor such as a vecombinant adenovirus which will
specd the re-growth of the endothelial celi layer. However,
growth factors such as FGF-5, bEGF or HGF are also
mitogenic to smooth muscle cells, and will induce their
proliferation, which is the opposite of the desired cffect.
VEGFs on the other hand are generally specific for cndot-
helial cells. VEGF-A, .4, VEGF-A, ¢, VEGF-A,,, or other
Gb-modified VEGF protein may be especially useful in this
context, because of iis ECM binding propertics. Following
application, for example, by infection of adjaccnt cells with
adenovirus encading the protein, direct transfection with
plasmid DNA eacoding the protein, or the direct delivery of
the protein, VEGF-A, 55, VEGE-A, 4, VEGF-A, 2 Or other
Gb-modified VEGF protein bave the potential 1o stick to the
cxposed extraccliular matrix in the balloon treated vessel,
and thus promote proliferation and re-growth of cadothelial
cells specifically at the site of the lesion. Thus, VEGF-A, 4,
VEGF-A,q,, VEGF-A, ., or other 6b-modified VEGF pro-
tein can localize and concentrate in the very region wherc its
activity is required, making it a particularly attractive can-
didate for the treatment of restenosis.

Coronary angioplasty is frequently accompanied by
deployment of an intravascular stent to help maiatain vessel
function and avoid restenosis. Stents have been coated with
beparin to prevent thrombosis until the new channel formed
by the stent can endothclialize. The 6b-modified VEGF
protein can be applied directly to the stent, or nucleic acjds
encoding the 6b-modificd protcin, such as plasmids, cDNA,
or adenovirus vectors, may be applied to the stent for direct
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transfection of neighboring cells, using methods known to
those of skill in the art. VEGF-A,;,, VEGF-A, 4., VEGF-
Agz Or other 6b-modified VEGF protein that is locally
applicd, or produccd through transfection, will enhance
eadothelialization of the stent and thus reduce thrombosis
and restenosis,

Other applications for use of the growth factor of the

preseat invention are comtemplated. One example is for the '

treaiment of ulcers. An ulcor is in cffect 2 wound residing in
the stomach. It was shown that angiogenic growih faclors
may be effective for the treatment of duodenal uleers, and
that stabilization' of angiogenic growth faclors may be 2
mechanism by which some therapeutic agents such as
sucralfate produce their beneficial effects (Szabo, S., ct. al.
Gastroenterology 106, 1106~1111, 1994). Since VEGF is an
angiogenic growlh factor that is very stable uader acidic
conditions, its cmployment for the tteatment of stomach and
duodenal ulcers is contemplated. The hepacin binding ability
of VEGF-A,;,, VEGF-A 4, VEGF-A,q,, or other
6b-modified VEGF protein which acts 1o preserve it in an
active statc, and its expecied ability to bind to exposed ECM
at the wound site, indicate that VEGF-A,,,, VEGF-A; 4.,
VEGF-Aqg,, or other 6b-modificd VEGF protein may be
more suitable than other VEGF forms for treating stomach
and duodenal ulcers, -

To assist in-understanding the preseal javention, the
following Examples are included that describe the results of
a series of experiments. The experiments wlating to this
inveation should nat, of course, be construed as specifically
limiting the invention and such variations of the invention,
now known or later developed, which would be within (he
purview of onc skilled in the art arc considered to fall within
the scope of the invention as described herein and herein-
after claimed.

EXAMPLE 1
Preparation of a Nucleic Acid Sequence Coding for VEGF-
Agzg
At least 5 differcmially-spliced VEGF-A. isoforms exist.
These include VEGF-A 121, 145, 165, 189 and 206. (See
FIG. 1, and Houck et. al. (1991) Molecular Endocrinology
5(12): 1806-1814 & Poltorack ef. al. (1997) Joumal of
Biological Chemistry 272(11): 7151-7158). Only one¢ of
these, VEGF-A,q (Houck el al. (1991) Molecular Endo-
crinology 5(12): 1806-1814, includes an cxon denoted as
6b. The proposed name, VEGF.A, ,, reflects the composi-
tion of the processed isoform which would be 138 amino
acids in length. Two strategies are employed for the con-
stiuction of VEGF-A,g,. In onc stratcgy, VEGF-A,, is
cloned, and exon GB is gencrated by polymerase chain
reaction (PCR). In a second strategy, the replacement exon
is generated by synthesis of two complementary oligonucle-
otides which arc annealed 10 each other before sub-cloning,.
In both stratepics, Exon 8 is excised in the first step and
cloned back in at the last step. Exon 8 can be generated by
PCR or by synthesis of complementary oligonucleotides.
Synthesis of Exon 8 is described. Those of ordinary skill in
the art will undersiand bow to apply the teachings of the
invention to the comstruction of VEGF-A, 54, VEGF-A,q,,
VEGF-A,g, or other Sb-modified protein, using these or
analogous siralegies,
A. Background Information
1. Sequence of VEGEF-A, 4 (the sequence is shown with

flanking BamHU sites; the insert is cloned into the

lnvilrogen vector, pCRII) {SEQ ID NO.1). Exoa 6a is

shown in bold type. GGATCCGAAACCAT-

GAACTTTCTGCTGTCTTGGGTGCATTG-
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GAGCCTTGCCTTGCTGCTCTACCTCCAC-
CATGCCAAGTGGTCCCAGGCTGCACCCATG
GCAGAAGGAGGAGGGCAGAATCATCAC-
GAAGTGGT
GAAGTTCATGGATGTCTATCAGCGCAGC.
TACTGCCATCCAATCGAGACCCTGGTG-
GACATCTTCCAGGAGTACCCTGAT-
GAGATCGAGTACATCTTCAAGCCATCCTGTG
TGCCCCTGATGCGATGCGGGGGCTGCTG-
CAATGACGAGGGCCTGGAGTGTGTGC-
CCACTGAGGAGTCCAACATCACCATGCA-
GATTATGCGGATCAAACCTCACCAAGGCC
AGCACATAGGAGAGATGAGCTTCCTA-
CAGCACAACAAATGTGAATGCAGAC-
CAAAGAAAGATAGAGCAAGACAA-
GAAAAAAAATCAGTTCGAGGAAAGGGAAAG
GGGCAAAAACGAAAGCGCAAGAAATC-
CCGGTATAAGTCCTGGAGCGTATGTGA-
CAAGCCGAGGCGGTGATGAATGAATGAG-
GATCC

2. Scquence of the Replacement cassette (Exon 6b from
VEGF-A,) [SEQ ID NO.2]. GTACGTTGGTGC-
CCGCTGCTGTCTAATGCCCTGGAGCCTC-
CCTGGCCCCCA

B. Siralegy for Subcloning

VEGF-A, 55 can be gencrated by replacement of the exon,
Ga, of VEGF-A, 5, with an alternative exoun, 6b, which has
been reported only in VEGF-A,gq. The requisite steps are:

1. Generate a site-specific mutation in VEGE-A,,s that
will allow restriction immediatcly S* of Exon 6a (i.c.,
between nucleotides 434 and 435). This mutation will create
Apo I site,

Nucleotides 437 and 438 will be converted, by sile-
directed mutageaesis from Adenines to Thymidine, This will
change the existing sequence from “AAAAAT” o
“AAATTT". (Apo I cleaves the site “Pu\AATTPy"),

2. Excise Exon 6a and Exon 8 by restriction cndonuclease
cleavage of the site-specifically mutated VEGF-A, (5 with
Apo I and EcoRS5. EcoRS5 creales a blunt end in the veclor,
¥ of the VEGF insert.

3. Remove the Apo 15 dverhang by digestion with Mung
Bean nuclease.

4. This will crealc a truncated, lincarized, VEGF-A,
vector. Gel-purify this vector.

5. Geaerate the replacement exon (see “A.2.”, above) by
PCR from VEGF-A,q, or by synthesis of complementary
oligonucleotides.

a. For PCR, the 5' oligo would be;
(0)4tacGTACGTTGGTGCCCGCTGCT [SEQ ID
NO.3]. The 3' oligo would be:

ACCTCGGAGGGACCGGGGGecctatag(n), [SEQ ID
NO 4]

_ Uppercase letiers represent nucleotides which comprise
VEGF-A sequence.

Lowercase letters represent nucleotides added to create
appropriate restriction sites for cloning,

The PCR product will be endonuclease restricted wiih
SnaBl1 (cleaves TAC/GTA) and EcoRS5 (cleaves GAT/AT: C).

Note that the 3' oligo does not inciude the most §
nucleotide from Exon 6b. This nucleotide will be added to
the Exon 8 thereby completing the requisite scquence and
preserving the proper reading frame.

b. IE the replacement exon is directly synthesized, (he

oligos will be:

{0)stacGTACGTTGGTGCCCGCTGCTGTCTAATGC
CCTGGAGCCT CCCTGGCCCCCgggatate(n), [SEQ ID
NO:5] and ils reverse comploment.
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After complementary oligonuclcotides arc annealed, they
will be endonuclease restricted with SnaBl (cleaves TAC/
GTA) and EcoRS5 (cleaves GAT/ATC).

6. After gel purification, ligate the replacement into the
truncated, linearized VEGF-A, 5. The product, pE-1-5/6b,
contains Exans 1-5 and all but the most 3' nucleotide of
Exon 6b. .

7. Screen for proper oriemtation by restriction mapping.

8. Linearize pEl1-5/6b. Endonuclease restriction with
Smal (cleaves at CCC/GGG) and Notl {cleaves at
GC/GGCCGC). Nall will cleave 3' of the VEGF-Ascquence
in the pCRII-vector.

9. Generale Exon 8 by synthesis of the oligonucleoti
de: AATGTGACAAGCCGAGGCGGTGATGAATGAAT
GAGGATGCGGCCGCAAAAGGAA[SEQ ID NO. 6]

and its reverse complement. Those of ordinary skill in the
art will recognize that this exon may also be synthesized
using preferred codons of the cell type in which the trans-
genc will be cxpressed,

10. Aficr annealing, add 5' phosphates with T4 polynucle-
olide kinase,

11. Ligate the synthesized Exon 8 inlo the linearized
vector pl1-5/6b.

12. Screen for proper orientation by restriction mapping
and conlirm insert integrity by sequencing.

EXAMPLE 11
Expression of VEGF-A,4,

This cecombinant VEGF-A, ;4 cDNA is used to construct
fa recombinant baculovirus containing the VEGF-A,,4
cDNA. The virus is used to infect S(9 cclls as described for
VEGF-A, 45 by Cohen, T., ot al. Growth Factors. 7:131-138,
1992, incorporated herein by reference. Most of the VEGE-
Ay produced by the infected SI9 celis should be found in
the conditioned medium. Dithiotreitol may be used 1o dis-
sociate VEGE-A, ,, dimers for purification. VEGE-A, 4, is
partially purified using heparin-sepharose. The protein is
eluted from the column using a stepwisc salt gradicnt. The
recombinant VEGF-A, 4, is biologically active and induces
the proliferation of buman umbilical vein derived endothe-
lial cells (HUVEC cells). Other 6b modified VEGE-A pro-
teins can be cxpressed using analogous methods.

EXAMPLE 11

Prolifcration of Endothelial Cells and Angiogenesis

To confirm that VEGF-A 5, can induce angiogenesis in
vivo, the VEGE-A ;5 DNA is sibcloned into the BamHi site
of the mammalian expression vector MIRB using the tech-
nique described by Macarthur, C. A., et al. Cell Growth
Differ. 6, 817-825, 1995, which is incorporated bercin by
tefercnce. The MIRB/VEGF-A, 4, plasmid is transfecied
into BHK-21 hamster kidoey derived cells (a ocll linc that
does oot produce VEGF-A, ), and stable celt lines produc-
ing VEGF-A, 5, are isolated. The VEGF-A, 4, produced by
the mamemalian cells is biclogically active and is secreted
into the growth medium. The VEGF-A, 4, expressing cells
are cmbedded iv alginate beads, and the beads are implaated
under the skin of Balb/c mice using the method described by
Plunket, M. L., ct. al. Lab, Invest. 62, 510-517, 1990, which
is incorporated herein by reference. Alginate pellets con-
luining the entrapped cells arc removed after four days and
photographed. Clusters of alginate beads conlaining VEGF-
Aj3g expressing cells are dark red with blood, while beads
containing cclis transfected with vector aloae bave a much
lower contenl of blood. When examined under higher
maguification, pellets containing VEGE-A 4, producing
cells appear much more vascularized than pelicts containing
coatral cells. These results are consistent with the expected
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behavior of a vascular cell proliferation or angiogenesis-
promoling factor.

EXAMPLE IV
Gene-Transfer-Mcdiated Angiogenesis Therapy Using
vEGF"A);g

DNA eacoding VEGF-A, 35, VEGF-A o, VEGF-A g, 01
other 6b-modificd VEGF protein is used for gene-transfer-
mediated angiogenesis therapy as described, for example, in
International Patent Application No. PCT/US96/02631, pub-
lished Sep. 6, 1996, as WO 96/26742, hereby incorporated
by, refercuce herein in its entircty.

Adenoviral Constructs

A helper independent replication deficient human aden-
ovirus 5 system may be used for gene-transfer. A nuclejc
acid molccule coding for VEGF-A, 54, VEGF-A 4, VEGF-
Ajga, Or other 6b-modificd VEGF prolcin may be cloned
into the polylinker of plasmid ACCMVPLPA which contains
the CMV promoter and SV40 polyadcnylation signal
flanked by partial adenoviral sequences from which the E1IA
and E1B genes (essential for viral replication) have been
deleted. This plasmid is co-transferced (lipofection) into 293

-cells with plasmid JM17 which contains the entire human
adenoviral 5 genome with an additional 4.3 kb insert making
pIM17 tao large 10 be encapsulated. Homologous rescue
- recombination tesults in adenoviral vectors containing the
fransgene in the absence of ELA/EIB sequences. Although
these recombinants are nonreplicative in mammalian cells,
they can propagale in 293 cells which have been trans-
formed with ELA/E1B and provided these essential gene
products in trans, Transfected cells arc monitored for evi-
dence of cylopathic effeet which usually occurs 10-14 days
afier transfection, To identify successful recombinants, cell
supernatant from plates showing a cylopathic cffeet is
treated with proteinase K (50 .mg/ml with 0.5% sodium
dodecyl sulfate aad 20 mM EDTA) at 56° C. for 60 minutes,

phenol/chloroform extracted and ethanol precipitated. Suc-.

cessful recombinants are then identified with PCR using
primers (Biotechniques, 15:868-72, 1993) complomentary
to the CMV promoter and SV40 polyadenylation sequences
to amplify the VEGF-A,yg, VEGF-A¢., VEGF-A,,., or
othee 6b-modified VEGF protein nueleic acid insert and
primers (Biotechniques, 15:868~72, 1993) desigued to con-
comitantly amplify adcnoviral scquences. Successful
recombinants then are plaque purified twice. Viral stocks are
propagated in 293 cells to titers ranging between 10° and
10" viral panticles, and are purifted by double CsCl gradicnt
centrifugation prior 10 use. The system used to generate
recombinant adenoviruses imposed a packing limit of 5 kb
for transgene inserts, The VEGF-A,,,, VEGF-A, ., VEGP-
Aqgay 01 other 6b-modificd VEGF protein genes, driven by
the CMV promoter and with the SV40 polyadenylation
sequences are well within the packaging constraints,
Recombinant vectors are plaque purified by standard pro-
cedures. The resulting viral vectors are’ propagated on 2903
cells to titers in the 10'°~10" viral particles range. Cells are
infected at 80% conflvence and harvested at 36-48 hours.
After frecze-thaw cycles the cellular debris is pelleted by
standard centrifugation and the virus further purified by
double CsCl gradient ulracentrifugation (discontinuous
1.33/1.45 CsCl gradient: cesium prepared in S mM Tris, 1
mM EDTA (pH 7.8); 90,000xg (2 hr), 105,000xg (18 br)).
Prior to in vivo injection, the viral stocks are desalted by gel
filtration through Sepharose columans such as G25 Secphadex.
The resulting viral stock has a final viral titer approximately
in the 10'°-10"* viral particles range. The adenoviral con-
struct”should” (His Be” Bighly purified, with ao wild-type
{poteatially replicative) virus,
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Paccine Ischemia Model for Angiogenesis

A left thoracotomy is performed on domestic pigs (30-40
kg) under sterile conditions for instrumentation. (Hammong,
ct al., J. Clin Invesr 92:2644-52, and Roth, et al., J. Clin,
Invest. 91:939-49, 1993), Catheters arc placed in the left
atrivm and aorta, providing a means to measure regional
blaod flow, and 10 mouitor pressures. Wires are sulured on
the lefl atrivm to permit ECG recording and atrial pacing.
Finally, an ameroid is placed around the proximal LCx. After
a stable degree of ischemia develops, the treatment group
receives an adenoviral construct that includes a VEGF-A, g,
VEGF-Ay 43 VEGF-A 4., or other 6b-modified VEGF pro-
tein gene driven by a CMV promoter. Conlrol animals
receive gene transfer with an adenoviral construct that
includes a reporter gene, lacZ, driven by a CMV promoter.

Studies arc initiated 35+3 days after ameroid placement,
at a time when collateral vessel development and pacing-
induced dysfunction are stable (Roth, et al., Am. J. Physiol
253: 1-11279-1288, 1987, and Roth, ct al., Circulation
82:1778-89). Conscious animals are suspended in a sling
and pressures from the LV, LA and aora, and clectrocar-
diogram are recorded in digital format an-line (at rest and
during atrial pacing at 200 bpm). Two-dimcnsional and
M-mode images are obtained using a Hewlett Packard
ulirasound jmaging system. Images arc obtained from a right
parastemal approach at the mid-papillary muscle level and
recorded on VHS tape. Images are cecorded with animals in
a basal state and again during right atrial pacing (HR=200
bpm). These studies are performed one day prior to gene
transfer and repeated 141 days later. Rate-pressure prod-
ucts and Joft atrial pressures should be similar in both groups
before and after genc transfer, indicating similar myocacdial
oxygen demands and loading conditions. Echocardiographic
measurements are made using standardized eriteria (Sahn, et
al,, Circulation 58:1072, 1978). End-diastolic wall thickness
(EDWTh) and cnd-systolic wall thickness (ESWTh) are
measured from 5 continuous beats and averaged. Percent

* wall thickening (% WTh) is calculated [(EDWTh-ESWTh)/
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EDWT]x100. Data should be analyzed without kaowledge
of which gene the animals had received. To demanstrate
reproducibility of cchocardiographic measurements, ani-
mals should be imaged on two consecutive days, showing
high correlation (*=0.90; p=0.005).

3523 days after ameroid placement, well after ameroid
closure, but before gene transfer, contrast cchocardiographic
studies are performed using the contrast material (Levovist)
which is injected into the left atrium during atrial pacing
(200 bpm). Studies are repeated 14+1 days alter gene
transfer, Peak contrast intensity is measured from the vidco
images using a computer-based video analysis program
(Color Vue TI, Nava Microsonics, Indianapolis, Ind.), that
provides an objective measure of video intensity. The con-
trast studies are analyzed without knowledge of which gene
the apimals have received.

At completion of the study, animals are anesthetized and
midline thoracotomy performed. The brachycephalic adery
is isnlated,-a canula inscrted, and other great vessels ligated.
The animais receive intravenous heparin (10,000 1U) and
papaverine (60 mg). Potassium chlaride is givea to induce
diastolic cardiac arrest, and the aorta cross-clamped. Saline
is delivered through the brachycephalic artery cannula (120
mm Hg pressure), thereby perfuming the coronary arterics.
Glutaraldehyde solution (6.25%, 0.1 M cacodylate buffer)
was perfused (120 mm Hg pressure) until the heart is well
fixed {10~15 min). The heart is then removed, the beds
identified using color-coded dyes injected anterograde
(brough the left anterior descending (LAD), Iefi circumflex
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(LCx), and right coronary arteries, The ameroid is examined
to confirm closure. Samples takea from the normally per-
fused and ischemic regions are divided into thirds and the
endocardial and epicardial thirds are plaslic-imbedded.
Microscapic analysis to quantitate capillary’ number is con-
ducted as previously described (Mathicu-Costello, ¢t al.,
Am.J. Physiol 359:41204, 1990). Four 1 s thick transverse
scctions are taken from cach subsample {endocardium and
epicardium of each region) and point-counting is used to
determine capillary number per fiber number ratio a¢ 400x
magnification. Twenty to tweaty-five high power ficlds are
counted per subsample. Within each region, capillary num-
ber to fiber number rations should be similar in endocardivm
and cpicardium so the 40-50 field per region shoulkd be
averaged to provide the ransmural eapillary (o fiber number
ratio.

To cstablish that improved tegional function aod blood
fow result from transgenc cxpression, PCR and RT-PCR
may be used o detect transgenic VEGF-A g, VEGF-Ayq,,
VEGF-A,;, or other 6b-modified VEGF protein DNA and
mRNA in myocardium from amimals that have reccived
VEGF,;, VEGF-A,¢., VEGF-A,g.,, or other Gb-modificd
VEGF prolgin gene transfer. Using a sense primer 1o the
CMV promoter [GCAGAGCTCGTTTAGTGAAC) and

antisense [SEQ 1D NO. 7] primier to the intemal VEGE- 25

Ajza, VEGF-A, 42, VEGF-A, ¢, or ather Gb-modificd VEGF
protein gene scquence PCR is used to amplify the cxpected
500 bp fragment. Using a sense primer to the beginning of
the VEGF-A,;s, VEGF-A,4s, VEGF-A 4., or other
6b-modificd VEGF protcin sequence amd an antisense
primer 1o the internal VEGF-A,4, VEGF-A,q, VEGE-
Ajgs, Or other Gb-modified VEGF protein gene sequence
RI-PCR is used to amplify the expected 400 bp fragmeant.

Finally, using an antibody dirccted against VEGF,
VEGF-A, 1, VEGF-A ¢, VEGF-A 5., o1 other 6b-modified
VEGF protein, protein expression maybe demonstrated 48
hours as well as 14x1 days afier gene transfer in cells and
myocardium from animals that have received gene transfer
with a VEGF-A,;, VEGF-A,q,, VEGF-A g, or other
6b-modified VEGF protein gene.

The helper independeant replication deficient buman aden-
ovirus 5 system can be cmployed 10 prepate lransgene
containing vectors. The material injected in vivo should be
highly purificd and should preferably contain no wild-type
(replication competent) adenovirus. Thus adenoviral infec-
tion and inflammatory infitsation in the heart are minimized.
By injecting the material dircctly into the lumen of the
coronary artery by coronary cathelers, it is possible (o target
the-gene effectively. When delivered in (his manner there
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 should be no transgeas cxpression in hepatocytes, and viral

10

20

kK

35

45

RNA should not be found in the uripe at any time after
intracoronary injection.

Injection of the cobstruct (4.0 ml containing about 10"
viral particles of adenovirus) can be performed by injecting
2.0 ml into both the left and right coronary arterics
(collateral fow to the LCx bed appeared to come from both
vessels). Animals are ancsthetized, and arterial access
acquired via the right carolid by cut-down; a 5F Cordis
sheath is then placed. A S Multipurpose (A2) coronary
catheter is used to cngage the coronary arteries, Closure of
the LCX ameroid is confirmed by conlrast injection into the
left main coronary artery. The catheter tip is then placed 1
cm within the arterial lumen so that minimal material is josl

5 to the proximal aorta during injection. This procedure is

carvied oul for each of the pigs.

Once gene wansfer is performed, three strategics are used
fo establish successful incorporation and cxpression of the
gene: (1) Some consiructs may include a reporter gene
(lacZ); (2) myocardium from the relevant beds is sampled,
and immunablotting is pecformed to quaatitate the presence
of VEGF, ;s protein; and (3) PCR is used to detect VEGF-
Ay 390 VEGF-A ,, VEGF-A, 4., or other 6b-modified VEGF
protein mRNA and DNA.

The regional contractile function data oblained should

show that control pigs show a similar degree of pacing-
induced dysfunction in the ischemic region before and 1421
days after gene transfer. In contrast, pigs receiving VEGF-
Ajagy VEGF-A ¢, VEGF-A s, or olher 6b-modified VEGF
protein gene transfer should show an increase in wall
thickening in the ischemic region during pacing, demon-
strating that VEGF-A 35, VEGF-A, 41, VEGF-A, 1, or other
6b-modified VEGF protein gene transfer in accordance with
the jnvention is associated with improved contraction in the
ischemic region during pacing, Wall thickeaing in 1he nor-
mally perfused region (the interventricular seplum) should
be nommal during pacing and unaffected by genc transfer.
The percent decrease in function measured by transtharacic
echocardiography should be very similar to the percentage
decrease measured by sonomicromelry during atrial pacing
in the same model (Hammond, et al.J. Clin. Invest. 02:2644,
1993), documeating the accuracy of echocardiography for
the evaluation of ischemic dysfunction.
. Although preferred cmbodiments are specifically
described herein, it will be appreciated that many modifi-
cations and variations of the present invention are possible
in light of the above teachings and within the purview of the
appended claims withou! departing from the spirit and
intended scope of the invention.

SEQUENCE LISTING

o
" «<160> NUMBER OF SEQ 1D HOS: 29
€105 SEQ ID NO 1
<211> LEHGTH: -545

<212> TYPE: DNA
213> ORGANISM: Hemo sapien

<400> SEQUENCE: &

ggatccegeaa ccatgaactt tetgotgtet tgggtgeatt ggagcettge cttgetgoto
tacctocace atgccaagty gteccagget geacceatgg cagaagqagqg agggcagaat

catcacqgaag G-gstgaagtt catggatgte tatcagegea getactgeea tocaatcgag

60

120

180
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Accetggtgy acatettcea ggagtacect gatgagateg agtacatctt caagecatec 240
tgtgtgccece tgatgogaty cgggggetge tgcaatgacy agggectyga gtgtgtgeee 300
actgaggagt ccaacatcac catgeagatt atgeggatca ascctoacca aggecagcae 360
ataggagaga tgagettoct acagoacaac aaatgtgaat gecagaccasa gaaagataga 420
gcaagacaag aanaanaate agttcgagga aagggasaqq ggcaaasacg saagcgeaag © 480
aaa_tcccggt ataagtecty gagogtatgt gacaageega ggeqgtgatg aatgaatgayg 540

gatee ’ 545

<2310> SEQ ID NO 2

<211> LENGTH: 51

<212> TYPE: DNA

213> ORGANISH: Homo sapien

«400> SEQUENCE: 2

gtacgttggt gecegetget gtetsatgoe ctggagocta cotggoecee a 51

<210> SEQ ID NO 3

«211> LERGTH: 29

212> TYPE: DNA

<213> ORGANISH: Artificial Sequence

«220> PEATURE:

«223> OTHER INFORMATION: artificially synthesized sequence for PCR
synchesis, containing a portion of human VEGP-A seqguence,

<220> FEATURE: '

€223> OTHER INFORMATION: *n* atands for a, g, © or t.

<400> SEQUENCE: 23

npnnnntacg tecqgttgygty ccogotgat 28

<210» SEQ ID NHO 4

<21l>» LENGTH: 29

<232» TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

€223> OTHER INFORMATION: artificially synithesized sequence for PCR
synthesis, containing a portion of human VEGP-A sequence.

<220s FEATURE:

«223» OTHER INFORMATION: “n” stands for #; 9, Cc or t.

<400> SEQUENCE: 4

acctcggagy gaccggggge ectatagnn 29

«210> SEQ ID HO 5

«211> LENGTH: 69

<212> TYPE: DHA

<213> ORGANYSM: Artificlal Sequence

220> FEATURE!:

«223> OTHER INFORMATION: artificially synthesized sequence containing a
- portion of human VEGF-A Exon 6b.

<220> PEATURE:

<22)> OTHER TNFORMATION: ~n” stands for a, 9, ¢ or t.

<400> SEQUENCE: 5

nhnnnntacg tacgttyggty ccogotgetg teotaatgece tggagectec etggacacey &0
ggatatenn 69
<210> SEQ ID NO 6

«211> LENGTH: 54

€212» TYPE: DNA

<213> ORGANISM: Homo papien

<400> SEQUENCE: 6




o
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aatgtgacaa gecgaggegg tgatgaatga atgaggatge ggccgcaana ggaa

«210> SEQ ID WO 7

<211> LENGTH: 20

«212> TYPE: DMNA

«21)> ORGANISM: Cauliflower Mosalc Virus
<400> SEQUENCE: 7

gosgageteqg tttagtgaac

<210> SEQ XD Yo 8

<211> LENGTH: 22

«212> TYPE: PRY

<213> DRGANISM: Homo sapien

«400> SEQUENCE: 8 -

Met Asn Phe Leu Lev Ser Trp Val His Trp Ser Leu Ala Leu Leu Leu
1 5 10 15

Tyr Leu His His Ala Lys
20

«210> SEQ ID WO 9 .

<21l> LENGTH: 1B]

212> TYPE: DNA

<213> ORGANISM: Homo sapien

400> SEQUERCE: 9

aagagtagct egeogaggeg ccgaggagag cgggocgece cacageocga gecggagaqgy
gagegegage egegecgger caggtegyge ctocgaasce atgaactttc tgotgtottg
ggtygcettyg agecttgeet tgetqetcte cotccaceat greaaggtaa geggtegtge
cet

«<210> SEQ ID NHO 10

<211> LENGTH: Y7

«212» TYPE: PRT

«213>» ORGANISM: Homo sapien

<400> SEQUENCE: 10

Trp Ser Gln Ala Ala Pro Met Ale Glu Gly Gly Gly Gin Asn His Hie
1 -] 10 15

Glu

<210> SEQ ID RO 11

«211> LENGTH: 86

<212> TYPE: DNA

«213> ORGANISH: Homo sapien
<400y SEQUENCE: 11
totetttotg toceteaghgg teccaggety cacccatgge agaaggagga gggcagaate
atecacqgaagy tgagtocose tggetqg
«210> SEQ ID NO 12

<211> LENGTH: 65

«212> TYRPE: PRT

«213> ORGANXSM: Homo sapien
«400> SEQUERCE: 12

Val Lys Phe Met Rsp Val Tyr Gla Arg Ser Tyr Cys His Pro Ile ¢lu
1 s 10 15

———

e

54

20

60

86
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Thr Leu Val Asp Ile Phe Gln Glu Tyr Pro Asp Glu Ile Glu Tyr Ile
20 25 30

Phe Lye Pro Ser Cys Val Pro Leu Met Arg Cys Gly Gly Cyes Cys Asn
35 40 45

-

Aap Glu Gly Leu Glu Cys Val Pro Thr Glu Glu Ser Asn Ile Ther Met
50 55 60

Gln
65

<210> SEQ ID MO 13

«21)}> LENGTH: 231

«212> TYPE: DNA

<213> ORGANISM: Homo sapien

<400> SEQDENCE: 13

tatcgoctet catgcagtqg tgnagtteas ggatgtetat cagogeoagot actgecatee 60
aategagace ctygtggaca tcttocagga gtaccotgat gagatcgagh acatctteaa 120
gecatectgt gtgeccotga tgocgatgegy gggetgetqge aatqgacgagy goctggagtg 180
tgtgoccact gaggagteca acatcaccat gcaggtggge atotttggga a 23)
<210> SEQ ID NO 14

«211> LENGTH: 25

«212> TYPE: PRT

<213> ORGANISH: Homo sapien

<400> SEQUENCE: 14

Xle Met Arg Ile Lys Pro His Gln Gly Gln His Yle Gly Glu Met Ser
1 - 10 15

£he Lew Gln His Asn Lys Cys Glu Cys
20 25

<210> 5EQ ID NO 15

«211> LENGTH: 111

212> TYPE: DNA

<213> ORGANISM: Homo sapien

<400> SEQUENCE: 15

geitecttee tttocagatt atgcggatea aacotcacca agqgecageac ataggagaga 60
tgagettcct acageacaac aaatgtgaat geaggtgagg atgtagtcac g 111
<218> SEQ ID WO 16

«211> LENGTH: §

<2155 TYPE: PRT
<213> ORGANISN: Homo sapien

«400> SEQUENCE: 16
Pro Lys Lys Asp Arg Ala Arg Gln Glu . -

1

g

<210> SEQ ID 8O 17 ’

<€211> LENGTH: 64

<212> TYPE: DNA

<213> ORGANISM: Homo sapien

«<400> SEQUENCE: 17

cteoctance attgeagace maagaaagat agagcaagac sagaaaagta agtggocctg 60

actt 64

«210> SEQ ID-NG" 1B
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<211l> TENGTH: 40

<212>» TYPE: PFRT

<213> ORGANISM: Homo sapien
«400> SEQUENCE: 18

Lys Sex val Acg Gly Lys Gly Lys Gly Gln Lys Arg Lys Arg Lys Lya
1 5 10 15

Ser Arg Tyr Lys Ser Trp Ser val Tyr val Gly Ala Arg Cys Cys Leu
20 25 30

Met Fro Trp Ser Leu Pro Gly Pro
35 40

<210» SEQ ID WO 19

<«211> LENGTH: 140

«212> TYPE: DNA

<213> ORGANISM: Homo eapien

«<400> SEQUENCE: 19

gttetttttat tttocagaas atcagttega ggnaaggyaa aggggcaana acganagoge
aagaaatcce ggtatasgte ctggagegtg tacgttggiq cecgetycty totaatgooe
tggagectee ctgqeccecce . g

<210s SEQ ID WO 20

<2li> LENGTH: 43

<212> TYPE: PRT

€213> ORGANISM: Homo papien

<400> SEQUENCE: 20

Pro Cys Gly Fro Cys Ser Glu Arg Arg Lye His Leu Phe Val Gln Aop
1 5 10 15

Pro Gln Thr Cye Lys Cys Ser Cys Lys Asn Thr Asp Ser Ary Cys Lys
20 25 30

Ala Arg Gln Leu Glu Lew Asn Glu Arg Thr Cys
35 40

<210 SEQ ID HO 21

<2113 LENGTH: 166

©212> TYPE: DNA

«213> ORGARNISM: Homo mapien

«400> SEQUENCE: 21

cttttgoott tttgeagtee ctgtgggoet tgoteagage ggaganagcea ttt‘gtttgta
caagatccge agacgtgtaa atgttoctge asanacacag actegegtiq caaggcgagy
cagettgagt tasacgascy tasttgcagg ttygttccca gsggoa

«210> SEQ Ib No 22

<211> 1LENGTH: 6

«212> TYPE: PRT

«213> ORGANISM: Homo sapien

<400> SEQUENCE: 22

Cys Asp Lys Pro Arg Arg
1 5

<210> SEQ ID NO 23

<211> LENGTH: 138

«212> TYPE: DRA

«213> ORGANISM: Homo sapien

<400> SEQUENCE: 23

60
120

140

60
120

i

o aee—
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ttttecattt coctongatg tgacaagecg aggcggtgag cegggcagga gganggageo
tocotcagygy tttegggaac cagatototc accaggaang actgatacag aacgatcgat
acagasacca cgetgocy

<210> SEQ ID WO 24

211> LENGTH: 164

<212» TYPE: PRT

<213> ORGANISM: Homo sapien

400> SEQUENCE: 24

Met Asn Phe Leu Ley Ser Trp Val His Trp Ser Leu Ala Leu Leu Leu
1 5 10 15

Tyr Leu His His Ala Lys Trp Ser Gln Ala Ala Pro Met Ala Glu Gly
20 25 30

Gly Gly Gln Asn His His Glu Val val Lys Fhe Met Asp Val 1yr Glu
35 40 415

Arg Ser Tyr Cys His Pro Ile Glu Thr Leu Val Asp Ilo Phe Gln Glu
50 55 60

Tyr Pro Asp Glu Ile Glu 7Tyr Ile Phe Lys Pro Ser Cys Val Pro Leu
65 70 15 BO

Het Arg Cys Gly Gly Cys Cys Asn Asp Glu Gly Leu Glu Cys Val Pro
4] 80 95

Thr Glu Glu Ser Asn Ile Thr Met Gln Ile Met Arg Ile Lys Pro His
100 105 110

Gln Gly Gln His Ile Gly Glu Met Ser Phe Leu Gln His Asn Lys Cys
115 120 125

Glu Cys Arg Pro Lys Lys Aop Arg Ala Arg Gla Glu Lys Tyr val Gly
130 135 140

Alea Arg Cys Cyp Leu Met Pro Tep Ser Leu Pro Gly Pro Gln Cys Asp
145 150 155 160

Lys Pro Arg Arg

<2)0> SEQ ID NO 25

<211> LENGTH: 495

«212> TYPE: DNA

<21J> ORGANISM: Homo sapien

«400> SEQUERCEY 25

atgaacttte tgotgtotty ggtgcattyq ageettgeet tgctgeteta cotccaccat
gccaagtggt cocaggotgce asccatyges gaaggaggayg ggeagaatca tc;cgauqtq
gtygasgttca tggatgteta teagegeage tactgocate cantogagac cctggtggac
atettocagg agbeccctgé tgagatcyag tacatcttcea agecatecty tgtgooccetg
atgcgatgeqg ggggetgety caatgacgag ggectgyagt gtgtgeccac tgaygagtec
aacatcacca tgcagattet goggatcaan ecteaccasg gesagcacat aggagagaty
agecttactac agcacaacaa atgtgaatge agaccaaaga aagatagage angacaagaa
aagtacgttg gtgccegotg ctgtctaatg ccctggagee tecctggoce ceaatgtgac
aageegagge ggtga

<210> SEQ ID RO 26

«211> LENGTH: 208

<212> TYPEX PRT
«213> ORGANISM: Homo sapien

-<400> SEQUENCE: 26

S m——

e

60

120

138

60
120
180
240
300
360
420
430

495
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Met Asn Phe Leu Leu Ser Trp Val His Trp Ser Leu Ala Leu Leu Lan
1 5 10 15

Tyr Leu Hip His Ala Lys Trp Ser Gln Ala Ala Pro Met Ala Glu Gly
20 25 30

Gly Gly Gln Asn His His Glu Val Val Lys Phe Met Asp Val Tyr Gln
35 40 45

Arg Sor Tyr Cye His Fro Ile Glu Thr Leu Vel Asp Ile Phe Gln Glu
S0 53 60

Tyr Pro Asp Glu Ile Glu Tyr Ile Fhe Lys Pro Ser Cys Val Pro Leu
65 70 75 80

Het Arg Cys Gly Gly Cys Cys Asn Asp Glu Gly Leu Glu Cys Val Pro
85 90 §5

The Glu Glu Ser Asn Ile Thr Mot Gln Ile Met Arg Ile Lys Pro His
100 105 110

Gln Gly Gln Him XIle Gly Glu Mét Ser Fhe Leu Gln His -Mn"I.ys Cys
118 120 128

Glu Cya Arg Pro Lys Lys Asp Arg Ala Arg Gla Glu Lys Tyr Val Gly
130 135 140

Ala Arg Cys Cys Leu Met Pro Trp Ser Leu Pro Gly Pxo Ris Pro Cyo
145 150 155 160

Gly Pro Cys Ser Glu Arg Arg Lys His Leu Phe Val Gin Asp Pro Gln
165 170 178

Thr Cys Lys Cys Ser Cys Lys Asn Thr Asp Ser Arg Cya Lyas Ala Arg
180 185 - 190

Gln Leu Glu Leu Asn Glu Acg Thr Cys Arg Cys Asp Lys Pro Arg Arg
185 200 205

«210» SEQ ID WO 27

<211> LENGTH: 627

<212> TYPE: DNA

<21l3> ORGANISK: Homo capien

<400> SEQUENCE: 27

atgaacttte tgetgtettg ggqtgeattqg agoettgect tgekgetcta cotecaceat 60
geeaagtygt cccagyotge accratggea ganggaggay ggcagaatoa tcacgaagty 120
gtgaagttca tggatgtcta toagegoage tactgcoate ceategagac cotygtggac 180
atcticcagg agtaccetga tgagatcgag tacatettea agecateetg tgtgecectg 240
atgrgatgey ggggctygetg caatgacgag ggcetggagt gtgtgeceae tgaggagsee 300

ascatcacca tgcagattat goggatcaas oot ag gee

g t aggagagatg 360
agetteotac agocavaacaa stgtgaatqe agaccanaga aagatagage aagacaagaa 420
a.agtncgttg gtgccegety ctgtotaaty ceotggagoe toootgyece ccatccotgt 480
gggecttyct cagagcggag aaageatttg tttgtacaag atccgcagac gtgtasatgt 540
teetgeanaa acacagacte gagttgeaag gegaggeage ttgagttaaa cgaacytact 600
tgcagatyty acaageegag geqgtga 627
<210> SEQ XD NO 28

«211> LENGTH: 183

<«212> TYPE: PRT

<213> ORGAHISM: Homo sapien

«400> SEQUERCE: 28

Het Asn Fhe Leu Leu Ser Trp Val His Trp Ser Leu Ala Leu Leu Leu
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1 5 10

Tyr Leu His His Ala Lye Trp Ser Gln Ala Ala Pro Met
20 25

Gly Gly Gln Asn His Hiv Glu Val Val Lya Phe Met Asp
5 40 45

Arg Ser Tyr Cys His Pro Ile Glu Thr Leu Val RAsp Ile
50 85 60

Tyr Pro Asp Glu Ile Glu Tyr Xle Phe Lys Pro Ser Cys
65 70 5

Met Arg Cys Gly Gly Cys Cys Asn Asp Glu Gly Leu Glu
85 90

Thr Glu Glu Ser Asn 1le Thx Met Gln Ile Met Arg Ile
160 105

Gln Gly Gln His Ile CGly Glu Het Ser Phe Leu Gln His
115 ) 120 125

Glu Cys Arg Pro Lys Lys Asp Acg Ala Arg Gln Glu Lys
130 138 140 '

Arg Gly Lys Gly Lys Gly Gln Lys Arg Lys Arg Lys Lyo
145 150 -~ 155

Lyo Ser Trp Ser val Tyr Val Gly Ala Arg Cys Cys Leu
165 170

S8z Leu Pro Gly Pro Gln Cys Asp Lys Pra Arg Arg
180 185

«210> SEQ ID KO 29

«211>» LENGTH: 665

<232> TYPB: DNA

<213> ORGARISH: Homo sapien

«400> SEQUENCE: 29

Ala
Val
Fhe
val
Cys
Lys
110
Aen
Lys
fer

Hat

atganctttc tgctgtottg ggtgeattqg agecttgect tgotgotcta

gocaaghyggt ecccaggeotye tggea gaasggaggag ggcagaatea

gtgaagttca tggatgtcta tcagegeage tactgecate caatcgagac

atcttecagg agtaccotga tgagatcgag tacatottea agecatocty

atgegatgey ggggctgety caatgacgag qggcetggagt gtgtgocoas

aaratcacca tqeagattat gcggatcaaa ccotcaccang gacagoacat

agettoctac ageacancaa atgtgaatge agaccaaaga aagatagage

aasasateag ttecgaggsasa gqgasagggg casasacgan agegcasgaa

aagtectgga geogtgtacgt tggigeccge tgetgtotaa tgccctggag

ccccantgty acaagocgag geggtgaceg ggeaggagga aggagoctee

cgggaaceag atctcteace aggaaagact gatacagaac gatcgataca

tgeeg

15

Glu Gly

Tyr Gln

Gln Glu

Pro Leu
80

Val Pro
95

Pro His

Lys Cys

Ser Val

Arg Tyr
160

Pro Trp
175

cctacaccat &0
teacqgaagtg 120
catggtggac 130
tgtgueccctyg 240
tgaggagtec 30D
aggagagatqg 360
aagaceagee 420
atcceggtat 480
cctoeetgge 540
cheagggtet 600

gasaccacyge 660

665

We claim:

1. A oucleic acid scquence, encoding a 6b- modified
tuman VEGF-A polypeptide, comprising exons 1-5, 6b and
8 of VEGF-A and lacking exon 7 of VEGF-A.

2. The nucleic acid scquence of claim 1, encoding the
amino acid sequence of SEQ ID NO 24,

3. The nucleic acid sequence of claim 1, encoding the
amino acid scquence of SEQ ID NO 28.

4. An cxpression vector comprising a nucleic acid accord-
ing to claim 1,

60

5. The cxpression vector according to claim 4, wherein -

said nucleic acid encodes the amine acid sequence of SEQ
ID NO 24, )
6. The expression vector according to clzim 4, wherein

said nucleic acid encodes the amino acid scquence of SEQ
ID NO 28.
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into the nationul phasc, to Tumish the priority document within a time Timit which is reasonable under the circumstances.

iority date forily . o _ L
Prorily date Priority application No. MQMMMECI ecivine O I.mem. ity d
17 June 2005 (17.06.2005) 60/691,909 us 11 August 2006 (11.08.2006)
21 April 2008 (21.04.2006) 60/724,008 us 11 August 2006 (11.08,2006)
The Intermational Bureau of WIPQ Autlorized officer
34, chemin des Colombettes .
1211 Geneva 20, Switzerland Simin Baharlou

Facsimile No. +41 23 338 71 30

Facsimile No, +41 22 338 82 70 Telephone No. +41 22 338 99 32
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNDER SECRETARY OF COMMERCE FOR INTELLECTUAL PROPERTY AND
DIRECTOR OF THE UNITED STATES PATENT AND TRADEMARK OFFICE

IRENE PLEASURE FTAS *500125252A*

1 DNA WAY * 800128252
SOUTH SAN FRANCISCO, CA 94080

JuLy 13, 2006

UNITED STATES PATENT AND TRADEMARK OFFICE
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF
THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFIIM COPY IS
AVAILABLE AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER
REFERENCED BELOW.

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE

- NFORMATION CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA

-RESENT IN THE PATENT AND TRADFEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD

FIND ANY ERRORS OR HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY

CONTACT THE EMPLOYEE WHOSE NAME APPEARS ON THIS NOTICE AT 571-272-3350.
PLEASE SEND REQUEST FOR CORRECTION TO: U.S. PATENT AND TRADEMARK OFFICE,
MAIL STOP: ASSIGNMENT SERVICES BRANCH, P.O. BOX 1450, ALEXANDRIA, VA 22313.

RECORDATION DATE: 07/13/2006 REEL/FRAME: 017926/0621
i NUMBER OF PAGES: 6

BRIEF: ASSIGNMENT OF ASSIGNOR'S INTEREST (SEE DOCUMENT FOR DETAILS) .
DOCKET NUMBER: PR2358

ASSIGNOR: ‘
SEMBA, CHARLES DOC DATE: 06/08/2006

ASSIGNOR:
BUNTING, STUART DOC DATE: 06/12/2006

~SSIGNOR:
BREEN, TIMOTHY J. _ DOC DATE: 06/20/2006

ASSIGNEE:
GENENTECH INC.
1 DNA WAY -
SQUTH SAN FRANCISCO, CALIFORNIA

94080

P.O. Box 1450, Alexandria, Virginia 22313-1450 - waw.useto.cov
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SERIAL NUMBER: 60794008 FILING DATE: 04/21/2006
PATENT NUMBER: ' ISSUE DATE:
TITLE: WOUND HEALING

ASSIGNMENT SERVICES  BRANCH
PUBLIC RECORDS DIVISION
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PATENT ASSIGNMENT

Electronic Version v1.1 07/13/2006 Q fa
Stylesheet Version v1.1 500125252 C)-

| SUBMISSION TYPE: " NEW ASSIGNMENT 4 '
| NATURE OF CONVEYANCE: II ASSIGNMENT ]

CONVEYING PARTY DATA -

| . Name I Execution Date

Charles Semba . Ilos/oslzoos
Stuart Bunhng 06/1 2/2008

Timothy J. Braan |06/20I2006

H

RECEIVING PARTY DATA

r——_—_[:: : )
Name Genentech Inc

86t Address: "1 DNA Way
|ICily' "South San Francisco
lSlahaICoumry "CALIFORNIA

| Postal Code: [94080

PROPERTY NUMBERS Total: 1

o0
o
=
Applleabon Number: 60794008 ©
|| corresPoNDENCE DATA 8
o
<
Fax.Number: (650)952-9881 >
Correspondence will be sent via US Mail when the fax attempt Is unsuccessful, g
. he: 650/467-6629
Email: patty@gene.com
Correspondent Name: lrene Pleasure
Address Line 1: 1 DNA Way
Address Line 4: South San Franclsco, CALIFORNIA 94080

ATTORNEY DOCKET NUMBER: PR2358

Total Attachments: 4
source=Assighment80794008#paga1.tif

source=Assignment60794008#page2.tif
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"IN WITNESS WHEREOF we undersign as follows:

South San-Francisco

‘ Charles Semba
Dated: : ‘

South San Francisco | @’t.’:(\g \_’C-\\

Stuart Bunting
Dated: é[ [2/0 é .

Haif Moon Bay

Timothy J. Breen
- Dated: ' .

Page 2 of 2




IN WITNESS WHEREOF We_ undersign as follows:

SAouthl San Francisco

Dated:

South San Francisco

Dated:

Half Moon Bay

Dated; __b~20-0b

Charles Semba

"Stuart Bunting '

“Timothy J. Breen

Page 2 of 2
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNDER SECRETARY OF COMMERCE FOR INTELLECTUAL PROPERTY AND
DIRECTOR OF THE UNITED STATES PATENT AND TRADEMARK OFFICE

IRENE PLEASURE FIAS *7002 1 6298A*

GENENTECH, INC. * 7016208/
1 DNA WAY
SOUTH SAN FRANCISCO, CALIFORNIA 94080

DECEMBER 07, 2005

UNITED STATES PATENT AND TRADEMARK OFFICE
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF
THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS
AVAILABLE AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER
REFERENCED BELOW.

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE

INFORMATION CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA

PRESENT IN THE PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD

IND ANY ERRORS OR HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY
CONTACT THE EMPLOYEE WHOSE NAME APPEARS ON THIS NOTICE AT 571-272-3350.
PLEASE SEND REQUEST FOR CORRECTION TO: U.S. PATENT AND TRADEMARK CFFICE,
MAIL STOP: ASSIGNMENT SERVICES DIVISION, P.O. BOX 1450, ALEXANDRIA, VA 22313.

RECORDATION DATE: 10/07/2005 REEL/FRAME: 016859/0809
' NUMBER OF PAGES: 3

BRIEF: ASSIGNMENT OF ASSIGNOR'S INTEREST (SEE DOCUMENT FOR DETAILS) .

ASSIGNOR:

SEMBA, CHARLES DOC DATE: 10/04/2005
ASSIGNOR:

BUNTING, STUART DOC DATE: 10/04/2004
ASSIGNOR: - "

BREEN, TIMOTHY J. DOC DATE: 10/04/2005

SSIGNEE:
GENENTECH, INC.
1 DNA WAY

SOUTH SAN FRANCISCO, CALIFORNIA

94080-4990

P.Q. Box 1450, Alexandria, Virginia 223131450 - www.USPT0.GOV
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SERIAL NUMBER: 60691909 FILING DATE: 06/17/2005 C
PATENT NUMBER: ISSUE DATE:

TITLE: WOUND HEALING

ALLYSON PURNELL, EXAMINER
ASSIGNMENT DIVISION
OFFICE OF PUBLIC RECORDS
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U S DEPARYM) NT OF COMMERCE
RECORDATION FORM COVER SHEET Parers 1) Trade nark Office
PATENTS ONLY Anty Dkt Nu: PR2235Y

Conumsyoner for Paenty  Pleuse reoard the anacheq ongimal documeny oF Copy tien-at’

1. Name of conveying party(ies): 2. Name and addyess of recejving »arry(ies):
Charles Semba Neme: GENENTECH, INC,
Swiart Bunting Internal Address:
Tismoiby J. Breen Srreet Address: ] DNA Way
Adanec) cumets)of coney g pany ) acted” . Yes & No Ciry: Sauth San Francisco Suar. : California
Z3P: 940804990
3, Namre of conveyance: Addional mamels) & wkdresses) attachea  Yes X No
X Assignmeny. Merger
Security Agreement
Change aof Name
Dnhes: _
Execution Dage: Qciober 4, 2005, October &, 2005,
Qctober 4, 2005

* ‘4. Application number(s) or patent nuymber(s); - -
If iy GOCHRRTR i5 Deing fled mpether wib) i new applicanon, e execution dure of the apphicanion js
A Fuwem Application No (3) . B, 7atemt No.(s)
60/691,909

AMUTANA TMOCD Bthed® | Yer X ND

5. Name and address of party 1o whom correspondence . 8. Lol Aamber of applications a 1 pawenss

copeerning document should be mailed: involved: 1
7. Towl fee (37 CFR 3.41): $a(.00
Irene Pleasure . Enclosed
GENENTECH, INC. - .
1 DNA Way X Authorized to be charged 1./ deposit account
South San Francisco, CA 94080 8.  Peposit account number:
07-063Q
DO NOT USE THIS SPACE

9. Sumument and signerre.
To the best of my knowlcdge and beiicf. Ui foregong wfonmERoN 55 Wuc 813 COMTecT anid BTy aRached copy

¥ & Wus copy of e onguml duCusners
: Jgens Picasun: M‘L > Ocrober 7, 2005
Name of Person Signing ' Signamre D:uc
. Regismarion No, 45,506

_Tatal wamber af pages comprising cover sheet, amachmenss 1nd document: 3

Kevibaa {I0N1/97)
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N U.S. DEPARTMENT OF COMMERCE
RECORDATION FORM COVER SHEET Patent and Trademark Office
PATENTS ONLY Atty Dkt No: PR2258

Commissioner for Patents: Please record the attached original documents or copy thereof.

1. Name of conveying party(ies): 2. Name and address of receiving party(ies):
Name: GENENTECH, INC.

Charles Semba
Stuart Bunting Internal Address:

Timothy J. Breen Street Address: 1 DNA Way

Additional name(s) of conveying party(ies) attached? _Yes X No City: South San Francisco State: California
_ ZIP: 94080-4990
3. Nature of conveyance: Additional name(s) & address(es) attached? _ Yes X_No
X Assignment Merger

Security Agreement
Change of Name
Other:
Execution Date: October 4, 2005, October 4, 2005,

October 4, 2005

4. Application number(s) or patent number(s):

If this document is being filed together with a new application, the execution date of the application is:
A. Patent Application No.(s) ' ~ B. Patent No.(s)
60/691,909

Additional numbers attached? _ Yes X No

5. Name and ad.dress of party to whom correspondence 6. Total number of applications and patents

concerning document should be mailed: involved: 1
7. Total fee (37 CFR 3.41): $40.00
Irene Pleasure _ Enclosed
GENENTECH, INC. . .
{ DNA Way . X Authorized to be charged to deposit account
South San Francisco, CA 94080 8. Deposit account number:
07-0630
DO NOT USE THIS SPACE

9. Statement and signature.

To the best of my knowledge and belief, the foregoing information is true and correct and any attached copy

is a true copy of the original document. : .
Irene Pleasure W [%&(,wg__, QOctober 7, 2005

Name of Person Signing /V Signature Date
Registration No. 45,506

Total number of pages comprising cover sheet, attachments and document; 3
Revised (10/11/95) |
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Docket No. PR2258
ASSIGNMENT

WHEREAS, Charles Semba, a citizen of USA, residing at 1925 Byron Street, Palo Alto, CA
94301, and Stuart Bunting, a citizen of GB, residing at 220 Miramontes Ave., Half Moon Bay, CA
94019, and Timothy J. Breen, a citizen of USA, residing at 432 Coronado Ave., Half Moon Bay, CA
94019, (hereinafter "ASSIGNORS"), have invented a new and useful invention in

Wound Healing

for which a provisional application Serial No. 60/691,909 (Docket No. PR22568) has been filed by them
on June 17, 2005; and

WHEREAS, GENENTECH, INC., a corporation organized and existing under and by virtue of the
laws of the State of Delaware, having a place of business at 1 DNA Way, South San Francisco,
California 94080-4490, is desirous of acquiring an interest in and to said invention, and in-and to the
Letters Patents to be obtained therefor; |

NOW, THEREFORE, be it known by all whom it may concern;

That for good and valuable consideration the receipt of which is hereby acknowledged, the said
ASSIGNORS have and do hereby sell, assign, transfer and set over unto the said GENENTECH, INC,,
its successors and assigns, the full and exclusive right, title and interest including all rights under the
Paris Convention for the Protection of Industrial Property, in and to said invention, and in and to any and
all Letters Patents to be granted and issued therefor or any continuation, division, renewal, or substitute
thereof, and as to Letters Patents any reissue or re-examination thereof, not only for, to, and in the
United States of America, its territories and possessions, but for, to and in all other countries; and it has
been and is hereby authorized and requested that the appropriate government agencies issue said Letters
Patents to said GENENTECH, INC., in accordance with this Assignment.

Said ASSIGNORS covenant and agree to cooperate with GENENTECH, INC., to enable said
GENENTECH, INC. to enjoy to the fullest extent the right, title and interest herein conveyed in the
United States and foreign countries. Such cooperation by said ASSIGNORS includes prompt production
of pertinent facts and documents, giving of testimony, execution of petitions, oaths, specifications,
declarations or other papers, and other assistance all to the extent deemed necessary or desirable by

said GENENTECH, INC., (a) for perfecting the right, title and interest herein conveyed; (b) for

prosecuting any of said applications; (c) for filing and prosecuting applications for reissuance of any of
said patents; {d) for interference or other priority proceedings involving said invention; and (e} for legal
proceedings involving said invention and any applications therefor and any patents granted thereon,
including without limitation opposition proceedings, cancellation proceedings, priority contests, public
use proceedings, infringement actions and court actions; provided, however, that the expense incurred
by said ASSIGNORS in providing such cooperation shall be paid for by said GENENTECH, INC.

The terms and covenants of this assignment shall inure to the benefit of said GENENTECH, INC.,

its successors, assigns and other legal representatives, and shall be binding upon said ASSIGNORS, their
respective heirs, legal representatives and assigns.

Page 1 of 2
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Said ASSIGNORS hereby warrant and represent that they have not entered and will not enter
into any assignment, contract, or understanding in conflict herewith.

IN WITNESS WHEREOF we undersign as follows;

South San Francisco

Dated: Qctobey 4, 2008

South San Francisco

Dated: _{OD /‘,l ’/"Loo S

South San Francisco

Dated: __Vo]u| 225~

#190441

hnddorhro——

Charles Semba

ST

Stuart Bunting \

“Tpdhy T: Pkl

Timothy J. Breen

Page 2 of 2
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P2358R1

PCT REQUEST

1/4

Original (for SUBMISSION )

For receiving Office use only

0-1 (ntemnational Application No.
02 Intermational Filing Date
03 Name of receiving Office and "PCT
lntemational Application®
0-4 Form PCT/RO/101 PCT Request .
0-4-1  [Prepared Using PCT-SAFE [EASY mode]
Version 3.51.005.180 MT/FOP
. 20060401/0.20.4rc.2.7
0-5 |Petition :
The undersigned requests that the
present international application be
processed according to the Patent
Cooperation Treaty
0-6 :e‘:ﬁi:‘r’:g Office (specifiedby the  [ynjted States Patent and Trademark
Pp Office (USPTO) (RO/US)
0-7 Applicant's or agent's file reference P2358R1
| Title of Invention WOUND HEALING
il Applicant
fl-1 This person is

-2 Applicant for
l-4 Name
-5 Address

-6 State of nationality
-7 State of residence
-8 Telephone No.

-9 Facsimile No.

applicant only
all designated States except US
GENENTECH, INC.

1l DNA Way

MS 49

South San Francisco, California 94080
United States of America

us
us
650-225-1000
650-952-9881

n-1 Applicant and/or inventor
-1-1  |This parson is

fi-1-2  {Applicant for
I-14  |Name (LAST, First)
W15 laddress

il-1-6  [State of nationality
I-1-7  [State of residence

applicant and inventor
US only

BREEN, Timothy J.

432 Coronado Avenue

Half Moon Bay, California 94019
United States of America

Us

us

29 o




P2358R1

2/4
PCT REQUEST
Original (for SUBMISSION )
-2 Applicant and/or inventor
21 IThis person s applicant and inventor
W-2-2  |Applicant for UsS only
W24 |Name (LAST, First) BUNTING, Stuart
-2-5  [Address 220 Miramontes Avenue
Half Moon Bay, California 94019
United States of America
-2-6  |Stata of nationality e):)
2.7  |State of residence us
3 Apblicant and/or inventor
#l-3-1  |This person is applicant and inventor
32 |Applicant for US only
-3-4  |Name (LAST, First) SEMBA, Charles p.
M35  jAddress 1925 Byron Street
Palo Alto, California 94301
United States of America
N-3-6  {State of nationality us
NE-3-7  |State of residence Us
V-1 Agent or common representative; or
address for correspondence
The person identified below is hereby/
has been appointed to act on behalf of agent
the applicani(s) before the compelent
Intemational Authoities as:
V-1-1 _ |Name (LAST, First) PLEASURE, Irene
V12 |Address ¢/o GENENTECH, INC.
1l DNA Way
MS 49 ,
South San Francisco, California 94080
- United States of America
V-1-3  [Telephone No. 650-467-6829
V1.4 [Facsimile No. 650~952-9881
IV-1-6  JAgent's regisiration No. 45,506
V-2 |Additional agent(s) additional agent(s) with same address as
first named agent
v-2-1

Name(s)

ATULYA,Agarwal R.; ANDRUS,Alex;

BARNES, Elizabeth M.; CARPENTER,David A.;
COBURN, Cara M.; CONLEY,Deirdre L.;

CUI, Steven X.; ELLIOTT,Jennifer;

EVANS, David; HASAK, Janet B.;

JOHNSTON, Sean A.; KALINOWSKI, Grant;
KRESNAK, Mark T.; KUBINEC, Jeffrey S.;

|LEE,Wendy M.; MARSCHANG,Diane L.;

24y
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P2358R1
3/4

PCT REQUEST
Original {for SUBMISSION )
NAIK,Paul; PASQUALONE (Danielle;
SCHWARTZ, Timothy R.; SHERMAN, Daniel :
SHIN,Elinor K.; SVOBODA, Craig G.;
TAN,Lee K.; YRUNG,Bonnie

v DESIGNATIONS

V-1 The fifing of this request constitutes

under Rule 4.9(a), the designation of
all Contracting States bound by the
PCT on the international filing date,
for the grant ot every kind of
protection available and, where
applicable, for the grant of both
regional and national patents.

Vi1 Priority claim of earlier national
application
V-1 Filing date 17 June 2005 (17.06.2005)
VI-1.2  [Number 60/691, 909
Vi-1-3 kCOunlty us
vi-2 Priority claim of earlier national
application -
VI-2-1  [Filing date 121 April 2006 (21.04.2006)
Vi-2-2* |Number 60 /7 94,008
VI2-3  |Country us
via Priority document request
The receiving Office is requested o - -
prepare and transmit lo the Intemational VI-1, VI-2
Bureau a cedified copy of the earlier
application(s) identified above as
. item(s):
vil- g'n':emational Searching Aulhority European Patent Office (EPO) ( ISA/EP)
osen
vill Declarations Number of declarations
VIHi-t Declaration as to the identity of the -
inventor
VII-2  [Declaration as to the applicant's -
entitlement, as at the infemational filing
dale, lo apply for and be granted a
patent
VI3 [Declaration as to the applicant's -
eqlilement, as at the International filing
dale, to ¢laim the priority of the earller
application
V-4 [Declaration of inventorship {only for the
purposes of the designation of the
United States of America)
V-5  |Declaration as to non-prejudicial

disclosures or exceplions to lack of

novelty

2%2.
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P2358R1 (\/\
4/4
PCT REQUEST =
Original (for SUBMISSION ) AV

1) ¢ Check list number of sheels electronic file(s) allached
t%-1 Request (including declaration sheets) 4 v
I1X-2 Description 48 -
X3 Claims 2 -
X4 Abstract 1 v
X5  [Drawings 1 -
IX-7 TOTAL 56

Accompanying ltems paper document{s) attached electronic file(s) attached
X-8 Fee calculation sheet / -
IX-11  [Copy of general power of atlornay v -
IX-17  |PCT-SAFE physical media - 4
IX49  |Figure of the drawings which should NONE

accompany the abstract
IX-20  lLanguage of filing of the international English

application
X-1 Signature of applicant, agent or

comtmon representative ; % W
X-1-1  |Name {LAST, Firsl) PLEASURE, Irene
X-1-2  |Name of signatory
X-1-3  {Capacity

FOR RECEIVING OFFICE USE ONLY

10-1 Date of actual receipt of the

purported international application
10-2 Drawings:
10-2-1  |Received
10-2-2  |Nof received .
103 Corrected date of actual receipt due

to later but timely received papers or

drawings completing the purported

internationaf application -
10-4 ﬂoa(e of timely receipt of the required

corrections under PCT Article 11(2)
105 linternational Searching Authority ISA/ED
10-6 Transmittal of search copy delayed '

until search fee is paid

FOR INTERNATIONAL BUREAU USE ONLY

114 Date of receipt of the record copy by

the lnternational Bureay
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SECRETARY OF STATE

APOSTILLE

(Convention de La Haye du 5 octobre 1961 )

Country: United States of America.
This public document

has been signed by AIDA MICLAT GUIAM
acting in the capacity of Notary Public, State of California

bears the seal/stamp of AIDA MICLAT GUIAM, Notary Pub/ic,
State of California

CERTIFIED
At Sacramento, California
the 15th day of December 2005

by Deputy Secretary of State, State of California
No. 267083

Seal/Stamp:

10. Signature

Secretary of State

O8P 05 90772




CALIFORNIA ALL-PURPOSE ACKNOWLEDGMENT
R A O N B R R B A

LKA

0}

State of California

2 SS,
County of 90/\ Met )
On 0(7 ( [4\1;) {_,\/ [,-» , /L(:l;)f‘*; befO re me /}) c(lég‘ M )‘(,L’a/j (“J’L(/‘ %4 ,’A‘
Dale Name and Title of Officer {e.g., "Jane Doe, Notary Pubilc")
=y R Scherart
personally appeared rv fhae,, 0N ol Tg
a Name(s) of Signer(s) 17

[ personally known to me

I proved to me on the basis of satisfactory
evidence

to be the personfs} whose name(sy isfate
subscribed to the within instrument and
acknowledged to me that he/shefthey-executed
the  same in histherftheir  authorized
capacityfiesy, and that by histherthei-
signaturefs} on the instrument the persontsy}, or
the entity upon behaif. of which the person{sy
acted, executed the instrument.

Commission # 1455662 WITNESS my hand and official seal.

Notary Public - Callfomia £ m)v 9 = ,

, San Mateo County _; 2 ;/, ) ztwfw V;“‘\\
iy MY Comm. Expifes Dec 9, 2007 . Signature of Nolary Publ'lfz)

A

I
3

"~ Though the information below is not required by law, it may prove valuable 1o persons rely

© 1999 Nalionai Notary Association * 5350 De Solo Ave., P.O. Box 2402 » Chatsworlh, CA 91313-

: OPTIONAL

ing on the document and could prevent
fraudulent removal and reattachment of this form to another document.

Des&r‘i‘pt\i\gn of Attached Document

Title or Type of"Dbeg_“ment:

Document Date: . i Number of Pages:

Signer(s) Other Than Named Abo:/.é":x. _

o

™.,

Capacity(ies) Claimed by Signer ™_

Signer's Name:

I RIGHT THUMBPRINT
. __OF SIGNER
J Individual

R Top of thumb here
L) Corporate Officer — Title(s): A
0 Partner — [ Limited [ General ~.
O Attorney-in-Fact . ]
[0 Trustee . .
(3 Guardian or Conservator :

O Other: ™~

Signer Is Representing: ™~

R R XS A S PR U7 < R R R RTTRAR wmwuo%

2402 ¢ www.nallonalnotary.org Prod. No, 5907 Reorder: Calldg |-Free 1-800-876-6827
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- Fecha del Documento: : Nimero de paginas:

RECONOCIMIENTO TODO-PROPOSITO DE CALIFORNIA

Estado de California )

} ss.
Condado de San Mateo )

El 6 de diciembre de 2005, ante mi, AIDA MICLAT GUIAM, aparecié personalmente
Thimoty R. Schwartz

[J a quien conozco personalmente

quien demostré ante mi en base a

evidencia satisfactoria ser la persona cuyo
Hay un sello que dice:

nombre esta suscrito en el instrumento y
AIDA MIGLAT GUJAM quien reconoci6 ante mi que ejecutd el
ﬁggrflgfbﬁcygéﬁgﬁia mismo en su capgcidad autorizada, y que
Condado de San Mateo por su firma en el instrumento la persona o
Mi comisién expira Dic. 9 de 2007 la entidad a nombre de la cual Ia persona

actuo, ejecutd el instrumento.
Atestigua mi firma y sello oficial,

AIDA MICLAT GUIAM

- — ---OPCIONAL

Aunque la informacion en esla seccién no es requerida por la ley, puede probar ser valiosa para las personas que se basan en el documento ¥ puede
prevenir la remocion y readhesion fraudulenta de esta forma a otro documento

Descripcion adicional de cualquier documento anexo
Titulo o tipo de documento:

Firmante(s) diferente(s) a (los) nombfado(s) arriba;

Capacidad(es) Reivindicada(s) por el (los) firmante(s)
Nombre def firmante:

Individuo

Funcionario Corporativo - Titulo(s):

Socio - [ Limitado [J General

Huella indice

Abogado de hecho derecho del firmante

Fideicomisario
Guardian o conservador
Otro:

Parte alfa del dedo aqul

oooogooo

El firmante representa;

- )
At
5 -&w‘;ﬁ‘&
P % '\'(('?) 3
£ %‘i‘)\ Qi OO

e

X\“‘\ . OVAD
RO SR
Yot ot
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A

A

TRADUCCION AL ESPANOL del Documento de Poder otorgado por Genentech,

Inc. domiciliada en 1 DNA Way, South San Francisco, California 94080-4990,
Estados Unidos de América.

ESTADO DE CALIFORNIA
SECRETARIA DE ESTADO

APOSTILLA
(Convencion de La Haya del 5 de Octubre de 1961)

1 ‘Pais: Estados Unidos de América
Esta documento publico
2, ha sido firmado por AIDA'MICLAT GUIAM
actuando en Capaoidéd de Notario Publico, Estado de California

4. lleva el sello/timbre de AIDA MICLAT GUIAM, Notario Pdblico
Estado de California

CERTIFICADO

en Sacramento, California
el 15 de diciembre de 2005

por el Secretario de Estado Delegado, Estado de California
No. 267083

Sello/Timbre

© o N o »

10. Firma

(Firma)

Secretario de Estado
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AUTORIZACION

Genentech, Inc. por la presente autoriza a cualquiera de Janet E. Hasak, Mark T.
Kresnak, Jeffrey S. Kubinec y Thomity R. Schwartz, mientras permanezcan como
emple‘ados de Genentech, Inc., a ejecutar, a su nombre, cualquier solicitud
asociada ‘con presentacion, procesamiento, consecucion, y extension y
mantenimiento de concesién de solicitudes de patente y marca registrada en los
Estados Unidos y paises extranjeros, contratos relacionados con depositos
bioldgicos con la Coleccion Americana de Tipo de Cultivo, y cesiones a publicistas

de derechos de autor que cubran los trabajos de autoria de los empleados de
Genentech,

27 de Agosto de 2002 (Firma)

Fechado Sean A. Johnston

Vicepresidente, Propiedad Intelectual

Genentech, Inc.
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AUTHORIZATION

Genentech, Inc. hereby authorizes any of Janet E. Hasak, Mark T. Kresnak, J effrey S.

Kubinec and Timothy R. Schwartz, for so long as they remain employees of Genentech,
Inc., to execute, on its behalf, any submissions associated with the filing, prosecution,
granting, and extension and maintenance of grant of patent and trademark applications in
the U.S. and foreign countries, contracts relating to biological deposits with the American
Type Culture Collection, and assignments to publishers of copyrights covering works
authored by Genentech employees |

August 27,2002 Azon dohare

Dated

Sean A. Johnston
Vice President, Intellectual Property
Genentech, Inc.
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BOGOTA - COLOMBIA

- PODER

Yo (nosotros)

domiciliado(s) en

Nombro(amos) a: JUAN PABLO CADENA SARMIENTO
y/o BEATRIZ JARAMILLO y/o CARLOS H. PALACIO
EASTMAN y/o HECTOR GOMEZ MEJIA, de Bogota,
@olombia, apoderados verdaderos y legales con poder
especial, amplio y suficiente, para recabar de las oficinas y
&utoridades colombianas administrativas, judiciales y de
policia, en cualquier instancia o recurso, la obtencién de
patentes’ de invencion, registros de marcas, disefios
industriales, modelos de utilidad, depdsitos de nombres
comerciales y ensefias, registros de derechos de autor y
contratos sobre Jos mismos, obtencién de certificados de
nhtentor de variedades vegetales, as/ como sus prérrogas,

iovaciones, anotaciones de traspaso, cambios de nombre
y/o domicilio; elaborar, tramitar y registrar contratos de
licencia y licencias de cualesquiera clases; intervenir como

_.demandante o como demandado en cualquier instancia y”

‘iecurso ante cualquier juez, corporacién, funcionario publico
o autoridad en acciones judiciales, administrativas y de
policla tales como: oposiciones al registro de marcas;
acciones de caducidad, cancelacion y nulidad; acciones
reivindicatorias, acciones derivadas de la obtencién o
explotacién de licencias; acciones de competencia desleal:
demandas penales; acciones de indemnizacién de
perjuicios, reclamos y observaciones a solicitudes de
patentes, disefios industriales, modelos de utilidad, en el

ejercicio de medidas cautelares y en otras acciones o
medidas similares.

A este efecto, lo(s) faculto(amos) para elevar solicitudes,
formular descripciones, enmiendas, -protestas,
declaraciones, oposiciones, cancelaciones, nulidades,

slaciones y reclamos; pagar impuestos, cuotas y
yravamenes prescritos. por la ley; renunciar o desistir a
derechos concedidos o en curso de concesion; recibir toda

__clase de documentos y valores, dando el descargo
{ ‘respectivo, y, en general, para dar ante dichas autoridades

“todos los pasos necesarios al efecto indicado y tomar todas
las medidas que creyeren conducentes al resguardo de mis

(nuestros intereses), con todas las demas facultades legales
necesarias.

POWER OF ATTORNEY

I (We) Genentech, Inc.
1 DNA Way

domiciledin  South San Francisco, California 94080-499(
USA

Hereby appoints JUAN PABLO CADENA SARMIENTO
and/or BEATRIZ JARAMILLO and/or CARLOS H.
PALACIO EASTMAN and/or HECTOR GOMEZ MEJIA, of
Bogota, Colombia, my (our) true and lawful attorneys with
special, ample and sufficient power to obtain from the
Colombian administrative, judicial and police offices and
authorities, in any instance, privileges of patents of

-invention, registration of trademarks, industrial designs and

utility models; registration of commercial names and
emblems, registration of copyright and contracts related
thereto, certificates of obtainers of vegetables varieties, as
well as extensions, renewals and recordal of assignments
and changes of name and domicile related to the above; to
prepare, prosecute and register licenses of any kind; to act
as plaintiff or defendant in any instance or recourse, and
before any judge, corporation, public official or authority in
judicial, administrative and police actions, such as:
oppositions to the registration of trademarks; caducity,
cancellation and nullity actions; claim actions derived from
the obtaining or explotation of licenses, action of unfair

_competition; criminal proceedings, actions for payment of

damages: claims or observations on patent applications,
models, .industrial designs and utility models; in the exercise

of preventive measures and in other actions or similar
proceedings.

To that effect they hereby empowered to file applications,
formulate descriptions, amendments, protests, declarations,
oppositions, cancellations, nullities, appeals and claims; to
pay taxes, quotas and assessments prescribed by law,
renounce or waive the rights granted or in the process of
granting; to receive all kinds of documents and valuables,
giving the respective release of receipt, and, in general, to
take before said authorities the necessary steps to such
effect, and any measures that they may deem pertinent to

the safeguard of my (our) interest(s) with all the other
necessary legal powers.

I

. Este poder comprende la facultad de ratificar o confirmar en
mi (nuestro) nombre lo actuado asf como Ia facultad de
» desistir, transigir, comprometer, y la de sustituirlo en todo o

This power includes the faculty to ratify or confirm desist,
settle and compromise on my (our) behalf, and to substitute

en parte y revocar sustituciones. Asimismo nombro{amos)
a: JUAN PABLO CADENA SARMIENTO y/o BEATRIZ
JARAMILLO y/o CARLOS H. PALACIO EASTMAN y/o
HECTOR GOMEZ MEJIA,, domiciliado(s) en la Carrera 7
No. 16-56 Piso 9, mis (nuestros) apoderados en Colombia,
con facultades para recibir notificaciones y designar
apoderados judiciales o extrajudiciales.

Otorgado y firmado en
hoy . de T T de
Firma

Nombre
Cargo

this power in whole or in part and to revoke substitutions. At
the same time | (We) hereby appoints JUAN PABLO
CADENA SARMIENTO and/or BEATRIZ JARAMILLO
and/or CARLOS H. PALACIO EASTMAN and/or HECTOR
GOMEZ MEJIA, domiciled in Carrera 7 No. 16-56, Piso 9,
my  (our) attorney(s) in fact, with powers to receive

notifications and to designate judicial and extrajudicial
attorneys.

South San i?rancisco, California
anted and signed in - USA

.fDecemb%®05

Name Limothy R. Schwartz, Ph, D,

Title Section Patent Coungel

AuthQrized Corporate Signatory
Genentech) Ine, :



: +
postille
(Convention de La Haye du 5 Octobre 1961)

Country: United States of America
This public document:
has been signed by Harriet Smith Windsor

acting in the capacity of Secretary of State of Delaware

bears the seal/stamp of Office of Secretary of State

Uertified

at Dover, Delaware

the twenty-fourth day of May, A.D. 2005

by Secretary of State, Delaware Department of State

No. 0254030

Seal/Stamp: 10. Signature:

Secrata Yy of State




PAGE 1

TS T T I T

The ‘First State

I, HARRIET SMITH WINDSOR, SECRETARY OF STATE OF THE STATE OF
DELAWARE, DO HEREBY CERTIFY THE ATTACHED IS A TRUE AND CORRECT

COPY OF THE RESTATED CERTIFICATE OF "GENENTECH, INC.", FILED IN

THIS OFFICE ON THE TWENTY-SECOND DAY OF JULY, A.D. 1999, AT 9
O'CLOCK A.M.

Harriet Smith Windsor, Secretary of State
AUTHENTICATION: 3900384

2112549

050426506 DATE : ;05—24~05
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AMENDED AND RESTATED
CERTIFICATE OF INCORPORATION -
GBNENTEC}L INC.

Genentech, Inc. (the “Corporation”), a corporation organized and existing
under and by virtue of the General Corporation Law of the State of Delaware,

.does hereby amend the Certificate of Incorporation of the Cotporation, which was
~originally filed on December 23, 1986 under the name “Genentech Delaware,

Inc.”, and subsequently amended,

' The Certificate of Incorporation of the Corporation is hereby restated and
further amended to read in its entirety as follows:

ARTICLE 1

The name of the Corporation is: Genentech, Ing.
ARTICLE 2
The address of the registered office of the Corporation in the State of
Delaware is Corporation Service Company, 1013 Centre Road, City of
Wilmington, County of New Castle, Delaware 19805, The pame of its registered

agent at such address {s Corporation Service Company.

ARTICLE3

for which corporalions may be organized under the General Corporation .Law of
the State of Delaware as the same exists or may hereafter be amended (“Delaware

Law”),

STATE OF DELAWARE
SECRETARY OF STATE
DIVISION OF CORPORATI ONS

FILED 09:00 AM 07,/22/1999

991302331 - 2112549




'ARTICLE 4

SECTION 4.01. Capital Stock. (a) The Corporation is authorized to igsue
two classes of slock o be designated, respectively, preferred stock and common
stock. The total number of shares which the Corporation is authorized to issue is
four hundred million (400,000,000) shares. One hundred million (100,000,000)
shares shall be designated preferred stock, par value $0.02 per share (“Preferred
Stock™). Three hundred million (300,000,000) shares shall be designated
common stock, par value $0.02 per share (“Common Stock™ The Common
Stock of the Corporation shall be al] of one class.

(b) The number of authorized shares of any class or classes of stock may
be increased or decreased (but not below the number of shares théreof then
outstanding) by the affirmative vate of a majority in voting power of the
outstanding stock of the Corporation erititled ta vote thereon irrespective of the
provisions of Sect(on 242(b)(2) of Delaware Law.

SECTION 4.02. Common Stock. (a) Issuance and Consideration. Any
unissued or treasury shares of the Common Stock may be issued for such
consideration as may be fixed in accordance with applicable law from time to
tme by the Board of Directors,

(b)  Dividends. Subject to the rights of holders of the Preferred Stock,
the holders of the Common Stock shall be entitled to receive, when and as
declared by the Board of Directors, out of the agsets of the Corporation which are
by law available therefor, dividends payable either in cash, in property, or in
shares of stock and the holders of the Prefesred Stock shall not be entitled to
participate in any such dividends (unless otherwise provided by the Board of
Directors in any resolution providing for the 1ssue of a series of Preferred Stock).

SECTION 4.03. Preferred Sroct.
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the shares of such series (so far as not inconsistent with the provisions of this
Article 4 applicable to all series of Preferred Stock), including, but not Jimited to,
the following:

(1) the distinctive designation of such series and the number of
shares which shall constitute such scries, which niumber may be increased
(except where otherwise provided by the Board of Directors in creating
such series) or decreased (but not below the number of shares thereof then
outstanding) from time to time by like action of the Board of Ditectors;

(i) the annual rate of dividends payable on shares of such series,
the conditions upon which such di vidends shall be payable and the date
from which dividends shall be cumulative in the event the Board of
Directors determines that dividends shall be cumulative;

(iif)  whether such series shall have voting rights, in addition to the
voting rights provided by law and, if so, the terms of such voting rights;

(tv)  whether such series shall have conversion privileges and, if
$0, the terms and conditions of such conversion, including, but not limited
to, provision for adjustment of the conversian rate upon such events and in
such manuer as the Board of Directors shail detenmine; -

(v)  whether or not the shares of such series shall be redeemable
and, if so, the terms and conditions of such redemption, including the dae
or dates upon or after whicly they shall be tedeemable, and the amount per
share payable in case of redemption, which amount may vary under
different conditions and at different redemption dates;

(vi) whether such series shall have a sinking fund for the
redemption or purchase of shares of that series and, if 5o, the terms and
amount of such sinking fund;

(vii) the rights of the shares of such series in the event of
- voluntary or involuntary liquidation, dissolution or winding up of the

Corporation, and the relative Tights of priority, if any, of payment of shares
of that series; and

' (vii))  any other relative rights, preferences and limitations of such
series,




ARTICLL 5

SECTION 5.01. Amendment of Bylaws by Direciors. (a) In furtherance and
nolin limitation of the powers conferred by statute, the Board of Directors is
expressly authorized to make, alter, amend, repeal and rescind the bylaws of the
Corporation, subject 1o Sections 5.01(b) and 5.01(c) hereof,

(b) Sections 2.02, 3.02, 3.03(a), 3.03(b), 3.04, 3.08, 3.14, and 5.06 of the
bylaws may only be altered, amended, repealed, or rescinded by the affirmative

vote of holders of capital stock entitled to vote thereon representing more than
60% of the shares entitled 1o be voted thereon.

(€)  Sections 3.03(c) and 3.15 of the bylaws may only be altered,
amended, repealed, or rescinded by the effirmative vote of holdets of capital stock
entitled to vote thereon, representing more than 90% of the shares entitled to be
voted thereon. ' '

SECTION 5.02. Anmtendment of Certificate of Incorporation. Section
5.01(b) of this Certificate of Incorporation may only be altercd, amended,
tepealed, or rescinded by the affirmative vote of holders of capital stock entitled
to vote therzon representing more than 60% of the shares entitled to be voted
thereon. Section 5.01(c) and Articles § and 9 of this Certificate of Incorporation
may only be altered, amended, repealed, or rescinded by the affirmative vote of

holders of capital stock entitled 1o vote thereon representing more than 90% of the
shares entitled to be voted thereon.

ARTICLEG

SECTION 6.01. Election of Direciors by Holders of Preferred Stock,

. During any period when the holders of any Preferred Stock or any one or maore

series thereof, voting as a class, shall be entitled to elect a specified number of
directors, by reason of dividend arearages or other provisions giving them the

number of directors, and the holders of such Preferred Stock or such series
thereof, voting as a class, shall be entitled to elect the additional directors go
provided for, pursuant to the provisions of such Preferred Stock or series; @) cach

)

e




divested of such rights to elect a specified numbor of directors, voling 4s a class,
pursuant to the provisions of such Prefemed Stock or scries, the terms Qf: office of
all dircctors elected by the holders of such Preferred Stock or series, voting as a
class pursuant to such provisions or elected 1o fill any vacancies resulting from the
death, resignation or removal of directors so elected by the holders of such
Preferred Stock or series, shall forthwith terminate and the authorized number of
directors shal! be reduced accordingly.

SECTION 6.02. Ballots. Elections of directors at an annual or special
meeting of stockholders need not be by written ballot unless ihe bylaws of the
Corporation shall provide otherwise. '

SECTION 6.03. Elimination of Certain Personal Liability quirecmr;». (a)
A director of the Corporation shall not be liable to the Corporation or its

stockholders for monetary damages for breach of iduciary duty as a director to
the fullest extent permilied by Delaware Law,

(b} Each person (and the heirs, executors or administrators of such

person) who was or is a party or is threatened to be made a party to, or is involved

in any threatened, pending or completed action, suit or proceeding, whether civil,
criminal, administrative or investigative, by reason of the fact fhat such pergon is
or was 4 director of the Corporation or js or was serving at the request of the
Corporation as a director of another corporation, partnership, joint venture, trust
or other enterprise, shall be indemnified and held harmless by the Corporation to
the fuliest extent permitted by Delaware Law. The right to indemnification
conferred in this Section 6.03 shall also include the right to be paid by the
Corporation the expenses incurred i connection with any such proceeding in
advance of its final disposition to the fuljest extent authorized by Delaware Law,

The right (0 indemnification conferred in this Section 6.03 shall be a contract
right.

(¢) The Corporation may, by action of its Board of Directors, provide
indemnification to such of the officers, employees and agents of the Corporation
10 such extent and to such effect ag the Board of Directors shail determine to be
appropriate and authorized by Delaware Law. '

a director, officer, employee or agent of another corporation, pattnership, joint
venture, 1rust or othey enterprise against any expense, liability or loss incurred by
such persun in any such capacity or arising out of his status as such, whether or




not the Corporation would have the power to indemnify him against such liability
under Delaware Law.

(2) Therights and authority conferred in this Section 6.03 shall not be

cxclusive of any other right which any person may otherwise have ot hereafier
acquare.

() Neither the alteration, amendment, repeal or recission of this Section
6.03, nor the adoption of any provision of this Certificate of Incorporation or the
bylaws of the Corporation, nor, to the fullest extent permitted by Delaware Law,
any modification of law, shall eliminate or reduce the effect of this Section 6.03 in
respect of any acts or omissions occurring prior to such alteration, amendment,
repeal, recission, adoption oy modification.

ARTICLE 7

SECTION 7.01. Section 203 of Delaware Law. The Corporation hereby
elects not to be governed by Section 203 of Delaware Law.

ARTICLE 8

SecTion 8,01, Relationship With Rocke. In anticipation that the '
Corporation will cease to be a wholly owned subsidiary of Roche Holdings, Inc.,
- but that Roche (as defined in Section 8.05) will remain a stockholder of the
orporation, and in anticipation that the Corporation (as defined in Section 8.05)
and Roche may engage in the same or similar activities or lines of business and

particular situation, the provisions of this Article 8 are set forth to regulate, define
and guide the conduct of certain affairs of the Corporation as they may involve
Roche and jts officers and dircetors, and the powers, rights, duties and liabilities

87 b A\ "(\‘
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of the Corporation and its officers, directors and stockholders in connection therewith,

StcTion 8.02. Similar Business Activities. Fxcept as Roche Holdings,
Inc. may otherwise agree in wri ting, :

(8) Roche shall not have a duty to refrain from engaging directly or
indirectly in the same or similar business activitics or lines of business as the
Corporation, and

(b) ueither Roche nor any officer or director thereof shall be liable to the
Corporation or its stockholders For breach of any fiduciary duty by reason of any
such activities of Roche or of such person's participation therein,

In the event that Rochie acquires knowledge of a potential transaction or
maticr that may be a corporate opportunity for both Roche and the Corporation,
Roche shall have no duty to communicate or offer such corporate opportunity to
the Corporation and shall not be liable 1o the Corporation or its stockholders for
breach of any fiduciary duty as a stockholder of the Corporation or controlling
person of a stockholder by reason of the fact that Roche pursues or acquires such
Corporate opportunity for itself, directs such corporate opportunity to another
person or entity, or does not communicate information regarding, or offer, such
corporate opportunity to the Corporation.

SECTION 8.03. Corporate Opportunities. In the event that a director,
officer or employee of the Corporation who i3 also a director, officer or employee
of Rocbe acquires knowledge of a potential transaction or matter that may be a
corporate opportunity for the Corporation and Roche (whether such potential
fransaction or matter is proposed by a third-parry or is conceived of by such
director, otticer or employee of the Corporation), such director, officer or
employee shall be éntitled to offer such corporate opportunity to the Corporation
or Roche as such director, officer or employee deems appropriate under the
circumstances in his sole discretion, and no such director, officer or employee
shall be liable to the Corporation or its stockholders for breach of any fiduciary
duty or duty of loyalty or failure (o act ig (or not opposed to) the best interests of
the Corporation or the derivation of any improper personal benefit by reason of
the fact that (i) such director, officer or employee offered such corporate

opportunity to another person or docs not communicate information regarding
such corporate opportunity to the Corporation,
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SECTION 8.04. Deemed Consent of Stockholders. Any person or entity
purchasing or otherwise acquiring any interest in any shares of capital stock of the
Corporation shall be deemed to have notice of and Lo have consented to the
provisions of this Article 8.

SECTION 8.05. Definltions. For purposes of this Article 8 and Article 9
only, (i) the term “Corporation” shall mean the Corporation and all corporations,
parinerships, joint ventures, associations and other entities in which the
Corporation beneficially owns (directly or indirectly) fifty percent or more of the
outstanding voting stock, voting power or similar voting interests, and (ii) the
term “Roche” shall mean Roche Holdings, Inc. and all coTporations, partuerships,
Joint ventures, associations and other entities (other than the Corporation, defined
in accordance with elausc (I) of this Section 8.05) that are “affilintes” (as defined

in Rule 12b-2 under the Securitics Exchange Act of 1934, as amended) of Rocho
Holdings, Ine.

Stock representing at least 5% of the number of outstanding shares of Common
Stock of the Corporation and no person who is a director or officer of the
Corporation is also a director or officer of Roche. Neither such expiration, nor the
alieration, amendment, change or repeal of any provision of this Artticle 8 nor the
adoption of any provision of this Amended and Restated Certificate of
Incorporation inconsistent with any provision of this Article 8 shall eliminate or
reduce the effoot of this Article & in respect of any matter oceurring, or any cause
of action, suit or claim that, but for this Article 8, would acerue or arise, prior to
such expiration, alteration, amendment, repeal or adoption. )

SECTION 8.07, Arvicle 9. The provisions of this Article 8 are in addition to
the provisions of Article 9.

ARTICLE9
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meeting of the Board of Directors or committee thereof which authorizes the
contract, agreement, arrangement, transaction, amcndment, modification or -
lermination or solely beeause his or their votes are counted for such purpose, but
any such contract, agresment, arrangement or transaction (or any amendment,
modification or termination thereof) shall be govemed by the provisions of this
Amended and Restated Certificate of Incorporation, the Corporation’s Bylaws,
Delaware Law and other applicable law. For purposes of this Article 9, the terms

the “Corporation” and “Roche" have the meanings set forth in Section 8.05.

SECTION 9.02. Quorum. Directors of the Corporation who are also
dircctors or offlcers of Roche may be counted in determining the presence of a
quorum at & meeting of the Board of Directors or of a comumnittee that authorizes
Or approves any such contract, agreement, airangement or transaction (or
amendment, modification or termination thereof). Outstanding shares of Common
Stock owned by Roche may be counted in determining the presence of a quorum
at a meeting of stockholders that authorizes or approves any such contract,

8greement, arrangement or transaction (or amendment, modification or
termination thereof).

. SECTION 9.03. No Liability For Good Faith Actions, Neither Roche nor
any officer or director thereof shall be liable to the Corporation or its stockholders
for breach of any fiduciary duty or duty of loyalty or failure to act in (or not
opposed (0) (he best interests of the Corporation or the derivation of any improper
personal bepefit by reason of the fact that Roche or an officer of director thereof
in good faith takes any action or exercises any rights or gives or withholds any
consent in conncetion with any égreement or contract between Roche and the
Corporation. No vote cast or other action taken by any person who is an officer,
director or other representative of Roche, which vote is cast or action is taken by
such person’in his capacity as a director of this Corporation, shall constitute an

action of or the exercise of a right by or a consent of Roche for the purpose of any
such agreement or contract. ‘

SECTION 9.04. Deemed Consent by Stockholders. Any person or entity
purchasing or otherwise dequiring any iuterest in any shares of capital stock of the

SECTION 9.05. Contracts Covered. For purposes of this Article 9, any
contract, agresment, arrangement or transaction with the Corporation or any
corporation, pattnership, joint venture, association or other entity. in which the
Corporation beneficially owns (directly or indireetly) fifty percent or more of the
outstanding voting stock, voting power or similar voling interests shall be deemed
to be a contract, agreement, arrangement or transaction with the Corporation.




SECTION 9.06. Binding £ffect. Neither the alteration, amendment, change
or repeal of any provision of this Article 9 nor the adoption of any provision
inconsistent with any provision of this Article 9 shall eliminate or reduce the
effect of this Auticle 9 in respect of any malter occwring, or any cause of action,
suit or claim that, but for this Article 9, would 8CCTUR OT arjse, prior to such
alteration, amendment, change, repeal or adoption,

SECTION 9.07. Article 8, The provisions of this Article 9 arc in addition to
the provisions of Article 8.

10
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preferenciales, por un valor de $0.02 por accion (“Accién Preferencial”).
Trecientos millones (300,000,000) de acciones seran designadas acciones
comunes, por un valor de $0.02 por accion (“Accién Comiin”). La accién comin

de la Corporacion sera toda de una misma clase.

(b) El nimero de acciones autorizadas de cualquier clase o clases de

acciones puede incrementarse o disminuirse (pero no por debajo del numero del

numero de acciones de las mismas que en su momento estan vigentes) por el voto
afirmativo de una mayoria con poder de votaciéon de las acciones vigentes de la
Corporacién con derecho a votar por la misma independiente de las
consideraciones de la Seccion 242(b)(2) de Ia Ley de Delaware.

SECCION 4.02. Accién Comun. (a) Emisién y Consideracién. Cualquier
accion sin emitir o del tesoro del las Acciones Comunes puede emitirse para tal

consideracion como pueda fijarse de acuerdo con la ley aplicable cada cierto
tiempo por la Junta Directiva.

(b) Dividendos. Sujeto a los derechos de los accionistas de las Acciones
Preferenciales, los accionistas de Acciones Comunes deberan tener el derecho a
recibir, cuando y como se declare por la Junta Directiva, de los activos de la
Corporacion los cuales estan disponibles para ello por ley, dividendos pagables ya

sea en dinero, propiedad 0 acciones y los accionistas de la Accién Preferencial no

serie de Acciones Preferencuales)

SECCION 4.03. Accién Preferencial

tiempo en una o mas series para tal consideracién como pueda ser fijada cada
cierto tiempo por la Junta Directiva. Antes de que se emita cualquier accién de las
Acciones Preferenciales de cualquier serie particular, se debera presentar un
certificado ante el Secretario de Estado de Delaware estableciendo las
designaciones, derechos, privilegios, restricciones, y condiciones que iran anexas
a las Acciones Preferenciales de tal serie y tales otras cuestiones como puedan
requerirse, y la Junta Directiva debera fijar y determinar, y por la presente esta

expresamente autorizada para fijar y determinar, en la forma prdvista por la ley, los

v
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CORREGIDO Y VUELTO A REDACTAR
CERTIFICADO DE INCORPORACION
GENENTECH, INC.

Genentech, Inc (la “Corporacién”), una corporacion organizada y existente
bajo y por virtud de la Ley General de Corporacion del Estado de Delaware, por la
presente corrige el Certificado de Incorporacién, el fue presentado originalmente el
23 de diciembre de 1986, bajo el nombre “Genentech Delaware, Inc.”, y corregido
subsiguientemente.

Por la presente se vuelve a redactar el certificado de incorporacion de la

Corporacién y se corrige aun mas para que diga en su totalidad lo que sigue:
ARTICULO 1

El nombre de la Corporacién es: Genentech, Inc.
ARTICULO 2

La direccion de la oficina registrada de la Corporacion en el Estado de
Delaware es Corporation Service Company, 1013 Centre Road, Ciudad de
Wilmington, Condado de New castle, Delaware 19805. E| nombre de su agente

registrado en tal direccion es Corporation Service Company.
ARTICULO 3
El propdsito de a Corporacién es el de participar en cualquier acto o

actividad legal para las cuales las corporaciones pueden ser orgamzadas
Ley General de Corporamon del Estado de Delaware como existe
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emitir dos clases de acciones que deben designarse, respect
preferenciales y acciones comunes. E| nimero total de acciones que la
Corporacion esta autorizada a emitir es de cuatrocientos millones (400,000,000)

de acciones. Cien millones (100,000,000) de acciones seran designadas acciones



particulares de las acciones de tal serie (siempre y cuando no sean inconsistentes 0NJ
con las condiciones de este Articulo 4 aplicables a todas las series de Acciones

Preferenciales), incluyendo, pero sin limitarse a, las siguientes:

() la designacion distintiva de tal serie y el nimero de las
acciones que han de constituir tal serie, numero que puede incrementarse
(excepto cuando lo determine de otro modo la Junta Directiva al crear tal
serie) o reducida (pero no por debajo del nimero de acciones de las
mismas que estan vigentes) cada cierto tiempo por una accion semejante
de la Junta Directiva;

(i) la tasa anual de dividendos a pagar sobre las acciones de tal
serie, las condiciones sobre las cuales se pagaran tales dividendos y le
fecha a partir de la cual los dividendos seran acumulativos en el evento que

la Junta Directiva determine que los dividendos seran acumulativos;

(i) si la serie tendra o no derechos de voto, ademas de los

derechos de voto provistos por la ley, y de ser asi, Ios téerminos de tales
derechos de voto;

(iv)  sital serie tendra o no privilegios de conversion y, de ser asi,
los términos y condiciones de tal conversion, incluyendo, pero sin estar
limitado a, la condicion para ajuste de la tasa de conversion en tales
eventos y de tal forma como la Junta Directiva lo determine:

(v)  silas acciones de tal serie seran o no redimibles y, de ser asi,

los términos y condiciones de tal redencién, incluyendo la fecha o fechas en

.,
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las cuales o despues de las cuales pueden ser redimibles, y la cantl 267
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de tal fondo de i inversion;

(vi) los derechos de las acciones de tal serien caso de una

liquidacion, disolucion o cierre voluntaria o involuntaria de la Corporacién, y
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los derechos relativos de prioridad, de haber, de pago de acciones de esa
serie; y

(viii) cualquier otro derecho relativo, preferencia y limitacion de tal

serie.
ARTICULC 5

SECCION 5.01. Enmiendas a los estatutos por los Directores. (a) En
adicion y no limitando los poderes conferidos por estatutos, la Junta Directiva esta -
expresamente autorizada para hacer, alterar, enmendar, rechazar y rescindir los

estatutos de la Corporacion, sujetos a las secciones 5.01(b) y 5.01(c) a
continuacion.

(b) Las secciones 2.02, 3.02, 3.03(a), 3.04, 3.05, 3.14 y 5.06 de los
estatutos solo pueden alterarse, enmendarse, repelerse, o rescindirse por el voto
afirmativo de los accionistas de capital con derecho a votar las mismas que

representen mas del 60% de las acciones con derecho a votar las mismas.

(c) Las secciones 3.03(c) y 3.15 de los estatutos solo pueden ser alteradas,
enmendadas, repelidas, o rescindidas por le voto afirmativo de los accionistas de

capital con derecho a votar las mismas que representen mas del 90% de las

acciones con derecho a votar las mismas.
Q

SECCION 5.02. Enmienda del Certificado de Incorporacién. La seccion
5.01 (b) de este Certificado de Incorporacion solo puede ser alterada, enmendada,
repelida, o rescindida por el voto afirmativo de los accionistas de capital con
derecho a voto sobre la misma que representen a mas del 60% de las acciones
con derecho a votar [a misma. La seccion 5. 01(c) y los Articulos 8 y 9 de este
Certificado de Incorporacion solo pueden alterarse, enmendarse, repelerse, o

rescindirse por el voto afirmativo de los accionistas de cap:tal con derecho‘.f‘\""‘
misma.
ARTICULO 6

SECCION 6.01. Eleccién del Directorio por los Acodd

Preferencial. Durante cualquier periodo cuando los accionistae




accién preferencial cualquiera de una o mas series de las mismas, que voten
como una clase, tengan derecho a elegir un nimero especifico de directores, por
razon a atrasos en los dividendos u otras condiciones que les dan el derecho a
hacerlo, entonces y durante el tiempo que continte el derecho (i) el nimero de
directores autorizado de otro modo sera incrementado por tal nimero de directores
especificado, y los accionistas de tales Acciones Preferenciales o tales series de
las mismas, que votan como una clase, tendran derecho a elegir los directores
adicionales para lo que se provee, de acuerdo con las condiciones de tales
Acciones Preferenciales o series; (i) cada uno de tales directores adicionales
servira durante tal termino, y tendra tales poderes de voto, como se han de otorgar
en las provisiones pertinentes a tales Acciones Preferenciales o series; y (iii)
siempre que los accionistas de cualquiera de tales Acciones Preferenciales o
series de las mismas estan desprovistos de tales derechos a elegir un ndmero
especifico de directores, votando como clase, de acuerdo con las condiciones de
tales Acciones preferenciales o series, los términos de oficio de todos los
directores elegidos por los accionistas de tales Acciones preferenciales o series,
que votan como Clase, de acuerdo con las condiciones o elegidos para llenar
cualquier vacante resultante de la muerte, renuncia o remocién de directores asi
elegidos por los accionistas de tales Acciones Preferenciales o series, terminaran

en adelante y el nimero autorizado de directores sera reducido en concordancia.

SECCION 6.02. Votaciones. Las elecciones de directores en una reunion
anual o especial de accionistas necesaria no seran por votos escritos a menos que

los estatutos de la Corporacién digan lo contrario.

directores. (a) Un director de Ia Corporacuon no sera responsable a a
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involucrado en cualquier accion, demanda o proceso amenazado, penente o}
completado, ya sea civil, criminal, administrativo o investigativo, por razén del
hecho de que esa persona es o fue un director de la Corporamon 0 es o estaba
sirviendo por solicitud de la Corporacién como un director de otra corporamon
sociedad, sociedad de riesgo compartido, fideicomiso u otra empresa, sera

indemnizado y completamente protegido por la Corporaciéon hasta donde lo
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" permita la Ley de Delaware. EI derecho a la indemnizacion concedido en esta
seccion 6.03 también debe incluir el derecho a que la Corporacion le pague los
gastos incurridos en conexion cuna cualquiera de tales procesos por adelantado
de su decision final hasta donde los autoriza la Ley de Delaware. El derecho a

indemnizacioén conferido en esta seccién 6.03 sera un derecho contractual.

(c) La Corporacion puede, por accién de su Junta Directiva, proporcionar
indemnizacion a tales funcionarios, empleados y agentes de la Corporacién hasta
tal puhto y a tal efecto como lo determine apropiado la Junta Directiva y lo autorice
la Ley de Delaware.

(d) La Corporacion tendra el poder de comprar y mantener un seguro a
nombre de cualquier persona quien es o fue director, funcionario, empleado o
agente de la corporacién, o esta o estuvo en servicio por pedido de la Corporacion
como director, funcionario, empleado o agente de otra corporacion, sociedad,
sociedad de riesgo corﬁpartido, fideicomiso u otra empresa contra cualquier gasto,
responsabilidad o pérdida incurrida por tal persona en cualquier capacidad o que
surge de su estado como tal, ya sea si la Corporacién tiene o no el poder de
indemnizarlo contra tal responsabilidad bajo la ley de Delaware.

(e) Los derechos y autoridad conferidos en esta Seccién 6.03 no seran

exclusivos de ningln otro derecho el cual cualquier otra persona pueda tener o
adquirir de aqui en adelante.

(f) Ni la alteracion, enmienda, rechazo o rescision de esta Seccion 6.03, ni
la adopcion de ninguna condicion de este Certificado de Incorporacion o de los
Estatutos de la Corporacion, ni, hasta donde lo permite la Ley de Delaware,
ninguna modificacién de la ley, debe eliminar o reducir el efecto de esta Seccion
6.03 respecto a ninguno de los actos u omisiones que ocurran antes de tal
alteracion, enmienda, rechazo, rescision, adopcion o modificacion.

ARTICULO 7
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ARTICULO 8
'

SECCION 8.01. Relacién con Roche. Anticipandose a que la Corporacion
cese de ser un subsidiaria completamente de propiedad de Roche Holdings, Inc
pero que Roche (como se define en la secciéon 8.05) permanezca siendo un
accionista de la Corporacion, y anticipandose a que la Corporacidén (como se
define en la Seccién 8.05) y Roche puede entrar en actividades o lineas de
negocios semejantes o similares y tener un interés en las mismas areas de
opoﬁunidades corporativas, y en reconocimiento de (i) los beneficios a ser
derivados por la Corporacién a través de sus relaCiQnes contractuales,
corporativas y de negocios con Roche (incluyendo el servicio de funcionarios y
directores de Roche como directores de Ia Corporacioén) y (ii) las dificultades
concomitantes a cualquier director, quien desea y se propone satisfacer
completamente tales deberes fiduciarios del director, al determinar el alcance
completo de tales deberes en cualquier situacion particular, las condiciones de
este articulos 8 se establecen para regular, definir y guiar la conducta de ciertas
cuestiones de la Corporacion ya que pueden involucrar a Roche y sus funcionaros
y directores, y los poderes, derechos, deberes y responsabilidades de la

Corporacion y sus funcionarios, directores y accionistas en conexioén con éste.

SECCION 8.02. Actividades en Negocios Similares. Excepto que Roche

Holdings, Inc. pueda de otra forma acordarlo por escrito,

(@) Roche no tendra el deber de abstenerse de entrar directamente o
indirectamente en actividades de negocios o lineas de negocios semejantes o
similares a las de la Corporacién, y

(b) ni Roche ni ninguno de sus funcionarios o director de la misma sera
responsable a la Corporacion o sus accionistas por violar cualquier deber fiduciario

por razén de alguna de tales actividades de Roche o de la participacioén de tal
persona en las mismas.

En el evento que Roche adquiera conocimientos de una transaccion o

materia potencial que pueda ser una oportunidad corporativa tanto para Roche
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' que'Roche prosigue o adquiere tal oportunidad corporativa para si misma, dirige

tal oportunidad corporativa a otra persona o entidad, o no comunica informacién

respecto, u ofrece, tal oportunidad corporativa a la Corporacion.

SECCION 8.03. Oportunidades Corporativas. En el evento que un director,
funcionario o empleado de la Corporacion quien también es director, funcionario o
empleado de Roche adquiera conocimiento de una transaccion o materia potencial
que pueda ser una oportunidad corporativa para la Corporacién y Roche (ya se si
esta transaccion o materia potencial es propuesta por un tercero ¢ es concebida
por tal director, funcionario o empleado de la Corporacion o no), tal director,
funcionario o empleado debe tener el derecho a ofrecer tal oportunidad corporativa
a la Corporacion o Roche como tal director, funcionario o empleado los considere
apropiado bajo las circunstancias de su discrecién, y tal director, funcionario o
empleado no sera responsable a la Corporacion o sus accionistas por violar
ningun deber fiduciario o deber de lealtad o faltar en actuar en (o no oponerse a)
los mejores intereses de la Corporacién o la derivacion de ningan beneficio
personal inapropiado por razén del hecho que (i) tal director, funcionario o
empleado ofrecid tal oportunidad corporativa a Roche (en lugar de a la
Corporacion) o no comunicé informacion respecto a tal oportunidad corporativa a
la Corporacion o (i) Roche busca o adquiere tal oportunidad corporativa para si
misma o dirige tal oportunidad corporativa a otra persona o0 no comunica

informacion respecto a tal oportunidad corporativa a la Corporacion.

SECCION 8.04. Consentimiento estimado de los accionistas. Se
considerara que cualquier persona o entidad que compre o de otro modo adquiera
algun interés en cualquiera de las acciones de capital de la Corporacion ha tenido
noticia o ha estado de acuerdo con las condiciones de este Articulo 8.

SECCION 8.05, Definiciones. Para propositos de este Articulo 8 y el
Articulo 9 solamente, (i) el término “Corporacién” debe significar la Corporacion y
todas las corporaciones, sociedades, sociedades de riesgo compartido y otras
entidades en las cuales Ia Corporacion posee con beneficio (directa o
indirectamente) cincuenta por ciento o mas de las acciones con voto, poder de
voto o intereses de voto similares, y (i) el término “Roche” debe significar Roche

Holdings, Inc y todas las corporaciones, sociedades, sociedades de riesgo

e




" define en la Regla 12b-2 bajo el Acta de Intercambio de Valores de 1934, como
se enmendo) de Roche Holdings, Inc.

SECCION 8.06, Finalizacién: Efecto Obligante. Son consideracion con
nada en este Certificado de Incorporacion que lo contradiga, las condiciones
anteriores de este Articulo 8 deberan expirar en la fecha que Roche cese de
poseer con beneficios Acciones Comunes que representen al menos 5% del
ndmero de acciones vigentes de las Acciones Comunes de la Corporacioén y nadie
qué se director o funcionario de la Corporacién sea también director o funcionario
de Roche. Ni tal vencimiento, ni la alteracion, enmienda, cambio o rechazo de
alguna de las condiciones de este Articulo 8 asi como tampoco ninguna condicién
de este Certificado de Incorporacién Enmendado y Vuelto a Redactar
inconsistente con alguna de las condiciones de este Articulo 8 eliminara o reducira
el efecto de este Articulo 8 respecto a cualquier materia, o cualquier causa de

accion, demanda o reclamo que, excepto por este Articulo 8, pueda acaecer o

surgir, antes de tal vencimiento, alteraciéon, enmienda o adopcion.

SECCION 8.07. Articulo 9. Las condiciones de este Articulo son
adicionales a las condiciones del Articulo 9.

ARTICULO 9

SECCION 9.01. Contratos no nulos. Ningun contrato, acuerdo, arreglo o
transaccion (o' cualquier enmienda, modificacién o finalizacion de los mismos)
entre la Corporacion y Roche sera nulo u anulable solamente por razén de que
Roche es parte del mismo, o solamente porque cualquiera de los directores o
funcionarios de la Corporacion quienes estan afiliados a Roche estan presentes en
O participan en la reunién de la Junta Directiva o comité de |a misma que autoriza
el contrato, acuerdo, arreglo, transaccion, enmienda, modificacion o finalizacién o
solamente porque su o sus votos se cuentan para tal propésito, pero cualquiera de
tal contrato, acuerdo, arreglo o transaccion ( 0 cualquier enmienda, modificacién o
finalizacién del mismo) estara gobernado por las condiciones de este Cerificado de
Incorporacién Enmendado y vuelto a Redactar, los Estatutos de la Corporacion, la

Ley de Delaware y otras leyes aplicables. Para propésitos de este Articulo 9, los

términos “Corporacién” y “Roche’ tienen los significados establecidos en e S

Seccion 8.05.
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. SECCION 9.02. Quérum.  Los Directores de la Corporacién que son j\d\

tambien directores o funcionarios de Roche pueden contarse al determinar la
presencia de un quérum en una reunién de la Junta Directiva o de un comité que
autoriza o aprueba cualquiera de tal contrato, acuerdo, arreglo o transaccion (o
cualquier enmienda, modificacion o finalizacion del mismo). Las acciones vigéntes
de las Acciones Comunes de propiedad de Roche pueden contarse al determinar
la presencia de un quérum en una reunion de accionistas que autorice o apruebe

tal contrato, acuerdo, arreglo o transaccion (o cualquier enmienda, modificacién o
finalizacién del mismo).

SECCION 9.03. No responsabilidad por acciones de buena fe. Ni Roche ni
ningun funcionario o director de la misma sera responsable ante la Corporacién o
sus accionistas por violar cualquiera de los deberes fiduciarios o deberes de
lealtad o por fallar en actuar en (o no oponerse a) los mejores intereses de la
Corporacién o por derivacion de cualquier beneficio personal por razén del hecho
que Roche o un funcionario o director de la misma de buena fe tome cualquier
accion o ejerza cualquier derecho o de o retenga cualquier consentimiento en
conexion con cualquier acuerdo o contrato entre Roche y la Corporacién. Ningun
voto dado u otra accién tomada por cualquier persona que es un funcionario,
director o representante de Roche, donde el voto o accién es tomado por tal
persona en su capacidad como director de esta Corporacioén, constituira una
accion de o el ejercicio de un derecho o un consentimiento de Roche para los
propositos de cualquiera de tal acuerdo o contrato.

SECCION 9.04.  Consentimiento estimado de los accionistas.  Se
considerara que cualquier persona o entidad que compre o de otro modo adquiera
algun interés en cualquiera de las acciones de capital de la Corporacion ha tenido

noticia o ha estado de acuerdo con las condiciones de este Articulo 9.

SECCION 9.05. Contratos cubiertos. Para propositos de este Articulo 9,
cualquier contrato, acuerdo, arreglo o transaccién con |a Corporacion o cualquier
corporacion, sociedad, sociedad de riesgo conjunto, asociacién u otra entidad en

la cual la Corporacién posee con beneficio (directa o indirectamente) el cincuenta

por ciento o mas de las acciones con voto, poderes de voto o intereses de vot L)

Corporacion.




SECCION 9.06. Efecto obligante. Ni la alteracion, enmienda, cambio o
rechazo de alguna de las condiciones de este Articulo 9 nj la adopciéon de alguna
condicién inconsistente con cualquier condicién de este Articulo 9 eliminara o
reducira el efecto de este Articulo 9 respecto a cualquier materia que ocurra, o
cualquier causa de accién, demanda o reclamo que, a no ser por este Articulo 9,

pueda acaecer o surgir, antes de tal alteracién, enmienda, cambio, rechazo o
adopcion.

SECCION 9.07. Articulo 8. Las condiciones de este Articulo 9 son
adicionales a las condiciones del Articulo 8.

EN TESTIMONIO DE LO CUAL, este Certificado de Incorporacion
Enmendado y vuelto a Redactar, el cual ha sido adoptado de acuerdo con las
secciones 242 y 245 de la Ley General de Corporacion del Estado de Delaware y
por consentimiento escrito de el Unico accionista de Ia Corporacion de acuerdo
con la seccién 228 de Ley General de Corporacién del Estado de Delaware, ha
sido ejecutado este 22 de Julio de 1999.

GENENTECH, INC.

Por: /s/ Stephen G. Juelsgaard
Nombre: Stephen G. Juelsgaard
Titulo: Vicepresidente

Consejo General y Secretaria
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postille

(Convention de La Haye du 5 Octobre 1961)

Country: United States of America
This public document:
has been signed by Harriet Smith Windsor

acting in the capacity of Secretary of State of Delaware

bears the seal/stamp of Office of Secretary of State

Uertified

at Dover, Delaware
the twenty-fourth day of May, A.D. 2005

by Secretary of State, Delaware Department of State

No. 0254031

Seal/Stamp: 10. Signature:

Hernnt ;éfrw,,a Woroaor

Secretary of State
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PAGE 1

I, HARRIET SMITH WINDSOR, SECRETARY OF STATE OF THE STATE OF
DELAWARE, DO HEREBY CERTIFY THE ATTACHED IS A TRUE AND CORRECT

COPY OF THE CERTIFICATE OF AMENDMENT OF "GENENTECH, INC.", FILED

IN THIS OFFICE ON THE FIFTEENTH DAY OF MAY, A.D. 2000, AT 5
O'CLOCK P.M.

Harriet Smith Windsor, Secretary of State
AUTHENTICATION: 3900385

2112549

050426506
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SRR CERTIFICATE OF AMENDMENT

STATE OF DELAWARE
! SECRETARY OF STATE

DIVISION OF CORPORATIONS
FILED 05:00 PM 05/15/2000

001245251 ~ 2112549

OF AMENDED AND RESTATED
CERTIFICATE OF INCORPORATION

Genentech, Inc. a corporation organized and existing under and by virtue of the General
Corporation Law of the Statc of Dclawarc.

DOES HEREBY CERTIFY:

FIRST: That at a meeting of the Board of Directors of Genentech, Inc. resolutions were duly
adopted setting forth a proposed amendment of the Amended and Restated Certificate of
Incorporation of said corporation, declaring said amendment to be advisable and calling a
meeting of the stockholders of said corporation. for consideration thereof. The resolution setting
forth the proposed amendment is as follows:

RESOLVED, that the Amended and Restated Certificate of Incorporation of this corporation be
amended by changing “Section 4.01 (a)” of the Article thereof numbered *4” so that, as amended,
said Section of said Article shall be and read as follows:

“Section 4.01. Capital Stock. (a) The Corporation is authorized to issue
two classes of stock to be designated, respectively, preferred stock and common
stock. The total number of shares which the Corporation is authorized to issue is
seven hundred million (700,000,000) shares. One hundred million (100,000,000)
shares shall be designated preferred stock, par value $0.02 per share (“Preferred
Stock”). Six hundred million (600,000,000) shares shall be designated common

stock, par value $0.02 per share (“Common Stock™). The Common Stock of the
Corporation shall be all of one class.”

SECOND: That thereafter, pursuant to resolution of its Board of Directors, the regular meeting
of the stockholders of said corporation was duly called and held upon notice in accordance with
Section 222 of the General Corporation Law of the State of Delaware at which meeting the
necessary number of shares as required by statute were voted in favor of the amendment.

THIRD: That said amendment was duly adopted in accordance with the provisions of Section
242 of the General Corporation Law of the State of Delaware.

FOURTH: ‘That the capital of said corporation shall not be reduced under or by reason of said
amendment.

IN WITNESS WHEREOF, said Genentech, Inc. has caused this Certificate of Amendinent 1o be
signed by Stephen G. Juelsgaard, an Authorized Officer, this 15th day of May, 2000.

GENENTECH, INC.

by Bl N\ oebooa 0

Name: Stephen G. Juelsgaard
Title: Senior Vice President, General Counsel
and Scerctary

15841
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" TRADUCCION AL ESPANOL del Certificado de Incorporacion de Genentech, Inc.

© ® N o o

APOSTILLA
(Convencion de La Haya del 5 de Octubre de 1961)

Pais: Estados Unidos de América

Este documento publico

ha sido firmado por Harriet Smith Windsor

actuando en capacidad de Secretaria de Estado de Delaware

lleva el sello/timbre de la Oficina del Secretario de Estado

Certificado

en Dover, Delaware

el veinticuatro de mayo, A. D. 2005

por el Secretario de Estado, Departamento de Estado de Delaware
No. 0254031

Selloftimbre 10. Firma

Harriet Smith Windsor (Firma)

Secretaria de Estado
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DELAWARE
EL PRIMER ESTADO

YO, HARRIET SMITH WINDSOR, SECRETARIA DE ESTADO DEL
ESTADO DE DELAWARE, CERTIFICO POR LA PRESENTE QUE EL ANEXO ES
UNA COPIA AUTENTICA Y CORRECTA DEL CERTIFICADO VUELTO A
REDACTAR DE "“GENENTECH, INC", PRESENTADO EN ESTA OFICINA EL
DECIMOQUINTO DIA DE MAYO, A. D. 2000, A LAS 5 EN PUNTO DE LA TARDE.
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Harriet Smith Windsor (Firma)
Harriet Smith Windsor, Secretaria de Estado
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CERTIFICADO DE ENMIENDA DEL
CERTIFICADO DE INCORPORACION
CORREGIDO Y VUELTO A REDACTAR

Genentech, Inc. una corporacion organizada y existente bajo y por virtud de la Ley
General de Corporacion del Estado de Delaware.

CERTIFICA POR LA PRESENTE:

PRIMERO: Que en una reunién de la Junta Directiva de Genentech, Inc. se
adoptaron debidamente resoluciones que establecen una enmienda propuesta del
certificado de Incorporacion Corregido y vuelto a Redactar de dicha corporacion,
declarando dicha enmienda como 'aconsejable y llamando a una reunion de
accionistas de dicha corporacién para consideracion de la misma. La resolucion
establece la enmienda propuesta de la siguiente manera:

RESUELVE, que el Certificado de Incorporacion Corregido y vuelto a Redactar de
esta corporacién se enmiende cambiando “la Seccion 4.01(a)” del Articulo alij

numerado “4” tal que, como se enmienda, dicha Seccién de dicho Articulo se lea

“de la siguiente manera:

SECCION 4.01. Acciones de Capital. (a) la Corporacion  estg
autorizada a emitir dos clases de acciones que deben designarse,
respectivamente, acciones preferenciales y acciones Comunes. El
numero total de acciones que la Corporacion esta autorizavda a emitir
es de setecientos millones (700,000,000) de acciones. Cien millones
(1Q0,000,000) de acciones  seran designadas  acciones
preferenciales, por un valor de $0.02 por accion (“Accion
Preferencial’).  Seiscientos millones (600,000,000) de acciones

seran designadas acciones comunes, por un valor de $0.02 por

accion (“Accién Comin”). La accion comun de la Corporacién sera
toda de una misma clase.

2 &



TERCERO: Que dicha enmienda se adopté debidamente de acuerdo con lo

previsto en la Seccion 242 de la Ley General de Corporacién del Estado de
Delaware.

CUARTO: Que el capital de dicha corporacion no seréa reducido bajo o por razén
de dicha enmienda

EN TESTIMONIO DE LO CUAL, dicha Genentech, Inc. ha causado este

Certificado de Enmienda para que sea firmado por Stephen G. Juelsgaard, un
Funcionario Autorizado, este 15 de Mayo de 2000.

GENENTECH, INC.

Por: (Firma)
Nombre: Stephen G. Juelsgaard
Titulo: Vicepresidente, Consejo

y Secretaria General.
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(Convention de La Haye du 5 Octobre 1961)
Country: United States of America
This public document:
has been signed by Harriet Smith Windsor

acting in the capacity of Secretary of State of Delaware

bears the seal/stamp of Office of Secretary of State

ertified

at Dover, Delaware
the twenty-fourth day of May, A.D. 2005

by Secretary of State, Delaware Department of State

No. 0254033

Seal/Stamp: 10. Signature:

Secretary of State
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I, HARRIET SMITH WINDSOR, SECRETARY OF STATE OF THE STATE OF

PAGE 1

The First State

COPY OF THE CERTIFICATE OF AMENDMENT OF ”GENENTECH, INC. ",

DELAWARE, DO HEREBY CERTIFY THE ATTACHED IS A TRUE AND CORRECT

FILED

IN THIS OFFICE ON THE SIXTEENTH DAY OF APRIL, A.D. 2004, AT 7:39

" O'CLOCK P.M.

2112549 %

0504265067

AUTHENTI

Harriet Smith Windsor, Secretary of State

CATION: 3900387

DATE: 05-24-05
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, . State of Dslaware t,
o L Secratary of State N
« Division of Corporations
. ) Delivered 07:44 PM 04/16/2004
, . _ FILED 07:39 PM 04/16/2004 N
CERTIFICATE OF THIRD AMENDMENISRV. 040281669 - 2112549 FILE

OF AMENDED AND RESTATED -
CERTIFICATE OF INCORPORATION

Genentech, Inc., a corporation organized and existing under and by virtue of the General
Corporation Law of the State of Delaware,

DOES HEREBY CERTIFY:

FIRST: That at a meeting of the Board of Directors of Genentech, Inc. resolutions were duly
adopted setting forth a proposed amendment of the Amended and Restated Certificate of
Incorporation of said corporation, declaring said amendment to be advisable and calling a
meetirig of the stockholders of said corporation for consideration thereof. - The resolution setting
forth the proposed amendment is as follows:

RESOLVED, that the Amended and Restated Certificate of Incorporation of this corporation be
amended by changing “Section 4.01(a)” of the Article thereof numbered *“4” so that, as amended,
said Scction of sald Article shall be and read as follows: '

Section 4.01. Capital Stock. (a) The Corporation is authorized to issue two classes of stock to be
designated, respectively, preferred stock and cosmmon stock. The total number of shares which the
Corporation is authorized to issuc is three billion one hundred million (3,100,000,000) shares. One hundred
million (100,000,000) shares shall be designated preferred stock, par value $0.02 per share ("Preferred
Stock"). Thaee billion (3,000,000,000) shares shall be designated common stock, par value $0.02 per share
("Common Stock”). The common stock of the Corporation shall be all oTone class.

SECOND: That thereafter, pursuant to resolution of its Board of Directors, the regular meeling
of the stockholders of said corporation was duly called and held upon notice in accordarice with
Section 222 of the General Corporation Law of the State of Delaware at which meeting the
necessary number of shares as required by statute were voted in favor of the amendment.

THIRD: That said amendment was duly adopted in accordance with the provisions of Section
242 of the General Corporation Law of the State of Delaware.

FOURTH: That the capital of said corporation shall not be reduced under or by reason of said
amendment. '

IN WITNESS WHEREOT, said Genentech, Inc. has caused his Third Centificate of Amendment
to be signed by Stephen G. Juelsgaard, an Authorized Officer, this 16th day of April, 2004,

GENENTECH, INC.

ame: Stephen G. Juelsgaard
Title:  Exccutive Vice President, General Counsel
and Secretary

#153087




" TRADUCCION AL ESPANOL del Certificado de Enmienda de Genentech, Inc.

© © NToe o

APOSTILLA
(Convencion de La Haya del 5 de Octubre de 1961)

Pais: Estados Unidos de América

Este documento publico

ha sido firmado por Harriet Smith Windsor

actuando en capacidad de Secretaria de Estado de Delaware

lleva el sello/timbre de la Oficina del Secretario de Estado
Certificado -

en Dover, Delaware
el veinticuatro de mayo, A. D. 2005

por el Secretario de Estado, Departamento de Estado de Delaware
No. 0254033

Sello/timbre 10.  Firma

-

Harriet Smith Windsor (Firma)

Secretaria de Estado
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DELAWARE_
EL PRIMER ESTADO

YO, HARRIET SMITH WINDSOR, SECRETARIA DE ESTADO DEL

ESTADO DE DELAWARE, CERTIFICO POR LA PRESENTE QUE EL ANEXO ES -

UNA COPIA AUTENTICA Y CORRECTA DEL CERTIFICADO DE ENMIENDA DE
"GENENTECH, INC”", PRESENTADO EN ESTA OFICINA EL DECIMOSEXTO DIA
DE ABRIL, A. D. 2004, A LAS 7:39 EN PUNTO DE LA TARDE.

.

Harriet Smith Windsor (Firma)
Harriet Smith Windsor Sacretaria de-Geis
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'CERTIFICADO DE TERCERA ENMIENDA DEL
CERTIFICADO DE lNCORPORACION
CORREGIDO Y VUELTO A REDACTAR

Genentech, Inc. una corporacién organizada y existente bajo y por virtud de la Ley
General de Corporacién del Estado de Delaware.

CERTIFICA POR LA PRESENTE:

PRIMERO: Que en una reunidon de la Junta Directiva de Genentech, Inc. se

adoptaron debidamente resoluciones que establecen una enmienda propuesta del

certificado de Incorporacion Corregido y vuelto a Redactar de dicha corporacion,
declarando dicha enmienda como aconsejable y llamando a una reunidén de
‘accionistas de dicha corporacién para consideracion de la misma. La resolucién

establece la enmienda propuesta de Ia siguiente manera:

RESUELVE, que el Certificado de Incorporacion Corregido y vuelto a Redactar de
esta corporacién se enmiende cambiando “la Seccion 4.01(a)” del Articulo alli

numerado “4” tal que, como se enmienda, dicha Seccion de dicho Articulo se lea

'S

de la siguiente manera;

SECCION 4.01. Acciones de Capital. (a) la Corporacion esta
autorizada a emitir dos clases de acciones que deben designarse,
respectivamente, acciones preferenciales y acciones comunes. El
numero total de acciones que Ia Corporacion esta autorizada a emitir
es de tres mil cien millones (3,100,000,000) de acciones. Cien
millones .(100,000,000) de acciones . seran designada_s acciones
preferenciales, por un valor de $0.02 por accién ("Accion
Preferencial”). Tres mil millones (3,000,000,000) de acciones seran
designadas acciones comunes, por un valor de $0.02 por accion
("Accién Coman”). La accidon comun de la Corporacion sera toda de
una misma clase.,

SEGUNDO: Que por lo tanto, de acuerdo con la resolucién de su Junta Directiva,




J -~

TERCERO: Que dicha enmienda se adopté debidamente de acuerdo con lo

previsto en la Seccion 242 de la Ley General de Corporacién del Estado de
Delaware.

CUARTO: Que el capital de dicha corporacién no sera reducido bajo o por razén
de dicha enmienda -

EN TESTIMONIO DE LO CUAL, dicha Genentech, Inc. ha causado este

Certificado de Enmienda bara que sea firmado por Stephen G. Juelsgaard, un
Funcionario Autorizado, este 16 de Abril de 2004 '

GENENTECH, INC.

Por: (Firma)
Nombre: Stephen G. Juelsgaard
Titulo: Vicepresidente, Consejo

y Secretaria General.
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This public document:
has been signed by Harriet Smith Windsor

acting in the capacity of Secretary of State of Delaware

bears the seal/stamp of Office of Secretary of State

(ertified

at Dover, Delaware

the twenty-fourth day of May, A.D. 2005

by Secretary of State, Delaware Department of State
No. 0254032

Seal/Stamp: 10. Signature:

Secraeta ry of State
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The First State

I, HARRIET SMITH WINDSOR, SECRETARY OF STATE OF THE STATE OF
DELAWARE, DO HEREBY CERTIFY THE ATTACHED IS A TRUE AND CORRECT
COPY OF THE CERTIFICATE OF AMENDMENT OF "GENENTECH, INC.", FILED

IN THIS OFFICE ON THE TENTH DAY OF MAY, A.D. 2001, AT 2:05
O'CLOCK P.M.

\ﬂﬂxmmubt'xi;mkiﬁzg%Zyu144wJ
Harriet Smith Windsor, Secretary of State

AUTHENTICATION: 3900386

DATE: 05-24-05
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CERTIFICATE OF AMENDMENT )

OF AMENDED AND RESTATED
CERTIFICATE OF INCORPORATION

Genentech, Inc. a corporation organized and existing under and by virue of the General
Corporation Law of the State of Delaware. '

DOES HEREBY CERTIFY:

FIRST: That ar a meeting of the Board of Direciors of Genentech, Inc. resolurions were duly
adopted setting forth a proposed amendment of the Amended and Restaied Cermificate of
Incorporation of said corporation, declaring said amendment ro bk advisable and calling a
meeting of the stockholders of said corporation for consideration thereof. The resolution seuing
forth the proposed amendment is as follows:

RESOLVED, that the Amended and Restated Certificate of Incorporation of tnis corporation be
amended by changing “Section 4.01(a)” of the Article thereof numbered “4” so that, as amended,
sdtd Scction of suid Article shall be aud read as follows:

“Section 4.0). Capiral Stock. (a) The Corporation is authorizad 10 issue
two classes of stock to be designated, respecuvely, preferred stock and common
stock. The total number of shares which the Corporation is authorized 10 issue is
one billion three hundred million (1,300,000,000) shares. One hundred million
(100,000,000) shares shall be designated preferred stock, par value $0.02 per
share (“Preferred Stock™). One billion two hundred million (1,203,000,000)
shares shall be designated common stock, par value $0.02 per share ("Common
Stock™). The Common Stock of the Corporarion shall be all of one clas:.”

SECOND: That thereafter, pursuant 1o resolution of its Board of Directors. the regular meetdng
of the stockholders of said corporation was duly called and held upon notice in accordance with
Section 222 of the General Corporation Law of the State of Dejaware at which mecting the
necessary number of shares as required by statute were vored in favor of the amendment.

THIRD: That said amendment was duly adopied in sccordance with the provisions of Section
242 of the General Corporation Law of the State of Delaware.

FOURTH: That the cupital of said corporation shall not be reduced under or by reason of said
amendment.

IN WITNESS WHEREOF, said Genentech, Inc. has caused this Certificate of Amendment 16 be
signed by Stephen G. Juelsgaard, an Authorized Officer, this 10th day of May, 2001.

GENENTECH, INC.

By: M\&'\QMQ‘%&_

Name: Stephen G.J uelsgaara
Tule.  Senior Vice President, General Counsel
and Secretary

36787

N

N



" TRADUCCION AL ESPANOL del Certificado de Enmienda de Genentech, inc.

© o N o o

APOSTILLA
(Convencion de La Haya del 5 de Octubre de 1961)

Pais: Estados Unidos de América

Este documento publico

ha sido firmado por Harriet Smith Windsor

actuando en capacidad de Secretaria de Estado de Delaware

lleva el sello/timbre de la Oficina del Secretario de Estado

‘Certificado

en Dover, Delaware
el veinticuatro de mayo, A. D. 2005

por el Secretario de Estado, Departamento de Estado de Delaware
No. 0254032

Sello/timbre 10. Firma

Harriet Smith Windsor (Firma)

Secretaria de Estado




DELAWARE
EL PRIMER ESTADO

YO, HARRIET SMITH WINDSOR, SECRETARIA DE ESTADO DEL
ESTADO DE DELAWARE, CERTIFICO POR LA PRESENTE QUE EL ANEXO ES
UNA COPIA AUTENTICA Y CORRECTA DEL CERTIFICADO DE ENMIENDA DE
“GENENTECH, INC”, PRESENTADO EN ESTA OFICINA EL DECIMO DIA DE
MAYO, A. D. 2001, A LAS 2:05 EN PUNTO DE LA TARDE,

.

Harriet Smith Windsor (Firma)
Harriet Smith Windsor, Secretaria de Estado
AUTENTICACION: 3900386

FECHA: 05-24-05



CERTIFICADO DE TERCERA ENMIENDA DEL
CERTIFICADO DE INCORPORACION
CORREGIDO Y VUELTO A REDACTAR

Genentech, Inc. una corporacion organizada y existente bajo y por virtud de la Ley
General de Corporacion del Estado de Delaware.

CERTIFICA POR LA PRESENTE:

PRIMERO: Que en una reunion de la Junta Directiva de Genentech, Inc. se
adoptaron debidamente resoluciones que establecen una enmienda propuesta del
certificado de Incorporacion Corregido y vuelto a Redactar de dicha corporacion,
declarando dicha enmienda como aconsejable y llamando a una reunién de
accionistas de dicha corporacién para consideracion de la misma. La resolucion

establece la enmienda propuesta de la siguiente manera:

RESUELVE, que el Certificado de Incorporacion Corregido y vuelto a Redactar de
esta corporacion se enmiende cambiando “la Seccion 4.01(a)” del Articulo alli

numerado “4” tal que, como se enmienda, dicha Seccion de dicho Articulo se lea
de la siguiente manera:

SECCION 4.01. Acciones de Capital. (a) la Corporacion esta
autorizada a emitir dos clases de acciones que deben designarse,
respectivamente, acciones preferenciales y acciones comunes. E|
namero total de acciones que la Corporacién esta autorizada a emitir
es de mil trescientos millones (1,300,000,000) de acciones. Cien
millones (100,000,000) de acciones seran designadas acciones
preferenciales, ~por un valor de $0.02 por accion ("Accidn

Preferencial”). Mil doscientos millones (1,200,000,000) de acciones

accion (*Accién Comun”). La accion comin de la Corporacidfseass™:

toda de una misma clase.

: . RS
y se sostuvo al ser anunciada de acuerdo con la seccién 222 3 N

S
la reunion ordinaria de accionistas de dicha corporacion se cgﬁ‘/’v
F

Corporacién del Estado de Delaware, en donde el nimero nece

requerido por los estatutos votaron a favor de la enmienda.



TERCERO: Que dicha enmienda se adopté debidamente de acuerdo con lo

previsto en la Seccion 242 de la Ley General de Corporacion del Estado de
Delaware.

CUARTO: Que el capital de dicha corporacién no sera reducido bajo o por razén
de dicha enmienda

EN TESTIMONIO DE LO CUAL, dicha Genentech, Inc. ha causado este

Certificado de Enmienda para que sea firmado por Stephen G. Juelsgaard, un
Funcionario Autorizado, este 10 de Mayo de 2001.

GENENTECH, INC.

Por: (Firma)
Nombre: Stephen G. Juelsgaard
Titulo: Vicepresidente, Consejo

y Secretaria General.
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