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PATENT

USE OF STROMAL CELL-DERIVED FACTOR 1 FOR PROMOTING WOUND

HEALING
[0001]
Field of the Invention
[0002] The present invention relates to composition and methods of promoting wound

healing 1n subject.

Background of the Invention

[0003] Wounds (i.e., lacerations or openings) in mammalian tissue result in tissue
disruption and coagulation of the microvasculature at the wound face. Repair of such tissue
represents an orderly, controlled cellular response to injury. All soft tissue wounds,
regardless of size heal in a similar manner. Tissue growth and repair are biologic systems
wherein cellular proliferation and angiogenesis occur in the presence of an oxygen gradient.
The sequential morphological and structural changes which occur during tissue repair have
been characterized in great detail and have in some instances been quantified (Hunt, T.K., et
al., “Coagulation and macrophage stimulation of angiogenesis and wound healing,” in The
surgical wound, pp. 1-18, ed. F. Dineen & G. Hildrick-Smith (Lea & Febiger, Philadelphia:
1981)].

[0004] The cellular morphology consists of three distinct zones. The central

avascular wound space 1s oxygen deficient, acidotic and hypercarbic, and has high lactate
levels. Adjacent to the wound space is a gradient zone of local anemia (ischemia) which is
populated by dividing fibroblasts. Behind the leading zone is an area of active collagen
synthesis characterized by mature fibroblasts and numerous newly-formed capillaries. (i.e.,
neovascularization). While this new blood vessel growth (angiogenesis) is necessary for the
healing of wound tissue, angiogenic agents generally are unable to fulfill the long-felt need

of providing the additional biosynthetic effects of tissue repair. Despite the need for more

rapid healing of wounds (1.e., severe burns, surgical incisions, lacerations and other
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trauma), to date there has been only limited success 1n accelerating wound healing with

pharmacological agents.

Summary of the Invention

[0005] The present invention relates to methods and composition of treating and/or
promoting wound healing in a subject. In the method, SDF-1 1s administered directly to the
wound or cells proximate the wound at an amount effective to promote wound healing. The
wound can include any injury to any portion of the body of a subject. Examples of wounds
that can be treated by the method include acute conditions or wounds; such as thermal burns,
chemical burns, radiation burns, burns caused by excess exposure to ultraviolet radiation
(e.g., sunburn); damage to bodily tissues, such as the perineum as a result of labor and
childbirth; injuries sustained during medical procedures, such as episiotomies, trauma-
induced 1njuries including cuts, 1incisions, excoriations; injuries sustained from accidents;
post-surgical injuries, as well as chronic conditions; such as pressure sores, bedsores,
conditions related to diabetes and poor circulation, and all types of acne. In addition, the
wound can include dermatitis, such as impetigo, intertrigo, folliculitis and eczema, wounds
following dental surgery; periodontal disease; wounds following trauma; and tumor
associated wounds.

[0006] In an aspect of the invention, an amount of SDF-1 administered to the wound or
cells proximate the wound can be an amount effective to promote or accelerate wound
closure and wound healing, mitigate scar formation of and/or around the wound, 1nhibit
apoptosis of cells surrounding or proximate the wound, and/or tacilitate revascularization ot
the wounded tissue. The SDF-1 can be administered to cells proximate the wound that
include SDF-1 receptors that are up-regulated as a result of tissue injury and/or trauma. In an
aspect of the invention, the SDF-1 receptor can comprise CXCR4 and/or CXCR7, and the
SDF-1 can be administered at an amount effect to increase Akt-phosphorylation of the cells.
[0007] In another aspect of the invention, the SDF-1 can be administered by expressing
SDF-1 1n cells proximate the wound and/or providing a pharmaceutical composition to the
wound which includes SDF-1. The SDF-1 can be expressed from the cells proximate the
wound by genetically modifying the cells by at least one of a vector, plasmid DNA,

electroporation, and nano-particles to express SDF-1.
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[0008] The present invention also relates to methods and composition of inhibiting scar
formation during wound healing in a subject. In the method, SDF-1 1s administered directly
to the wound or cells proximate the wound at an amount effective to mitigate scar formation
in and/or around the wound. The wound can include any 1njury to any portion of the body of
a subject. Examples of wound that can be treated by the method include acute conditions or
wounds; such as thermal burns, chemical burns, radiation burns, burns caused by excess
exposure to ultraviolet radiation (e.g., sunburn); damage to bodily tissues, such as the
perineum as a result of labor and childbirth; injuries sustained during medical procedures,
such as episiotomies, trauma-induced injuries including cuts, incisions, excoriations; 1njuries
sustained from accidents; post-surgical injuries, as well as chronic conditions; such as
pressure sores, bedsores, conditions related to diabetes and poor circulation, and all types of
acne. In addition, the wound can include dermatitis such as impetigo, intertrigo, folliculitis
and eczema, wounds following dental surgery; periodontal disease; wounds following
trauma; and tumor associated wounds.

[0009] In an aspect of the invention, an amount of SDF-1 administered to the wound or
cells proximate the wound can be an amount effective to promote or accelerate wound
closure and wound healing, mitigate scar fibrosis of the tissue of and/or around the wound,
inhibit apoptosis of cells surrounding or proximate the wound, and/or facilitate
revascularization of the wounded tissue. The SDF-1 can be administered to cells proximate
the wound that include SDF-1 receptors that are up-regulated as a result of tissue 1njury
and/or trauma. In an aspect of the invention, the SDF-1 receptor can comprise CXCR4
and/or CXCR7, and the SDF-1 can be administered at an amount effect to increase
Akt-phosphorylation of the cells.

[0010] In another aspect of the invention, the SDF-1 can be administered by expressing
SDEF-1 1n cells proximate the wound and/or providing a pharmaceutical composition to the
wound which includes SDF-1. The SDF-1 can be expressed from the cells proximate the
wound by genetically modifying the cells by at least one of a vector, plasmid DNA,
electroporation, and nano-particles to express SDF-1.

[0011] The present invention further relates to methods and composition of promoting or
accelerating wound closure 1n a subject. In the method, SDF-1 1s administered directly to the
wound or cells proximate the wound at an amount effective to promote wound closure. The

wound can include any injury to any portion of the body of a subject. Examples of wound
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that can be treated by the method include acute conditions or wounds; such as thermal burns,
chemical burns, radiation burns, burns caused by excess exposure to ultraviolet radiation
(e.g., sunburn); damage to bodily tissues, such as the perineum as a result of labor and
childbirth; injuries sustained during medical procedures, such as episiotomies, trauma-
induced 1njuries including cuts, 1ncisions, excoriations; injuries sustained from accidents;
post-surgical injuries, as well as chronic conditions; such as pressure sores, bedsores,
conditions related to diabetes and poor circulation, and all types of acne. In addition, the
wound can include dermatitis such as impetigo, intertrigo, folliculitis and eczema, wounds
following dental surgery; periodontal disease; wounds following trauma; and tumor
associated wounds.

[0012] In an aspect of the invention, an amount of SDF-1 administered to the wound or
cells proximate the wound can be an amount effective to promote or accelerate wound
closure and wound healing, mitigate scar formation of and/or around the wound, inhibit
apoptosis of cells surrounding or proximate the wound, and/or tacilitate revascularization ot
the wounded tissue. The SDF-1 can be administered to cells proximate the wound that
include SDF-1 receptors that are up-regulated as a result of tissue injury and/or trauma. In an
aspect of the invention, the SDF-1 receptor can comprise CXCR4 and/or CXCR7, and the
SDF-1 can be administered at an amount effect to increase Akt-phosphorylation of the cells.
[0013] In another aspect of the invention, the SDF-1 can be administered by expressing
SDF-1 1n cells proximate the wound and/or providing a pharmaceutical composition to the
wound which includes SDF-1. The SDF-1 can be expressed from the cells proximate the
wound by genetically modifying the cells by at least one of a vector, plasmid DNA,
electroporation, and nano-particles to express SDF-1.

[0014] The present invention still further relates to a topical and/or local formulation for
promoting wound healing in subject. The formulation can include an amount of SDF-1
effective to promote wound closure and 1nhibit scarring of the wound when the formulation 1s
administered to the wound.

[0015] The wound can include any injury to any portion of the body of a subject.
Examples of wound that can be treated by the method include acute conditions or wounds;
such as thermal burns, chemical burns, radiation burns, burns caused by excess exposure to
ultraviolet radiation (e.g., sunburn); damage to bodily tissues, such as the perineum as a result

of labor and childbirth; injuries sustained during medical procedures, such as episiotomies,
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trauma-induced 1njuries mcluding cuts, mcisions, excoriations; injuries sustained from accidents;
post-surgical injuries, as well as chronic conditions; such as pressure sores, bedsores, conditions
related to diabetes and poor circulation, and all types of acne. In addition, the wound can
include dermatitis such as impetigo, intertrigo, folliculitis and eczema, wounds following dental
surgery; periodontal disease; wounds following trauma; and tumor associated wounds.

[0016]} The amount of SDF-1 1n the wound can also be an amount effective to promote or
accelerate wound healing, mitigate scar formation of and/or around the wound, inhibit
apoptosis of cells surrounding or proximate the wound, and/or facilitate revascularization of the
wounded tissue. In an aspect of the invention, the SDF-1 can be i the form of protein or plasmid
that when administered to a cell proximate the wound promotes expression of SDF-1 from the

cells.

00164 In accordance with an aspect of the present invention there 1s provided a method
for promoting wound healing 1n a subject, comprising:
the use directly to a wound or an area proximate the wound of an effective

amount of SDF-1 to promote healing of the wound and increase Akt-phosphorylation in cells
expressing SDF-1 receptors of the wound or proximate the wound.
[0016b] In accordance with a further aspect of the present invention there 1s provided a
topical formation for treating a wound, the topical formulation comprising:

at least one of a therapeutically effective amount of an SDF-1 protein or an SDF-1
plasmid and at least one carrier, the topical formulation when administered to a wound of a
subject promoting wound healing, accelerating wound closure, and/or inhibiting formation on
of scar tissue in the wound.
[0016¢] In accordance with an aspect of the present invention, there is provided a use of a stromal
cell-dertved factor-1 (SDF-1) non-viral expression vector in promoting healing of an acute external
wound of a subject, wherein said SDF-1 is for administration directly to cells in or proximate to the
acute exterior wound of the subject, and wherein the acute exterior wound 1s a thermal burn, chemical
burn, radiation burn, a burn caused by excess exposure to ultraviolet radiation; damage to a bodily
tissue, an incision, a trauma-imduced injury, a cut or laceration.
[0016d] In accordance with another aspect of the present mvention, there is provided a use of a
stromal cell-derived factor-1 (SDF-1) non-viral expression vector in reducing fibrosis of an
acute external wound of a subject, wherein said SDF-1 1s for administration directly to cells
In or proximate to the acute exterior wound of the subject, and wherein the acute exterior

wound 1s a thermal burn, chemical burn, radiation burn, a burn caused by excess exposure to

ultraviolet radiation; damage to a bodily tissue, an incision, a trauma-induced injury, a cut or
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laceration.

[0016¢] In accordance with a further aspect of the present invention, there is provided
use of a DNA plasmid encoding SDF-1 for administration to a wound of the skin and/or an
area proximate the wound to increase the concentration of SDF-1 in said wound and thereby

inhibit and/or mitigate formation of scar tissue in said wound.

Brief Description of the Drawings

[0017] The foregoing and other features of the present invention will become apparent
to those skilled in the art to which the present invention relates upon reading the following

description with reference to the accompanying drawings.

[0018] Fig. 1 illustrates photographs showing that SDF-1 releasing scaffolds accelerate

wound healing.

{0019] Fig. 2 1llustrates plots showing the % Healing over a period days for porcine

wounds treated with SDF-1 protein scaffold, SDF-1 plasma scaffold, Saline scaffold, and no
scaffold.

Detailed Description

[0020] Unless otherwise defined, all technical terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Commonly understood definitions of molecular biology terms can be found in, for

example, Rieger et al., Glossary of Genetics: Classical and Molecular, 5th edition, Springer-
Verlag: New York, 1991; and Lewin, Genes V, Oxford University Press: New York, 1994.

[06021] Methods involving conventional molecular biology techniques are described
herein. Such techniques are generally known in the art and are described in detail in

methodology treatises, such as Molecular Cloning: A Laboratory Manual, 2nd ed., vol. 1-3,
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ed. Sambrook et al., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989;
and Current Protocols in Molecular Biology, ed. Ausubel et al., Greene Publishing and
Wiley-Interscience, New York, 1992 (with periodic updates). Methods for chemical
synthesis of nucleic acids are discussed, for example, in Beaucage and Carruthers, Tetra.
Letts. 22:1859-1862, 1981, and Matteucci et al., J. Am. Chem. Soc. 103:3185, 198]1.
Chemical synthesis of nucleic acids can be performed, for example, on commercial
automated oligonucleotide synthesizers. Immunological methods (e.g., preparation of
antigen-specific antibodies, immunoprecipitation, and immunoblotting) are described, e.g., in
Current Protocols in Immunology, ed. Coligan et al., John Wiley & Sons, New York, 1991;
and Methods of Immunological Analysis, ed. Masseyeftt et al., John Wiley & Sons, New
York, 1992. Conventional methods of gene transter and gene therapy can also be adapted for
use 1n the present invention. See, e.g., Gene Therapy: Principles and Applications, ed. T.
Blackenstein, Springer Verlag, 1999; Gene Therapy Protocols (Methods in Molecular
Medicine), ed. P. D. Robbins, Humana Press, 1997; and Retro-vectors for Human Gene
Therapy, ed. C. P. Hodgson, Springer Verlag, 1996.

[0022] The present invention relates to the treatment of a wound and/or the promotion of
wound healing or wound closure 1n a mammalian subject by administering to the wound
and/or cells proximate the wound an amount of SDF-1 etffective to promote wound healing,
mitigate cell apoptosis, and/or mitigate or inhibit scar formation in the wound. The present
invention also relates to a method of inhibiting scar formation and/or fibrosis of a wound or
tissue proximate a wound by administering to the wound and/or cells or tissue proximate the
wound an amount of SDF-1 effective to promote wound healing, mitigate cell apoptosis,
and/or mitigate or inhibit scar formation 1n the wound. The present invention further relates
to a topical and/or local formulation for treating a wound comprising SDF-1 or an agent that
upregulates expression of SDF-1 1n cells of a wound.

[0023] The wound treated by the method and/or compositions of the present invention
can include any injury to any portion of the body of a subject (e.g., internal wound or external
wound) including: acute conditions or wounds, such as thermal burns, chemical burns,
radiation burns, burns caused by excess exposure to ultraviolet radiation (e.g., sunburn);
damage to bodily tissues, such as the perineum as a result of labor and childbirth; injuries
sustained during medical procedures, such as episiotomies; trauma-induced injuries, such as

cuts, 1nC1sions, excoriations, injuries sustained as result of accidents, ulcers, such as pressure
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ulcers, diabetic ulcers, plaster ulcers, and decubitus ulcer, post-surgical injuries. The wound
can also include chronic conditions or wounds, such as pressure sores, bedsores, conditions
related to diabetes and poor circulation, and all types of acne. In addition, the wound can
include dermatitis, such as impetigo, intertrigo, folliculitis and eczema, wounds following
dental surgery; periodontal disease; tumor associated wounds.

[0024] It will be appreciated that the present application 1s not limited to the preceding
wounds or injuries and that other wounds or tissue injuries whether acute and/or chronic can
be treated by the compositions and methods of the present invention.

[0025] As used herein, the term “promoting wound healing™ or "promoting healing of a
wound" mean augmenting, improving, increasing, or inducing closure, healing, or repair of a
wound.

[0026] As used herein, the terms "treating” and "treatment” refer to reduction in severity
and/or frequency of symptoms, elimination of symptoms and/or underlying cause, prevention
of the occurrence of symptoms and/or their underlying cause, and improvement or
remediation of damage. Thus, for example, "treating” of a wound includes increasing healing
at a wound site, promoting wound closure, and decreasing scarring of the wound.

[0027] Mammalian subjects, which will be treated by methods and compositions of the
present invention, can include any mammal, such as human beings, rats, mice, cats, dogs,
goats, sheep, horses, monkeys, apes, rabbits, cattle, etc. The mammalian subject can be 1n
any stage of development including adults, young animals, and neonates. Mammalian
subjects can also include those in a fetal stage of development.

[0028] In accordance with an aspect of the invention, the SDF-1 can be administered to
cells proximate the wound to mitigate apoptosis of the cells and promote wound healing,
promote wound closure, and/or mitigate scar formation of and/or around the wound. The
cells include cells that express SDF-1 receptors, which are upregulated as a result of trauma
and/or tissue injury. The up-regulated SDF-1 receptors can include, for example, CXCR4
and/or CXCR7. It was found that sustained localized administration of SDF-1 to cells with
up-regulated SDF-1 receptors as a result of tissue injury increases Akt phosphorylation in the
cells which in turn can mitigate apoptosis of the cells. Additionally, long-term localized
administration of SDF-1 to tissue facilitates recruitment of stem cells and/or progenitor cells,

such as endothelial progenitor cells, expressing CXCR4 and/or CXCR7 to the site of the
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wound being treated, which can facilitate revascularization of the tissue surrounding and/or
proximate the wound.

[0029] In one example, the period of time that the SDF-1 1s administered to the cells of
the wound and/or proximate the wound can comprise from about onset of the wound and/or
tissue 1njury to about days, weeks, or months after tissue injury. It was found that topical
and/or local SDF-1 delivery by protein or plasmid to wounds was sufficient to increase the
rate of healing and wound closure. Moreover, the SDF-1 treated wounds tended to have less
fibrosis than non-SDEF-1 treated wounds, which suggests SDF-1 can mitigate scarring in
treated wounds. It was also found that immediately after onset of tissue injury, cells 1n the
wound tissue or about the periphery or the border of the wound up regulate expression of
SDFE-1. After about 24 hours, SDF-1 expression by the cells 1s reduced. The SDF-1 can be
administered after the SDF-1 1s reduced to mitigate apoptosis of the cells.

[0030] SDF-1 in accordance with the present invention can have an amino acid sequence
that 1s substantially similar to a native mammalian SDF-1 amino acid sequence. The amino
acid sequence of a number of different mammalian SDF-1 protein are known including
human, mouse, and rat. The human and rat SDF-1 amino acid sequences are about 92%
identical. SDF-1 can comprise two 1soforms, SDF-1 alpha and SDF-1 beta, both of which are
referred to herein as SDF-1 unless 1dentified otherwise.

[0031] The SDF-1 can have an amino acid sequence substantially identical to SEQ ID
NO: 1. The SDF-1 that 1s over-expressed can also have an amino acid sequence substantially
similar to one of the foregoing mammalian SDF-1 proteins. For example, the SDF-1 that 1s
over-expressed can have an amino acid sequence substantially similar to SEQ ID NO: 2.
SEQ ID NO: 2, which substantially comprises SEQ ID NO: 1, 1s the amino acid sequence for
human SDF-1 and 1s identified by GenBank Accession No. NP954637. The SDF-1 that 1s
over-expressed can also have an amino acid sequence that 1s substantially 1identical to SEQ ID
NO: 3. SEQ ID NO: 3 includes the amino acid sequences for rat SDF and is identified by
GenBank Accession No. AAF01066.

[0032] The SDF-1 in accordance with the present invention can also be a variant of
mammalian SDF-1, such as a fragment, analog and derivative of mammalian SDF-1. Such
variants include, for example, a polypeptide encoded by a naturally occurring allelic variant
of native SDF-1 gene (i.e., a naturally occurring nucleic acid that encodes a naturally

occurring mammalian SDF-1 polypeptide), a polypeptide encoded by an alternative splice
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form of a native SDF-1 gene, a polypeptide encoded by a homolog or ortholog of a native
SDF-1 gene, and a polypeptide encoded by a non-naturally occurring variant of a native SDF-
1 gene.

[0033] SDF-1 variants have a peptide sequence that differs from a native SDF-1
polypeptide in one or more amino acids. The peptide sequence of such variants can feature a
deletion, addition, or substitution of one or more amino acids of a SDF-1 vanant. Amino
acid insertions are preferably of about 1 to 4 contiguous amino acids, and deletions are
preferably of about 1 to 10 contiguous amino acids. Variant SDF-1 polypeptides
substantially maintain a native SDF-1 functional activity. Examples of SDF-1 polypeptide
variants can be made by expressing nucleic acid molecules within the invention that feature
silent or conservative changes. One example of an SDF-1 variant is listed in US Patent

No. 7,405,195.

[0034] SDF-1 polypeptide fragments corresponding to one or more particular motifs
and/or domains or to arbitrary sizes, are within the scope of the present invention. Isolated
peptidyl portions of SDF-1 can be obtained by screening peptides recombinantly produced
from the corresponding fragment of the nucleic acid encoding such peptides. For example,
an SDF-1 polypeptides of the present invention may be arbitrarily divided into fragments of
desired length with no overlap of the fragments, or preferably divided into overlapping
fragments of a desired length. The fragments can be produced recombinantly and tested to
identify those peptidyl fragments, which can function as agonists of native CXCR-4
polypeptides.

{0035]  Variants of SDF-1 polypeptides can also include recombinant forms of the SDF-1
polypeptides. Recombinant polypeptides preferred by the present invention, in addition to
SDE-1 polypeptides, are encoded by a nucleic acid that can have at least 70% sequence
identity with the nucleic acid sequence of a gene encoding a mammalian SDF-1.

[0036] SDF-1 variants can include agonistic forms of the protein that constitutively
express the functional activities of native SDF-1. Other SDF-1 variants can include those
that are resistant to proteolytic cleavage, as for example, due to mutations, which alter
protease target sequences. Whether a change in the amino acid sequence of a peptide results

in a variant having one or more functional activities of a native SDF-1 can be readily

determined by testing the variant for a native SDF-1 functional activity.
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[0037] The SDF-1 nucleic acid that encodes the SDF-1 protein can be a native or non-
native nucleic acid and be 1in the form of RNA or in the form of DNA (e.g., cDNA, genomic
DNA, and synthetic DNA). The DNA can be double-stranded or single-stranded, and 1f
single-stranded may be the coding (sense) strand or non-coding (anti-sense) strand. The
nucleic acid coding sequence that encodes SDF-1 may be substantially similar to a nucleotide
sequence of the SDF-1 gene, such as nucleotide sequence shown in SEQ ID NO: 4 and SEQ
ID NO: 5. SEQ ID NO: 4 and SEQ ID NO: 5 comprise, respectively, the nucleic acid
sequences for human SDF-1 and rat SDF-1 and are substantially similar to the nucleic
sequences of GenBank Accession No. NM 199168 and GenBank Accession No. AF139724.
The nucleic acid coding sequence for SDF-1 can also be a different coding sequence which,
as a result of the redundancy or degeneracy of the genetic code, encodes the same
polypeptide as SEQ ID NO: 1, SEQ ID NO: 2, and SEQ ID NO: 3.

[0038] Other nucleic acid molecules that encode SDF-1 within the invention are variants
of a native SDF-1, such as those that encode fragments, analogs and derivatives of native
SDF-1. Such variants may be, for example, a naturally occurring allelic variant of a native
SDF-1 gene, a homolog or ortholog of a native SDF-1 gene, or a non-naturally occurring
variant of a native SDF-1 gene. These variants have a nucleotide sequence that differs from a
native SDF-1 gene 1n one or more bases. For example, the nucleotide sequence of such
variants can feature a deletion, addition, or substitution of one or more nucleotides of a native
SDF-1 gene. Nucleic acid insertions are preferably of about 1 to 10 contiguous nucleotides,
and deletions are preferably of about 1 to 10 contiguous nucleotides.

[0039] In other applications, variant SDF-1 displaying substantial changes in structure
can be generated by making nucleotide substitutions that cause less than conservative
changes 1n the encoded polypeptide. Examples of such nucleotide substitutions are those that
cause changes 1n (a) the structure of the polypeptide backbone; (b) the charge or
hydrophobicity of the polypeptide; or (¢) the bulk of an amino acid side chain. Nucleotide
substitutions generally expected to produce the greatest changes in protein properties are
those that cause non-conservative changes in codons. Examples of codon changes that are
likely to cause major changes 1n protein structure are those that cause substitution of (a) a
hydrophilic residue(e.g., serine or threonine), for (or by) a hydrophobic residue (e.g., leucine,
i1soleucine, phenylalanine, valine or alanine); (b) a cysteine or proline for (or by) any other

residue; (¢) a residue having an electropositive side chain (e.g., lysine, arginine, or histidine),
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for (or by) an electronegative residue (e.g., glutamine or aspartine); or (d) a residue having a
bulky side chain (e.g., phenylalanine), for (or by) one not having a side chain, (e.g., glycine).
[0040] Naturally occurring allelic variants of a native SDF-1 gene within the invention
are nucleic acids 1solated from mammalian tissue that have at least 70% sequence 1dentity
with a native SDF-1 gene, and encode polypeptides having structural siumilarity to a native
SDFE-1 polypeptide. Homologs of a native SDF-1 gene within the invention are nucleic acids
isolated from other species that have at least 70% sequence identity with the native gene, and
encode polypeptides having structural similarity to a native SDF-1 polypeptide. Public
and/or proprietary nucleic acid databases can be searched to identity other nucleic acid
molecules having a high percent (e.g., 70% or more) sequence 1dentity to a native SDF-1
gene.

[0041] Non-naturally occurring SDF-1 gene variants are nucleic acids that do not occur in
nature (e.g., are made by the hand of man), have at least 70% sequence 1dentity with a native
SDFE-1 gene, and encode polypeptides having structural similarity to a native SDF-1
polypeptide. Examples of non-naturally occurring SDF-1 gene variants are those that encode
a fragment of a native SDF-1 protein, those that hybridize to a native SDF-1 gene or a
complement of to a native SDF-1 gene under stringent conditions, and those that share at
least 65% sequence 1dentity with a native SDF-1 gene or a complement of a native SDF-1
gene.

[0042] Nucleic acids encoding fragments of a native SDF-1 gene within the invention are
those that encode, amino acid residues of native SDF-1. Shorter oligonucleotides that encode
or hybridize with nucleic acids that encode fragments of native SDF-1 can be used as probes,
primers, or antisense molecules. Longer polynucleotides that encode or hybridize with
nucleic acids that encode fragments of a native SDF-1 can also be used in various aspects of
the invention. Nucleic acids encoding fragments of a native SDF-1 can be made by
enzymatic digestion (e.g., using a restriction enzyme) or chemical degradation of the full-
length native SDF-1 gene or variants thereof.

[0043] Nucleic acids that hybridize under stringent conditions to one of the foregoing
nucleic acids can also be used 1n the invention. For example, such nucleic acids can be those
that hybridize to one of the foregoing nucleic acids under low stringency conditions,

moderate stringency conditions, or high stringency conditions are within the invention.
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[0044] Nucleic acid molecules encoding a SDF-1 fusion protein may also be used in the
invention. Such nucleic acids can be made by preparing a construct (e.g., an expression
vector) that expresses a SDF-1 fusion protein when introduced 1nto a suitable target cell. For
example, such a construct can be made by ligating a first polynucleotide encoding a SDF-1
protein fused in frame with a second polynucleotide encoding another protein such that
expression of the construct 1n a suitable expression system yields a fusion protein.

[0045] The nucleic acids encoding SDF-1 can be modified at the base moiety, sugar
moiety, or phosphate backbone, for example, to improve stability of the molecule,
hybridization, etc. The nucleic acids within the invention may additionally include other
appended groups such as peptides (e.g., for targeting target cell receptors in vivo), or agents
facilitating transport across the cell membrane, hybridization-triggered cleavage. To this end,
the nucleic acids may be conjugated to another molecule, (e.g., a peptide), hybridization
triggered cross-linking agent, transport agent, hybridization-triggered cleavage agent, etc.
[0046] The SDF-1 can be administered directly to the wound, about the periphery of the
wound or to cells proximate, the wound 1n order to mitigate apoptosis of cells proximate the
wound and facilitate angiogenesis to the wounded area as well as accelerate wound closure
and 1nhibit scarring of the wound. The SDF-1 can be delivered to the wound or cells
proximate the wound by administering an SDF-1 protein to the wound or cells, or by
introducing an agent into target cells that causes, increases, and/or upregulates expression of
SDF-1 (1.e., SDF-1 agent). The SDF-1 protein expressed in the target cells can be an
expression product of a genetically modified cell. The target cells can include cells within or
about the periphery of the wound or ex vivo cells that are biocompatible with tissue being
treated. The biocompatible cells can also include autologous cells that are harvested from the
subject being treated and/or biocompatible allogeneic or syngeneic cells, such as autologous,
allogeneic, or syngeneic stem cells (e.g., mesenchymal stem cells), progenitor cells

(e.g., multipotent adult progenitor cells) and/or other cells that are further ditferentiated and
are biocompatible with the tissue being treated. The cells can include cells that are provided
in skin grafts, bone grafts, engineered tissue, and other tissue replacement therapies that are
used to treat wounds.

[0047] The agent can comprise natural or synthetic nucleic acids, according to present
invention and described above, that are incorporated into recombinant nucleic acid

constructs, typically DNA constructs, capable of introduction into and replication 1n the cell.
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Such a construct can include a replication system and sequences that are capable of
transcription and translation of a polypeptide-encoding sequence 1n a given target cell.
[0048] Other agents can also be introduced 1nto the cells to promote expression of SDF-1
from the cells. For example, agents that increase the transcription of a gene encoding SDF-1,
increase the translation of an mRNA encoding SDF-1, and/ or those that decrease the
degradation of an mRNA encoding SDF-1 could be used to increase SDF-1 protein levels.
Increasing the rate of transcription from a gene within a cell can be accomplished by
introducing an exogenous promoter upstream of the gene encoding SDF-1. Enhancer
elements, which facilitate expression of a heterologous gene, may also be employed.

[0049] Other agents can further include other proteins, chemokines, and cytokines, that
when administered to the target cells can upregulate expression SDF-1 form the target cells.
Such agents can include, for example: insulin-like growth factor (IGF)-1, which was shown
to upregulate expression of SDF-1 when administered to mesenchymal stem cells (MSCs)
(Circ. Res. 2008, Nov 21; 103(11):1300-98); sonic hedgehog (Shh), which was shown to
upregulate expression of SDF-1 when administered to adult fibroblasts (Nature Medicine,
Volume 11, Number 11, Nov. 23); transforming growth factor  (TGF- [3); which was shown
to upregulate expression of SDF-1 when administered to human peritoneal mesothelial cells
(HPMCs); IL-1p, PDG-BF, VEGF, TNF-a, and PTH, which are shown to upregulate
expression of SDF-1, when administered to primary human osteoblasts (HOBs) mixed
marrow stromal cells (BMSCs), and human osteoblast-like cell lines (Bone, 2006, Apr;
38(4): 4977-508); thymosin 34, which was shown to upregulate expression when administered
to bone marrow cells (BMCs) (Curr. Pharm. Des. 2007; 13(31):3245-51; and hypoxia
inducible factor 1o (HIF-1), which was shown to upregulate expression of SDF-1 when
administered to bone marrow derived progenitor cells (Cardiovasc. Res. 2003, E. Pub.).
These agents can be used to treat specific wounds or injuries where such cells capable of
upregulating expression of SDF-1 with respect to the specific cytokine are present or
administered.

[0050] One method of introducing the agent into a target cell involves using gene
therapy. Gene therapy in accordance with the present invention can be used to express SDEF-
| protein from a target cell in vivo or 1n vitro.

[0051] In an aspect of the invention, the gene therapy can use a vector including a

nucleotide encoding an SDF-1 protein. A *“vector” (sometimes referred to as gene delivery or
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gene transter “vehicle™) refers to a macromolecule or complex of molecules comprising a
polynucleotide to be delivered to a target cell, either 1n vitro or in vivo. The polynucleotide
to be delivered may comprise a coding sequence of interest in gene therapy. Vectors include,
for example, viral vectors (such as adenoviruses (" Ad"), adeno-associated viruses (AAV), and
retroviruses), liposomes and other lipid-containing complexes, and other macromolecular
complexes capable of mediating delivery of a polynucleotide to a target cell.

[0052] Vectors can also comprise other components or functionalities that further
modulate gene delivery and/or gene expression, or that otherwise provide beneficial
properties to the targeted cells. 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 uptake of the vector nucleic acid by the
cell; components that influence localization of the polynucleotide within the cell after uptake
(such as agents mediating nuclear localization); and components that influence expression of
the polynucleotide. Such components also might include markers, such as detectable and/or
selectable markers that can be used to detect or select for cells that have taken up and are
expressing the nucleic acid delivered by the vector. Such components 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 vectors can be modified to provide such
functionalities.

[0053] Selectable markers can be positive, negative or bifunctional. Positive selectable
markers allow selection for cells carrying the marker, whereas negative selectable markers
allow cells carrying the marker to be selectively eliminated. A variety of such marker genes
have been described, including bifunctional (1.e. positive/negative) markers (see, e.g., Lupton,
S., WO 92/08796, published May 29, 1992; and Lupton, S., WO 94/28143, published Dec. 8,
1994). Such marker genes can provide an added measure of control that can be advantageous
in gene therapy contexts. A large variety of such vectors are known 1n the art and are
generally available.

[0054] Vectors for use in the present invention include viral vectors, lipid based vectors
and other non-viral vectors that are capable of delivering a nucleotide according to the
present invention to the target cells. The vector can be a targeted vector, especially a targeted

vector that preterentially binds to cells of proximate the wound. Viral vectors for use in the
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invention can include those that exhibit low toxicity to a target cell and induce production of
therapeutically useful quantities of SDF-1 protein in a tissue-specific manner.

[0055] Examples of viral vectors are those derived from adenovirus (Ad) or
adeno-associated virus (AAV). Both human and non-human viral vectors can be used and
the recombinant viral vector can be replication-defective in humans. Where the vector 1s

an adenovirus, the vector can comprise a polynucleotide having a promoter operably linked to
a gene encoding the SDF-1 protein and is replication-defective in humans.

[0056] Other viral vectors that can be use 1n accordance with the present invention
include herpes simplex virus (HSV)-based vectors. HSV vectors deleted of one or more
immediate early genes (IE) are advantageous because they are generally non-cytotoxic,
persist 1n a state siumilar to latency 1n the target cell, and atford efficient target cell
transduction. Recombinant HSV vectors can incorporate approximately 30 kb of
heterologous nucleic acid.

[0057] Retroviruses, such as C-type retroviruses and lentiviruses, might also be used in
the invention. For example, retroviral vectors may be based on murine leukemia virus
(MLYV). See, e.g., Hu and Pathak, Pharmacol. Rev. 52:493-511, 2000 and Fong et al., Crit.
Rev. Ther. Drug Carrier Syst. 17:1-60, 2000. MLV-based vectors may contain up to 8 kb of

heterologous (therapeutic) DNA 1n place of the viral genes. The heterologous DNA may
include a tissue-specific promoter and an SDF-1 nucleic acid. In methods of delivery to cells
proximate the wound, it may also encode a ligand to a tissue specific receptor.

[0058] Additional retroviral vectors that might be used are replication-defective
lentivirus-based vectors, including human immunodeficiency (HIV)-based vectors. See, e.g.,
Vigna and Naldini, J. Gene Med. 5:308-316, 2000 and Miyoshi et al., J. Virol. 72:8150-8157,
1998. Lentiviral vectors are advantageous in that they are capable of infecting both actively
dividing and non-dividing cells. They are also highly efficient at transducing human
epithelial cells.

[0059] Lentiviral vectors for use in the invention may be derived from human and non-
human (including SIV) lentiviruses. Examples of lentiviral vectors include nucleic acid
sequences required for vector propagation as well as a tissue-specific promoter operably
linked to a SDF-1 gene. These former may include the viral L'TRs, a primer binding site, a

polypurine tract, att sites, and an encapsidation site.
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[0060] A lentiviral vector may be packaged into any suitable lentiviral capsid. The
substitution of one particle protein with another from a different virus 1s referred to as
“pseudotyping”. The vector capsid may contain viral envelope proteins from other viruses,
including murine leukemia virus (MLV) or vesicular stomatitis virus (VSV). The use of the
VSV G-protein yields a high vector titer and results in greater stability of the vector virus
particles.

[0061] Alphavirus-based vectors, such as those made from semliki forest virus (SFV) and
sindbis virus (SIN), might also be used in the invention. Use of alphaviruses is described in
Lundstrom, K., Intervirology 43:247-257, 2000 and Perr1 et al., Journal of Virology
74:9802-9307, 2000.

[0062] Recombinant, replication-defective alphavirus vectors are advantageous because
they are capable of high-level heterologous (therapeutic) gene expression, and can infect a
wide target cell range. Alphavirus replicons may be targeted to specific cell types by
displaying on their virion surface a functional heterologous ligand or binding domain that
would allow selective binding to target cells expressing a cognate binding partner.
Alphavirus replicons may establish latency, and therefore long-term heterologous nucleic
acid expression in a target cell. The replicons may also exhibit transient heterologous nucleic
acid expression in the target cell.

[0063] In many of the viral vectors compatible with methods of the invention, more than
one promoter can be included in the vector to allow more than one heterologous gene to be
expressed by the vector. Further, the vector can comprise a sequence which encodes a signal
peptide or other moiety which facilitates the secretion of a SDF-1 gene product from the
target cell.

[0064 ] To combine advantageous properties of two viral vector systems, hybrid viral
vectors may be used to deliver a SDF-1 nucleic acid to a target tissue. Standard techniques
for the construction of hybrid vectors are well-known to those skilled in the art. Such
techniques can be found, for example, in Sambrook, et al., In Molecular Cloning: A
laboratory manual. Cold Spring Harbor, N.Y. or any number of laboratory manuals that
discuss recombinant DNA technology. Double-stranded AAV genomes 1n adenoviral capsids
containing a combination of AAV and adenoviral ITRs may be used to transduce cells. In
another variation, an AAYV vector may be placed into a “gutless”, “helper-dependent”™ or

“high-capacity” adenoviral vector. Adenovirus/AAYV hybrid vectors are discussed 1n Lieber
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et al., J. Virol. 73:9314-9324, 1999. Retrovirus/adenovirus hybrid vectors are discussed in
Zheng et al., Nature Biotechnol. 18:176-186, 2000. Retroviral genomes contained within an
adenovirus may integrate within the target cell genome and etfect stable SDF-1 gene
expression.

[0065] Other nucleotide sequence elements which facilitate expression of the SDF-1 gene
and cloning of the vector are further contemplated. For example, the presence of enhancers
upstream of the promoter or terminators downstream of the coding region, for example, can
facilitate expression.

[0066] In accordance with another aspect of the present invention, a tissue-specific
promoter, can be fused to a SDF-1 gene. By fusing such tissue specific promoter within the
adenoviral construct, transgene expression is limited to a particular tissue. The etficacy of
gene expression and degree of specificity provided by tissue specific promoters can be
determined, using the recombinant adenoviral system of the present invention.

[0067] In addition to viral vector-based methods, non-viral methods may also be used to
introduce a SDF-1 nucleic acid into a target cell. A review of non-viral methods of gene
delivery 1s provided in Nishikawa and Huang, Human Gene Ther. 12:861-870, 2001. An
example of a non-viral gene delivery method according to the invention employs plasmid
DNA to introduce a SDF-1 nucleic acid into a cell. Plasmid-based gene delivery methods are
generally known 1n the art.

[0068] Synthetic gene transfer molecules can be designed to form multimolecular
aggregates with plasmid DNA. These aggregates can be designed to bind to a target cell.
Cationic amphiphiles, including lipopolyamines and cationic lipids, may be used to provide
receptor-independent SDF-1 nucleic acid transfer into target cells (e.g., cardiomyocytes). In
addition, preformed cationic liposomes or cationic lipids may be mixed with plasmid DNA to
generate cell-transfecting complexes. Methods involving cationic lipid formulations are
reviewed in Felgner et al., Ann. N.Y. Acad. Sci. 772:126-139, 1995 and Lasic and
Templeton, Adv. Drug Delivery Rev. 20:221-266, 1996. For gene delivery, DNA may also
be coupled to an amphipathic cationic peptide (Fominaya et al., J. Gene Med. 2:455<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>