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TITLE OF THE INVENTION

USE OF NUCLEIC ACIDS WITH REDUCED PRESSURE THERAPY

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No. 61/049,283,

filed April 30, 2008, incorporated by reference.

BACKGROUND OF THE INVENTION
1.

Field of the Invention

The present invention relates generally to tissue treatment systems and in

[0001]

particular to use of nucleic acids with reduced pressure therapy for the treatment of wounds.
2.

Description of Related Art

[0002]

Clinical studies and practice have shown that providing a reduced pressure in

proximity to a tissue site augments and accelerates the growth of new tissue at the tissue site.
The applications of this phenomenon are numerous, but application of reduced pressure has

been particularly successful in treating wounds. This treatment (frequently referred to in the
medical community as "negative pressure wound therapy," "reduced pressure therapy,"

"subatmospheric pressure therapy," "vacuum sealing therapy" or "vacuum therapy") provides
a number of benefits, including faster healing and increased formulation of granulation tissue.
Typically, reduced pressure is applied to tissue through a porous pad or other manifolding
device. The porous pad contains pores (also called "cells") that are capable of distributing

reduced pressure to the tissue and channeling fluids that are drawn from the tissue. The

porous pad often is incorporated into a dressing having other components that facilitate
treatment.
[0003]

Wound healing may be broadly split into three overlapping basic phases:

inflammation, proliferation, and maturation. The inflammatory phase is characterized by

hemostasis and inflammation. The next phase consists mainly of epithelialization,
angiogenesis, granulation tissue formation, and collagen deposition. The final phase includes

maturation and remodeling. The complexity of the three step wound healing process is
augmented by the influence of local factors such as ischemia, edema, and infection, as well as
systemic factors such as diabetes, age, hypothyroidism, malnutrition, and obesity. The rate

limiting step of wound healing, however, is often angiogenesis. Wound angiogenesis is

marked by endothelial cell migration and capillary formation where the sprouting of
capillaries into the wound bed is critical to support the regenerating tissue. The granulation

phase and tissue deposition require nutrients supplied by the capillaries. Impairments in

wound angiogenesis therefore may lead to chronic problem wounds.
[0004]

Expression of the angiogenic phenotype is a complex process that requires a

number of cellular and molecular events to occur in sequential steps. Some of these activities
include endothelial cell proliferation, degradation of surrounding basement membrane,

migration of endothelial cells through the connective tissue stroma, formation of tube-like
structures, and maturation of endothelial-lined tubes into new blood vessels. Angiogenesis is

controlled by positive and negative regulators. In addition to endothelial cells, cells associated
with tissue repair, such as platelets, monocytes, and macrophages, release angiogenic growth
factors such as vascular endothelial growth factor (VEGF) into injured sites that initiate

angiogenesis.
[0005]

There are currently several methods used to augment wound healing, including

irrigating the wound to remove toxins and bacteria, local and systemic administration of

antibiotics and anesthetics, and local application of growth factors. One of the most successful
ways to promote wound healing in soft tissue wounds that are slow to heal or non-healing is

reduced pressure therapy, discussed above.
[0006]

Although reduced pressure therapy is highly successful in the promotion of

wound healing, healing wounds that were previously thought largely unbeatable remains
difficult. Because the inflammatory process is very unique to the individual, even addition of

reduced pressure therapy may not result in a fast enough response for adequate healing. Thus,
the wound healing process can be very slow and laborious, which can be inconvenient to the
patient and sometimes costly. Thus, it is desirable to find ways to augment reduced pressure
therapy to decrease the time that reduced pressure therapy is needed.

SUMMARY OF THE INVENTION
[0007]

The problems presented by existing wound healing regimes are solved by the

systems and methods of the illustrative embodiments described herein. In one embodiment, a

method of treating a wound site is provided and includes applying a nucleic acid that promotes
wound healing to the wound site, and applying a reduced pressure to the wound site.
[0008]

In another embodiment, a system for treating a wound at a wound site is

provided and includes a distribution manifold; a reduced pressure source fluidly connected to

said distribution manifold to deliver reduced pressure to the wound site; and a nucleic acid
source fluidly connected to said distribution manifold to deliver nucleic acid to the wound site

sufficient to treat the wound.
[0009]

In still another embodiment, a use of reduced pressure and a nucleic acid is

provided that includes their use for treatment of a wound site.
[0010]

In an additional embodiment, a use of a nucleic acid is provided for the

manufacture of a medicament for treating a wound site that is undergoing reduced pressure
treatment.
[0011]

Other objects, features, and advantages of the illustrative embodiments will

become apparent with reference to the drawings and detailed description that follow.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

FIG. 1 is an illustration in accordance with some embodiments of the invention,

showing the administration of nucleic acids or other appropriate compounds during reduced
pressure therapy.
[0013]

FIG. 2 is a Venn diagram of overlapping lists (p<0.05) of genes whose

expression during wound healing was altered by V.A.C. ® Therapy (V.A.C. ®), moist wound
healing (MWH), and gauze under suction (GUS).
[0014]

FIG. 3 is a graph showing wound area measurements between the three

different wound healing modalities of V.A.C.® Therapy (V.A.C.®), moist wound healing
(MWH), and gauze under suction (GUS). Values are expressed as Mean % ±SEM. Percent
change represents the average closure rate ± standard deviation. V.A.C.® had significantly

greater decrease in wound area than the other two modalities; whereas GUS caused an increase
in wound area. V.A.C. ® was statistically significant (p<0.05) over MWH and GUS as

represented by the asterisk (*).

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
[0015]

In the following detailed description of the illustrative embodiments, reference

is made to the accompanying drawings that form a part hereof. These embodiments are

described in sufficient detail to enable those skilled in the art to practice the invention, and it is

understood that other embodiments may be utilized and that logical structural, mechanical,
electrical, biological, genetic, and chemical changes may be made without departing from the

spirit or scope of the invention. To avoid detail not necessary to enable those skilled in the art
to practice the embodiments described herein, the description may omit certain information

known to those skilled in the art. The following detailed description is, therefore, not to be
taken in a limiting sense, and the scope of the illustrative embodiments are defined only by the
appended claims.
[0016]

The illustrative embodiments described herein are directed to a system and

method for applying reduced pressure at a tissue site. Reduced pressure generally refers to a
pressure less than the ambient pressure at a tissue site that is being subjected to treatment. In
most cases, this reduced pressure will be less than the atmospheric pressure of the location at
which the patient is located. Although the terms "vacuum" and "negative pressure" may be
used to describe the pressure applied to the tissue site, the actual pressure applied to the tissue
site may be significantly less than the pressure normally associated with a complete vacuum.

Consistent with this nomenclature, an increase in reduced pressure or vacuum pressure refers
to a relative reduction of absolute pressure, while a decrease in reduced pressure or vacuum
pressure refers to a relative increase of absolute pressure.
[0017]

In one embodiment, a method of treating a wound site is provided and includes

applying a nucleic acid that promotes wound healing to the wound site, and applying a
reduced pressure to the wound site.
[0018]

Generally, a wound site is a wound or defect located on or within any tissue,

including but not limited to, bone tissue, adipose tissue, muscle tissue, neural tissue, dermal
tissue, vascular tissue, connective tissue, cartilage, tendons or ligaments. A wound site may
also be any tissue that is not necessarily wounded or defected, but instead is an area in which it
is desired to add or promote growth of additional tissue.
[0019]

In some embodiments, the wound site comprises dermal tissue. In other

embodiments, the wound site comprises bone tissue. In additional embodiments, the wound
site comprises cartilage, tendon, ligament, nerve tissue, or adipose tissue.
[0020]

It is contemplated that one with skill in the art may use any cell transfection

technique to assist the entry of the nucleic acid into the cells at the wound site, depending
upon the type and shape of the wound site to be treated. In some embodiments, lipofection is
used to deliver the nucleic acid to the cell. In other embodiments, the method of cell
transfection includes transfection reagents such as calcium phosphate, liposomes,
Lipfectamine, Fugene, jetPEI, highly branched organic compounds such as dendimers, or
DreamFect. Alternative techniques of cell transfection include electroporation, microinjection,
biolistics, heat shock, magnetofection, and nucleofection. The use of viral vectors comprising
the nucleic acid also generally facilitate uptake of the nucleic acid, as is known in the art. In

some methods, transfection reagents such as Lipfectamine, Fugene, jetPEI or DreamFect are

used to promote the entry of the viral vectors into the cell.
[0021]

The nucleic acids discussed in the instant invention are at least two nucleotides

covalently linked together. Many variants of a nucleic acid may be used for the same purpose
as a given nucleic acid. Thus, a nucleic acid also encompasses substantially identical nucleic

acids and complements thereof. Nucleic acids may be single stranded or double stranded, or

may contain portions of both double stranded and single stranded sequence. A nucleic acid
may be DNA (e.g., genomic or cDNA), RNA, or a hybrid, where the nucleic acid may contain
combinations of deoxyribo- and ribo-nucleotides, and combinations of bases including uracil,
adenine, thymine, cytosine, guanine, inosine, xanthine, hypoxanthine, isocytosine and
isoguanine. Nucleic acids may be obtained by chemical synthesis methods or by recombinant

methods. The nucleic acids also include nucleic acid analogs that may have at least one
different linkage, e.g., phosphoramidate, phosphorothioate, phosphorodithioate, or Omethylphosphoroamidite linkages. Other analog nucleic acids include those with positive
backbones, non-ionic backbones, and non-ribose backbones. Nucleic acids containing one or
more non-naturally occurring or modified nucleotide are also included within one definition of
nucleic acids. The modified nucleotide analog may be located for example at the 5'-end and/or
the 3'-end of the nucleic acid molecule. Representative examples of nucleotide analogs may
be selected from sugar- or backbone-modified ribonucleotides. It should be noted, however,

that nucleobase-modified ribonucleotides are also suitable. Examples of such ribonucleotides
include: ribonucleotides containing a non-naturally occurring nucleobase instead of a naturally

occurring nucleobase, such as uridines or cytidines modified at the 5-position, e.g. 5-(2amino)propyl uridine, 5-bromo uridine; adenosines and guanosines modified at the 8-position,
e.g. 8-bromo guanosine; deaza nucleotides, e.g. 7-deaza-adenosine; and O- and N-alkylated

nucleotides, e.g. N6-methyl adenosine. Modifications of the ribose-phosphate backbone may
be done for a variety of reasons, e.g., to increase the stability and half-life of such molecules in

physiological environments. Mixtures of naturally occurring nucleic acids and analogs may
also be made; alternatively, mixtures of different nucleic acid analogs, and mixtures of

naturally occurring nucleic acids and analogs may be made.
[0022]

It is contemplated that, for many embodiments, the nucleic acid encodes a

protein that promotes wound healing. For these embodiments, the nucleic acid is a form such
that it could be transcribed and possibly translated by the cells in the wound site. For this
purpose, the nucleic acid must be operably linked to control elements (e.g., a promoter, poly-A
tail, Kozak sequence, enhancer, targeting sequence, termination elements) that directs

expression of the protein when the nucleic acid is inside a cell in the wound site. Methods for
preparing such nucleic acid constructs are known in the art.
[0023]

Where the nucleic acid encodes a protein, the protein can be naturally occurring

or it can be an artificial protein that does not exist in nature. The naturally occurring protein
can be from any source, including any eukaryotic, prokaryotic, or archaeal source. Where the

nucleic acid is used for wound healing in a mammal, it is preferred that the protein is a
mammalian protein, most preferably from the same species as the mammal. For example, if
the nucleic acid is used on a wound site of a human, it is preferred that a protein encoded by
the nucleic acid is a human protein.
[0024]

The nucleic acid can be part of a vector that facilitates uptake and transcription

of the nucleic acid. Non-limiting examples of such vectors are naked DNA vectors, plasmids,
cosmids, and viruses, for example, retroviruses and adenoviruses.
[0025]

In some embodiments, the nucleic acid encodes a structural protein. Non-

limiting examples of useful structural proteins are collagen, fibronectin, elastin and laminin.
In other embodiments, the nucleic acid encodes an enzyme, for example Tie-1 , Tie-2 or HIFl α.
[0026]

In additional embodiments, the nucleic acid encodes a cytokine. Any cytokine

that promotes wound healing can be utilized. Preferred examples include a fibroblast growth
factor (FGF), a vascular endothelial growth factor (VEGF), a platelet derived growth factor
(PDGF), a transforming growth factor- β (TGF β), a TGF α, a stem cell factor (SCF), an

angiopoietin 1 (Angl), an epidermal growth factor (EGF), an interleukin, an insulin-like
growth factor (IGF), a laminin, a hepatocyte growth factor (HGF), an adrenomedullin, a
keratinocyte growth factor (KGF), a bone morphogenic protein (BMP), a cartilage derived
morphogenic protein (CDMP), or a placental growth factor (PIGF). (US Patent Publication
20070191273A1; Zhou et al, 2004; Wu et al, 1996; Kim et al, 2005; Reddi, 2003). In some
aspects, the cytokine is angiogenic. Non-limiting examples of angiogenic cytokines are bFGF,

VEGF-A, TGF- β, SCF, Angl, laminin-8, HGF, adrenomedullin, and PIGF.
[0027]

The nucleic acid can also encode an enzyme inhibitor, for example a tissue

inhibitor of metalloproteinase. Alternatively, the nucleic acid can encode a cell surface
receptor, for example an integrin (PCT Patent Publication WO9954456A1). In additional
embodiments, the nucleic acid encodes a transcription factor. Non-limiting examples of useful
transcription factors for these embodiments include HoxD3, hypoxia-inducible factor- l α (HIFl α), and Net.

[0028]

The Example below describes a global gene expression analysis that identified

genes that were differentially expressed during wound healing under reduced pressure.

Notably, several genes were identified with significantly increased expression during wound
healing under reduced pressure and that likely contribute to wound healing. It is contemplated
that those genes are particularly useful as the nucleic acids in the present invention. Thus, in
some embodiments, the nucleic acid encodes a protein that increases expression in response to

reduced pressure treatment of the wound site. Examples of these proteins are interleukin 6
(IL-6), chemokine ligand 7 (Ccl7), tissue inhibitor of metalloproteinase 1 (TIMPl), integrin
alpha M (Itgam), suppressor of cytokine signaling 3 (Socs3), matrix metalloproteinase-8
(MMP-8), macrophage inflammatory protein- 1 alpha receptor (MIPl), toll like receptor 1
(TLRl), tumor necrosis factor receptor superfamily member Ib (Tnfrsflb), heat shock protein
70 (Hsp70), calmodulin-like 3, and keratin complex 1 acidic 14 (Krtl-14).
[0029]

The nucleic acid used in these methods can also specifically inhibit expression

of a protein that inhibits wound healing. Non-limiting examples of proteins that inhibit wound
healing are small mothers against decapentaplegic homolog 3 (Smad3), vascular endothelial
growth factor receptor 1 (VEGFRl), VEGFR2, VEGFR3, connexin, and myostatin (U.S.
Patent Publication 200701 9 1273 Al; PCT Patent Publications WO06083182A1 and
WO06134494; Jazag et al., 2005; Franz et al., 2005).
[0030]

In some aspects of these embodiments, the nucleic acid is an antisense nucleic

acid specific to an mRNA encoding the protein. Production of such an antisense nucleic acid
for any protein target is within the skill of the art.
[0031]

The nucleic acid for these embodiments can also be a ribozyme specific to an

mRNA encoding the protein. Ribozymes that inhibit expression of any protein that inhibits
wound healing can be made by a skilled artisan without undue experimentation.
[0032]

In additional aspects of these embodiments, the nucleic acid is an miRNA

specific to an mRNA encoding the protein that inhibits wound healing. As used herein,
miRNAs are small endogenously expressed noncoding RNAs that can interact with matching
mRNA and base pair to a portion of the mRNA, which results in either degradation of the
mRNA or suppression of translation. MiRNA can therefore act as regulators of cellular
development, differentiation, proliferation and apoptosis. MiRNAs can modulate gene
expression by either impeding mRNA translation, degrading complementary miRNAs, or
targeting genomic DNA for methylation. For example, miRNAs can modulate translation of
miRNA transcripts by binding to and thereby making such transcripts susceptible to nucleases
that recognize and cleave double stranded RNAs.

[0033]

"MiRNA" includes short interfering nucleic acid (siNA), short interfering RNA

(siRNA), and short hairpin RNA (shRNA) molecules. An miRNA of the invention can be
unmodified or chemically-modified. An miRNA of the instant invention can also be
chemically synthesized, expressed from a vector, or enzymatically synthesized.
[0034]

Depending upon the embodiment, the miRNA of the instant invention may be

included in reagents and/or methods for a variety of therapeutic applications. The miRNA
may also be used for diagnostic and target validation applications. The miRNA nucleic acid
sequence must have sufficient substantial identity to the mRNA target site to achieve effective

inhibition of translation. The target sites in the mRNA may be in the 5' UTR, the 3' UTR or in
the coding region. In a preferred embodiment, the miRNA of the instant invention is specific

for mRNA to a specific cell type.
[0035]

While it is understood that the length of the miRNA used in accordance with

the invention may be any length which results in effective interaction of the nucleic acid to its

target, there are specific embodiments which set forth a preferred length. For example, in one
embodiment of the present invention, each sequence of an miRNA of the invention is
independently about 18 to about 24 nucleotides in length. In another embodiment, the miRNA
or miRNA inhibitor molecule is a duplex independently comprising about 17 to about 23
bases. In yet another embodiment, miRNA or miRNA inhibitor molecules comprise hairpin or
circular structures are about 35 to about 55 nucleotides in length.
[0036]

Naturally occurring miRNA has been implicated in playing a role in numerous

diseases and disorders. For example, miRNAs may play a role in diabetes and
neurodegeneration associated with Fragile X syndrome, cancer, spinal muscular atrophy, and
early on-set Parkinson's disease. Further, several miRNAs are virally encoded and expressed
in infected cells (e.g., EBV, HPV and HCV).
[0037]

In wound healing, VEGF and Tie-1 can apparently be inhibited by naturally

occurring miRNA (Shilo et at, 2007). An miRNA inhibitor that inhibits these naturally
occurring miRNAs is contemplated as within the scope of the nucleic acids of these methods.
The miRNA inhibitors used may be any nucleic acid sequences which can reduce or inhibit

production of a specific miRNA or inhibit binding of an miRNA to an miRNA-binding site.
Stability or persistence of the miRNA inhibitor will determine the length of the time that the
inhibitor is effective. Loss of the miRNA inhibitor results in increased production or
expression of the miRNA. In some embodiments, the miRNA inhibitors are antisense
molecules. In other embodiments, the miRNA inhibitor is an antisense miRNA
oligonucleotide containing 2'-OMe substitutions throughout, phosphorothioate linkages in the

first two 5' and last three 3' nucleotides, and a cholesterol moiety attached at the 3' end, known
as antagomirs (Krutzfeldt et ah, 2005).
[00381

Where the miRNA inhibitor is designed so that it directly hybridizes to the

miRNA, the miRNA inhibitor must be substantially identical to the miRNA. In one
embodiment, the miRNA inhibitor has at least about 70% sequence identity to the targeted
miRNA. In another embodiment, the miRNA inhibitor has at least about 80% sequence
identity to the targeted miRNA. In yet another embodiment, the miRNA inhibitor has at least
about 90% sequence identity to the targeted miRNA. In an additional embodiment, the
miRNA inhibitor has at least about 95% sequence identity to the targeted miRNA. In a further
embodiment, the miRNA inhibitor has 100% sequence identity to the targeted miRNA.
[0039]

The nucleic acid of the present methods can also be, or encode, an aptamer that

specifically binds and inhibits a protein that inhibits wound healing. See Bunka and Stockley,
2007 and PCT Patent Publication WO08042481A2.
[0040]

It is to be understood that the invention is not limited to any specific method of

delivering the nucleic acid to the wound site. In most embodiments, the nucleic acid is
delivered according to established procedures for providing an agent during reduced pressure
therapy. For example, the reduced pressure can be provided by an apparatus that comprises a
dressing, e.g., of foam or felt, that contacts the wound site. As such, in some embodiments,
the nucleic acid may be bound to at least part of the plane of the dressing that is placed
adjacent to the wound site. It is also contemplated that in some embodiments at least part of
the miRNA or miRNA inhibitor may be bound within the dressing such that it is not placed
against the wound site upon first application of the dressing adjacent to the wound site. The
binding of the miRNA or miRNA inhibitor should be sufficient to be stable under conditions
of binding, washing, analysis, and removal. The binding may be covalent or non-covalent.
Covalent bonds may be formed directly between the nucleic acid and the dressing, or may be
formed by a cross linker or by inclusion of a specific reactive group on either the solid support
or the probe or both molecules. Non-covalent binding may be one or more of electrostatic,
hydrophilic, and hydrophobic interactions, and covalent attachment by use of molecules such
as streptavidin, and use of a combination of covalent and non-covalent interactions.

[0041]

Further, the nucleic acid may be contained within a colloid, a foam, a liquid, a

slurry, a suspension, a viscous gel, a paste, a putty, or other viscous material placed within the
foam. The nucleic acid may also be in a colloid, foam, a liquid, a slurry, a suspension, a
viscous gel, a paste, a putty, or other viscous material that is applied to the wound site at
various intervals, e.g., via tubes.

[0042]

The dressing is a material that is inserted substantially into or on the wound

site. The dressing should be designed such that it encourages cell growth while possessing a

sufficient number of open pores or channels so that wound fluids may be drained and the
reduced pressure may continue unimpaired. In some embodiments, for example, the dressing
comprises a cell growth lattice, matrix, or scaffold.
[0043]

The dressing (e.g., foam or scaffold) may be made of any biocompatible or

bioinert material such as, for example, bioresorbable polymers, non-bioresorbable polymers
and fibrous growth-enhancing matricies. Suitable materials may include, but are not limited
to, one or more of the following: lactide, poly(lactide) (PLA), glycolide polymers,

poly(glycolic acid) (PGA), poly(lactide-co-glycolide) (PLGA), ethylene glycol/lactide
copolymers, polycaprolactone, polyhydroxybutyrate, polyurethanes, polyphosphazenes,
poly(ethylene glycol)-poly(lactide-co-glycolide) co-polymer, polyhydroxyacids (e.g.,
polyhydroxybutyrate and polyhydroxyvalerate), polycarbonates, polyamides, polyanhydrides,
polyamino acids, polyortho esters, polyacetals, degradable polycyanoacrylates,
polycarbonates, polyfumarates, degradable polyurethanes, proteins such as albumin, collagen,
fibrin, synthetic and natural polyamino acids, polysaccharides such as alginate, heparin, and
other naturally occurring biodegradable polymers of sugar units (e.g., glycosaminoglycans
such as polymers of hyaluronic acid).
[0044]

The dressing may be sized as to correspond to the size and shape of the wound

site. As such the dressing may be cut or trimmed, or alternatively manufactured, to best fit

within the wound site. When placed on a dermal wound, the wound site and dressing may be
covered by a drape. A drape is a material placed over a dressing in order to form an airtight
seal over the wound site when reduced pressure therapy is applied. As such, the drape should
be made of a material that, given the drape shape and thickness, can maintain the reduced

pressure at the wound site. Depending upon the specific needs of the wound site, the drape
may be liquid tight or simply reduce the transmission of all or only certain liquids. In some
embodiments, the drape should is impermeable, thus able to block or slow the transmission of
either liquids or gas. In other embodiments, the drape is made of a material which permits the
diffusion of water vapor but provides an air-tight enclosure. The drape will extend over the
surface of the wound site and foam and extend beyond the edges of the wound. The drape is

secured to the skin surface about the wound circumference by, for example, adhesive material.
The foam comprises at least one reduced pressure delivery tube that is connected to the foam.

Within the foam, the tubing is perforated by one or more holes. Outside of the foam, the
tubing is non-perforated and extends from the foam and out from the drape.

[0045]

The tubing may be made of any medical-grade tubing material, including

without limitation, paralyne-coated silicone or urethane. Further, the tubing may be coated
with agents to prevent the tubing adhesion to the wound. For example, the tubing may be
coated with heparin, anti-coagulants, anti-fibrinogens, anti-adherents, anti-thrombinogens
and/or hydrophilic substances. In some embodiments, the tubing may be used to remove
wound fluids, i.e., any interstitial liquid or flowable materials located at the wound site
including liquid that has exuded from the wound site tissue or its capillaries, from the wound
site.
[0046]

It is further contemplated that in some embodiments, the reduced pressure

source may be used to control the temperature, pressure, vital gas gradients (for example,

oxygen), osmotic forces, and oncotic forces. It is also contemplated that the system may
further contain additional fluids containing nutrients or pharmacological agents to apply to the
wound site.
[0047]

In one alternate embodiment, the foam comprises a scaffold, i.e., a three

dimensional porous structure used to enhance or promote the growth of cells and/or the
formation of tissues. The scaffold may be infused with, coated with, or comprised of, cells,
growth factors, or other nutrients that promote cell growth. The scaffold also may be used in
accordance with the embodiments described herein to administer reduced pressure tissue
treatment to a wound site.
[0048]

Referring to Figure 1, a reduced-pressure treatment system 100 for providing

reduced-pressure treatment to a tissue site 102, which may include a wound 104, of a patient is
shown according to an illustrative embodiment. The reduced-pressure treatment system 100
includes a reduced-pressure subsystem 106, a fluid supply subsystem 108, and a controller
110.
[0049]

The reduced-pressure subsystem 106 supplies reduced pressure to the tissue site

102, and includes a reduced-pressure source 112 that provides reduced pressure. The reduced-

pressure source 112 may be any device for supplying a reduced pressure, such as a vacuum
pump, wall suction, or other source. While the amount and nature of reduced pressure applied
to the tissue site 102 will typically vary according to the application, the reduced pressure will

typically be between -5 mm Hg and -500 mm Hg and more typically between -100 mm Hg
and -300 mm Hg. The reduced-pressure source 112 includes an exhaust port 113 for the
release of gas during operation of the reduced-pressure source 1 12.
[0050]

The reduced-pressure source 112 is fluidly coupled to a canister 114, or

reservoir, via conduit 116. The canister 114 is fluidly coupled to a protruding portion 118 of a

reduced-pressure connecting member 119 via conduit 120. The canister 114 receives exudates
or other fluids that are drawn from the wound 102 as a result of the reduced pressure applied
by the reduced-pressure subsystem 106. A filter or other device may be disposed at or near
the canister 114, such as at the junction between the canister 114 and the conduit 116, to
prevent exudate or other fluid from entering the reduced-pressure source 112.
[0051]

A portion 122 of the reduced-pressure connecting member 119 that is adjacent

the tissue site 102 is covered by a drape 124. The drape 124 helps to seal the tissue site 102 so
that a therapeutic reduced pressure can be applied and maintained at the tissue site 102. The
drape 124 may be any material that provides a pneumatic seal. The drape 124 may, for
example, be an impermeable or semi-permeable, elastomeric material that has pore sizes less
than about 20 microns. "Elastomeric" means having the properties of an elastomer. It
generally refers to a polymeric material that has rubber-like properties. More specifically,
most elastomers have elongation rates greater than 100% and a significant amount of
resilience. The resilience of a material refers to the material's ability to recover from an
elastic deformation. Examples of elastomers may include, but are not limited to, natural
rubbers, polyisoprene, styrene butadiene rubber, chloroprene rubber, polybutadiene, nitrile
rubber, butyl rubber, ethylene propylene rubber, ethylene propylene diene monomer,
chlorosulfonated polyethylene, polysulfide rubber, polyurethane, EVA film, co-polyester, and
silicones. Specific examples of drape materials include a silicone drape, 3M Tegaderm®
drape, acrylic drape such as one available from Avery Dennison, or an incise drape.
[0052]

An adhesive may be used to hold the drape 124 against the patient's epidermis

142 or another layer, such as a gasket or additional sealing member. The adhesive may take

numerous forms. For example, the adhesive may be a medically acceptable, pressure-sensitive
adhesive that extends about a periphery 144 of the drape 124.
[0053]

The fluid supply subsystem 108 supplies fluid to the tissue 102, and includes at

least two reservoirs 128 and 130. The first reservoir 128 holds a nucleic acid-containing fluid
132, and the second reservoir 130 includes a fluid 134. The fluid 134 in the second reservoir

130 may also include a nucleic acid, in which case the nucleic acid may be different from that

contained in the nucleic acid-containing fluid 132 in the first reservoir 128. In another
embodiment, the fluid supply subsystem 108 may include only one reservoir. The first and
second reservoirs 128, 130 are fluidly coupled to a fluid supply conduit 136 via secondary
fluid supply conduits 138 and 140, respectively. The fluid supply conduit 136 may be
perforated at the distal portion 137 to facilitate the release of fluid at the tissue site 102.

[0054]

The fluid supply subsystem 108 also includes a first valve 146 and a second

valve 148. The first and second valves 146, 148 are capable of opening and closing to allow
or prevent the flow of fluid 132, 134 from the first and second reservoirs 128, 130 through the
secondary fluid supply conduits 138, 140, respectively.
[0055]

Controller 1 10 includes a control system 150 and a pressure sensor 152, and

controls the operation of the reduced-pressure subsystem 106 and the fluid supply subsystem
108. Regarding the reduced-pressure subsystem 106, the controller 110 can direct the

reduced-pressure source 1 12 to apply a variable or a non-variable reduced pressure over time.
When applying the a variable reduced pressure, the controller 110 can measure the pressure at
the reduced-pressure source 112 or the tissue site 102 using the pressure sensor 152. The
pressure measured by the pressure sensor 152 can then be used by the control system 150 to
control the reduced pressure applied by the reduced-pressure source 1 12. For example, the
control system 150 can increase or decrease the reduced pressure applied by the reducedpressure source 112 to ensure that a therapeutic reduced pressure is maintained at the tissue
site 102. The control system 150 can also oscillate the reduced pressure applied by the

reduced-pressure source 112 and determine the optimum drive frequency based on the
pressure detected by the pressure sensor 152.
[0056]

The controller

10 also controls the release of the fluids, including the fluids

132, 134 in the first and second reservoirs 128, 130, into the tissue site 102 using the first and

second valves 146, 148. For example, the controller 110 can direct both of the valves 146, 148
to be open or closed, or can direct only one of the valves 146, 148 to be open while the other is
closed.
[0057]

The controller 110 can also coordinate the operations of the reduced-pressure

subsystem 106 and the fluid supply subsystem 108. For example, the controller 150 may
alternate between the application of reduced pressure by the reduced-pressure subsystem 106
and fluid by the fluid supply subsystem 108. By alternating between the application of
reduced pressure and fluid, the fluid, including any nucleic acid, is allowed to perform a
therapeutic function, including those described in the illustrative embodiments, before being
drawn into the canister 1 14 by the application of reduced pressure. The controller 110 is also
able to apply both reduced pressure and fluid simultaneously. In one embodiment, the fluid in
one or both of the reservoirs is motivated toward the tissue site 102 using the reduced pressure
generated by the reduced-pressure source 112 and maintained at the tissue site 102. In other
examples, the fluid from the fluid supply subsystem 108 may also be motivated toward the
tissue site 102 using gravity or a pump.

[0058]

A manifold 154 is insertable, and, in some cases, conformable, into the tissue

site 102 to distribute the reduced pressure or fluid that is applied to the tissue site 102. The
manifold 154 is a substance or structure that is provided to assist in applying reduced pressure
to, delivering fluids to, or removing fluids from the tissue site 102. The manifold 154
typically includes a plurality of flow channels or pathways that are interconnected to improve
distribution of fluids provided to and removed from the tissue site 102 around the manifold
154. The manifold 154 may be a biocompatible material that is capable of being placed in

contact with tissue site 102 and distributing reduced pressure to the tissue site 102. Examples
of manifolds 154 may include, for example, without limitation, devices that have structural
elements arranged to form flow channels, such as, for example, cellular foam, open-cell foam,
porous tissue collections, liquids, gels, and foams that include, or cure to include, flow
channels. The manifold 154 may be porous and may be made from foam, gauze, felted mat, or
any other material suited to a particular biological application. In one embodiment, the
manifold 154 is a porous foam and includes a plurality of interconnected cells or pores that act
as flow channels. The porous foam may be a polyurethane, open-cell, reticulated foam such as

GranuFoam® material manufactured by Kinetic Concepts, Incorporated of San Antonio,
Texas. Other embodiments might include "closed cells." These closed-cell portions of the
manifold may contain a plurality of cells, the majority of which are not fluidly connected to
adjacent cells. The closed cells may be selectively disposed in the manifold 154 to prevent
transmission of fluids through perimeter surfaces of the manifold 154. In some situations, the
manifold 154 may also be used to distribute fluids such as medications, antibacterials, growth
factors, and various solutions to the tissue site 102. Other layers may be included in or on the
manifold 154, such as absorptive materials, wicking materials, hydrophobic materials, and
hydrophilic materials.
[0059]

Different wound conditions may require different dosage regimens and

formulations of the nucleic acid. The practitioner may determine what exact nucleic acids go
into the treatment formulation, the treatment regimen, i.e., dosage and schedule of treatment.
These parameters will often depend upon the practitioner's experience with wound healing.
[0060]

It is also contemplated that in some embodiments the nucleic acids used would

depend upon the expression of RNA or miRNA nucleic acid sequences at the wound site of a
specific patient. The level of RNA or miRNA expression can be determined by whatever
means are convenient to one skilled in the art.
[0061]

Further, the practitioner may also use other therapeutics with the miRNA or

miRNA inhibitor treatment. For example, the practitioner may use various drugs that bind to

the receptors of which modulates expression or activity of a nucleic acid related to wound
healing. The practitioner may also treat the wound with additional factors that increase

endothelial growth and proliferation such as, for example, lactic acid. The practitioner may
also include other therapeutic treatments that increase wound healing, such as, for example,

use of nitric oxide at the wound to stimulate keratinocyte migration. The practitioner may also

add protective agents to the wound such as antibiotics.
[0062]

The application is also directed to a system for treating a wound site. The

system comprises a distribution manifold; a reduced pressure source fluidly connected to said

distribution manifold to deliver reduced pressure to the wound site; and a nucleic acid source
fluidly connected to said distribution manifold to deliver nucleic acid to the wound site
sufficient to treat the wound.
[0063]

In some embodiments of this system, the nucleic acid encodes a protein.

Where the nucleic acid encodes a protein, the nucleic acid can be operably linked to a control
element, e.g., a promoter, enhancer, etc., that directs expression of the protein when the
nucleic acid is inside a cell in the wound.
[0064]

In some aspects, the nucleic acid encodes a structural protein, for example a

collagen, a fibronectin, an elastin or a laminin. In other aspects, the nucleic acid encodes an
enzyme, for example a Tie-1, a Tie-2, a c-kit, or an HIF- l α.
[0065]

The nucleic acid can alternatively encode a cytokine. Non-limiting examples

include a fibroblast growth factor (FGF), a vascular endothelial growth factor (VEGF), a

platelet derived growth factor (PDGF), a transforming growth factor- β (TGF β), a TGF α, a
stem cell factor (SCF), an angiopoietin 1 (Angl), an epidermal growth factor (EGF), an

interleukin, an insulin-like growth factor (IGF), a laminin, a hepatocyte growth factor (HGF),
an adrenomedullin, a keratinocyte growth factor (KGF), a bone morphogenic protein (BMP),

a cartilage derived morphogenic protein (CDMP), and a placental growth factor (PIGF). In
some aspects, the cytokine is angiogenic. Examples of angiogenic cytokines are bFGF,

VEGF-A, TGF- β, SCF, Angl, laminin-8, HGF, adrenomedullin, and PIGF.
[0066]

The nucleic acid of this system can also encode an enzyme inhibitor. An

example of a useful enzyme inhibitor here is a tissue inhibitor of metalloproteinase.
[0067]

Further, the nucleic acid can encode a cell surface receptor, for example an

integrin. Also, the nucleic acid can encode a transcription factor, for example a HoxD3, a

hypoxia-inducible factor- l α (HIF- l α), or a Net.
[0068]

The nucleic acid can also encode a protein that increases expression in response

to reduced pressure treatment of the wound site. Examples include interleukin 6 (IL-6),

chemokine ligand 7 (Ccl7), tissue inhibitor of metalloproteanase 1 (TIMPl), integrin alpha M
(Itgam), suppressor of cytokine signaling 3 (Socs3), matrix metalloproteinase-8 (MMP-8),

macrophage inflammatory protein- 1 alpha receptor gene (MIPlR), toll like receptor 1 (TLRl),

tumor necrosis factor receptor superfamily member Ib (Tnfrsflb), heat shock protein 70
(Hsp70), calmodulin-like 3, and keratin complex 1 acidic gene 14 (Krtl-14), which were

identified in the work described in the Example
[0069]

In other embodiments of this system, the nucleic acid specifically inhibits

expression of a protein that inhibits wound healing. Non-limiting examples of proteins that
inhibit wound healing are small mothers against decapentaplegic homolog 3 (Smad3), vascular
endothelial growth factor receptor 1 (VEGFRl), VEGFR2, VEGFR3, connexin, and
myostatin.
[0070]

Where the nucleic acid inhibits expression of a protein that inhibits wound

healing, the nucleic acid can be an antisense nucleic acid specific to an mRNA encoding the

protein. Alternatively, the nucleic acid can be a ribozyme specific to an mRNA encoding the

protein, or an miRNA specific to an mRNA encoding the protein.
[0071]

The nucleic acid of the system can also inhibit a naturally occurring miRNA

that inhibits wound healing. Here, for example, the naturally occurring miRNA can inhibit
expression of VEGF.
[0072]

The nucleic acid of the system can also be an aptamer that specifically binds

and inhibits the protein that inhibits wound healing.
[0073]

As with the methods described above, the nucleic acid of this system can be

part of any appropriate vector. Preferred vectors include viral vectors and plasmids.
[0074]

This application is also directed to the use of reduced pressure and a nucleic

acid that promotes wound healing for treatment of a wound site. Additionally, the application
is directed to the use of a nucleic acid that promotes wound healing for the manufacture of a

medicament for treating a wound site that is undergoing reduced pressure treatment.

Example. Comparative analysis of global gene expression profiles between diabetic rat

wounds treated with vacuum assisted closure® therapy, moist wound healing, or gauze under

suction

Example Summary
[0075]

How differential gene expression affects wound healing is not well understood.

In this study, the Zucker Diabetic Fatty (fa/fa) male inbred rat was used to investigate gene
expression during wound healing in an impaired wound healing model. Whole genome

microarray surveys were used to gain insight into the biological pathways and healing
processes in acute excisional wounds treated with V.A.C.® Therapy, moist wound healing or
gauze under suction. Global gene expression analyses after two days of healing indicated

major differences with respect to both number of genes showing changes and pathway
regulation between the three different wound treatments. Statistical analysis of expression
profiles indicated that 5072 genes showed a greater than 1.6 fold change with V.A.C. ®
Therapy compared to 3601 genes with moist wound healing, and 3952 genes with gauze under
suction. Pathways and related genes associated with the early phases of wound healing

diverged between treatment groups. For example, pathways such as inflammation,
angiogenesis, and cytoskeletal regulation were associated with over expressed gene expression
following V.A.C. ® Therapy. This study is the first to assess wound healing via whole genome
interrogation in a diabetic rat model treated with different healing modalities.
Introduction
[0076]

Diabetes affects 246 million people worldwide and is expected to impact 380

million by 2025 (IDF, 2005a). In the United States alone, over 20.8 million people are known
to have diabetes (American Diabetes Association, 2007) and it is one of the most common
causes of non-traumatic lower extremity amputations due to non-healing wound complications

in Europe and the United States (Jeffcoate, 2005; Medina et al., 2005; IDF 5 2005b). In 2002,
about 82,000 non-traumatic, lower-limb amputations were performed on U.S. diabetic patients
secondary to wound complications due to impaired sensation and infection (Centers for
Disease Control, 2005). Foot ulceration is generally associated with peripheral neuropathy
and develops in about 15% of patients with diabetes (Medina et al., 2005; Brem et ah, 2006;
Andros et al., 2006). Since diabetic wounds are complex, proper wound bed preparation and
early intervention is essential to successful healing (Sharman, 2003). Research indicates that
67% of diabetic foot ulcers are unhealed after 20 weeks of care using standard wound healing

methods (Searle et al, 2005). Vacuum Assisted Closure ® Therapy is widely used in the
treatment of diabetic foot ulcers and has been clinically proven to prepare the wound bed for
closure in both acute and chronic wounds (Brem et ah, 2006; Andros et ah, 2006; Armstrong

et al., 2005; Venturi et al., 2006; Argenta and Morykwas, 1997). Gene signature changes
during V.A.C. ® Therapy are unknown and a "wound healing gene signature" has yet to be
defined.
[0077]

Wound healing may be classified into four overlapping phases: hemostasis,

inflammation, proliferation and remodeling (Diegelmann and Evans, 2004). Hemostasis starts
at the moment the tissue is injured and when blood moves into the site of injury. The

inflammation phase follows hemostasis whereby neutrophils and macrophages appear
initiating the phagocytotic processes with increased secretion of growth factors and
inflammatory cytokines, including tumor necrosis factor alpha (TNF- α) and interleukin 6
(Diegelmann and Evans, 2004; Schultz et al, 2005; Stadelmann et al, 1998). Neutrophils
also may help to activate fibroblasts and epithelial cells (Schultz et al, 2005; Li et al, 2003).
During the proliferation phase, fibroblasts migrate into the wound. They deposit new
extracellular matrix, stimulate protease inhibitor activity, promote angiogenesis, and release
cytokines such as interleukins, fibroblast growth factor, and TNF- α. In the remodeling phase,
the wound becomes re-epithelized, the extracellular matrix becomes cross-linked, and the
healed wound becomes less vascular.
[0078]

Microarray studies during the various phases of wound healing may provide

insight into gene expression patterns leading to the various events of the wound healing
cascade. Of interest are the early steps in wound healing such as the inflammatory phase

given that quick resolution will result in healing, whereas a delay or inability to resolve the
inflammatory response could lead to chronic ulceration as seen in diabetic patients (Schultz et

al, 2005). Chronic wounds with prolonged or non-resolving inflammation phases are
associated with increased levels of proteases such as matrix metallopeptidases which destroy
components of the extracellular matrix and damage growth factors and receptors needed for
healing (Id). Assessing trends in resolution of the inflammatory phase by way of up or down
regulation of particular genes could lead to the creation of improved treatment modalities.
[0079]

This study used whole genome survey microarrays and TaqMan quantitative

real-time PCR technologies to track changes in gene expression profiles during the early phase
of healing in Zucker Diabetic Fatty (ZDF) rats. It compares gene expression over the first two
days of healing using two different negative pressure wound therapy modalities and moist

wound healing as a control. The 48 hour time point was chosen to examine gene expression as
representative of the first dressing change during V.A.C. ® Therapy. This is the first study to
interrogate the entire genome by assessing differential gene expression during the early phase
of wound healing using three different wound treatment modalities: V.A.C. ® Therapy
(V.A.C.®), moist wound healing (MWH), or gauze under suction (GUS).
Methods
[0080]

Animals. Male ZDF rats were obtained from Charles River Laboratories

(Wilmington, MA) at 17-22 weeks of age. Male rats in this inbred strain develop noninsulindependent type 2 diabetes and are characterized by impaired wound healing (Clark et al.,
1983). Blood glucose levels were monitored using a glucometer (LifeScan, Inc./Johnson &

Johnson, Milpitas, CA) to verify the animals were diabetic (glucose levels 339 mg/dL - >600
mg/dL). Animals were housed individually, maintained at 22-24 0C with a 12 h light/dark
cycle, and allowed food and water ad libitum. All animal experiments were approved by the
University of Texas Health Science Center Institutional Animal Use and Care Committee. Six
animals were treated with V.A.C. ® Therapy (V.A.C. ®), six animals were treated with
Tegaderm™ (MWH), and four animals were treated with gauze under suction (GUS).
[0081]

Wound Creation and Area. The day of wound creation was designated day 0.

The hair on the dorso-lateral back was removed and one circular 3 cm diameter full thickness
wound was created on the mid-dorsum of each animal. Wound area was calculated using the
Visitrak grid system (Smith & Nephew, Inc. Largo, FL) at wound creation and end of
treatment on day 2.
[0082]

Treatment of Wounds. Wounds treated with V.A.C. ® Therapy were fitted with

a polyurethane dressing (V.A.C. ® GranuFoam ® Dressing, KCI, San Antonio, TX), and
covered with a polyurethane drape (V.A.C. ® Drape, KCI ) and a connector tubing (T.R.A.C. ®
Pad, KCI). The proximal end of the tubing was connected to a swivel mounted on the top of
the cage to allow the animals' free mobility and access to food and water. The swivel was in
turn connected to a V.A.C. ® Therapy ATS ® System (KCI) set to deliver continuous
subatmospheric pressure of -125 mmHg, the common clinical setting.
[0083]

MWH treated wounds received Tegaderm™ Transparent Film Dressing (3M

Health Care, St. Paul, MN). This dressing was used as a baseline, untreated control. The
same style of connector tubing was placed on top of the MWH dressing so that all animals

received a comparable tethering device. This was done to control for stress to the back of the
animals due to the added weight of the tethering device.
[0084]

For GUS, 3x3 inch Aquaphor ™ Gauze (Smith & Nephew, Inc.) was cut to 3 cm

diameter and placed directly in the wound bed. The tip of a Jackson-Pratt™ (Cardinal Health,
Dublin, OH) drain was trimmed and the end was placed in the wound over the Aquaphor™. A
piece of double sided adhesive hydrogel was applied to the periwound tissue to anchor the
drain and to keep the dressing assembly from repositioning. The drain was covered with
approximately 4 layers of sterile gauze and then covered with an Opsite™ (Smith & Nephew,
Inc.) dressing to create a seal. The dressing assembly was connected to a swivel as previously

mentioned and the swivel was connected to a Versatile 1™ pump (BlueSky, Carlsbad, CA).
The pump was set at continuous suction of -75 mmHg, the common clinical setting used for
this therapy, and a handheld manometer (Omega, Stamford, CT) was used to monitor Versatile
1™ pressure.

[0085]

To control pain, all animals received approximately 0.04 mg/kg buprenorphine

twice daily as determined by the attending veterinarian during the first 24-48 hours post
wounding. After all experiments were completed, rats were euthanatized by exsanguination.
[0086]

Tissue samples. On the day of wound creation, a portion of the non-wounded

skin was quickly placed into RNAlater ® (Ambion, Austin, TX) and stored at -20 0C for
subsequent preparation of total RNA. At the conclusion of the experiment on day 2, wounded
tissue was quickly removed and stored in RNAlater ® at -20 0C . Total RNA was isolated from

tissue using TRIzol ® (Invitrogen, Carlsbad, CA) with modifications to remove DNA using
RNeasy columns and a DNase I Kit (Qiagen, Valencia, CA). RNA was stored at -80 0C in
nuclease-free H2O (Qiagen). Quality and quantity of RNA was determined using an Experion
Automated Electrophoresis system (Bio-Rad, Hercules, CA) and the same samples were
divided into aliquots for microarray and TaqMan ® quantitative real-time PCR analysis
(Applied Biosystems, Foster City, CA).
[0087]

Microarrav. In this study, data from six biological replicates for V.A.C. ® and

MWH and four biological replicates for GUS for a total of 32 microarrays were compared.
Gene expression profiles were generated using the Applied Biosystems Rat Genome Survey

Microarray. Each microarray contains approximately 28,000 features that include a set of
about 1,000 controls. Each microarray uses 26,857 60-mer oligonucleotide probes designed
against 27,088 genes covering 43,508 transcripts.
[0088]

Nucleic acid labeling and raw microarray data generation were carried out at

the Vanderbilt Microarray Shared Resource (http://array.mc.vanderbilt.edu/). Prior to

amplification and labeling, the quality and quantity of total RNA isolated from tissues was
determined using the Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA).
Briefly, 750 ng of total RNA was used to transcribe DIG-labeled cRNA using the Applied
Biosystems NanoAmp™ RT-IVT Kit. Ten micrograms of DIG-labeled cRNA was hybridized
onto the rat microarrays. Microarray processing, chemiluminescence detection, imaging, auto

gridding, and image analysis were performed according to manufacturer's protocols and the
AB 1700 Chemiluminescent Microarray Analyzer Software v. 1.0.3. Raw data were analyzed

using the ABarray data analysis package (bioconductor.org). Probe signal intensities across
microarrays were normalized using the quantile method (Bolstad et al. , 2003). Features with
signal/noise values >3 and quality flag values <5,000 were considered detected and were

compared by Mest using a fold change > 1.6, a Benjamini and Hochberg False Discovery Rate
(FDR) of <0.05 (Benjamini and Hochberg, 1993), and/or a p-value of O.05. Lists of

differentially expressed genes were then classified using the PANTHER ™ database

(pantherdb.org) (Thomas et al, 2003; 2006). Fold change values were calculated by dividing
day 2 (wound) values by day zero (unwounded) values.
[0089]

Validation using TaqMan ®-based Quantitative Real-Time PCR Gene

Expression Assays. Validation of the microarray data was performed by quantitative real-time
PCR. Approximately 1 µg of total RNA of each sample per 100 µl reaction was used to
generate cDNA using the High Capacity cDNA Reverse Transcription Kit (Applied
Biosystems). The TaqMan ® assays for the FAM™ labeled gene of interest was duplexed with
the VIC ® labeled 185 RNA endogenous control assay using a 7500 Fast real-time PCR system
(Applied Biosystems). For each sample, three technical replicates per gene were run in a 96well format plate. On each plate, a no-template-control was also run in triplicate. Relative
quantification analysis was performed using SDS software v. 1.3.1 (Applied Biosystems).
Results
[0090]

Global Gene Expression. Microarray-generated global gene expression profiles

detected an average of 14,559 probes in V.A.C. ® treated samples. This compares to averages
of 14,543 and 13,681 probes in MWH and GUS respectively. Genes based on expression
levels (1.0 - 4.0 fold change) demonstrated that expression levels within a treatment group are
consistent; gene expression levels for V.A.C. ® samples group together tightly and this was
also observed in the other treatment groups as well using quantile normalized expression and

hierarchical clustering (data not shown). Using a p value cut off of <0. 05, 5072 genes were
found to be differentially expressed (either up or down regulated) with a fold change greater
than or equal to 1.6 over the two day treatment with V.A.C. ® Therapy (Table 1). In
comparison, 3601 genes were significantly differentially expressed for wounds treated with
MWH and 3952 genes were significantly differentially expressed in wounds treated with GUS.
[0091]

There were approximately 28% and 41% more genes up and downregulated

following V.A.C. ® than GUS treatment and MWH treatment, respectively. Of the 2857
upregulated genes during the first 2 days of V.A.C. ® Therapy, 479 were upregulated more than
2 times for V.A.C. ® above GUS treatment and 249 were upregulated more than 2 times for
V.A.C. ® above MWH treatment. Conversely, of the 2342 genes upregulated following GUS
treatment, only 13 were upregulated more than 2 times following GUS than following
V.A.C ®. Of the 2053 genes upregulated during moist wound healing only 14 were
upregulated more than 2 times following MWH than following V.A.C ®.

Grand Total

5072

3601

3952

Table 1: Number of genes up (t) and down Q) regulated (p<0.05) in the three wound healing
treatment groups based on fold change (FC).

[0092]

PANTHER™ was used to classify the pathways represented by the

aforementioned genes. Genes in the following pathways were found to be significantly over
represented in all three treatment groups, with V.A.C. ® having the most genes showing
differential expression (summarized in Table 2): Inflammation mediated by chemokine and
cytokine signaling (V.A.C. ® 224 genes, MWH 176 genes, GUS 213 genes); integrin signaling
(V.A.C.® 177, MWH 125, GUS 155); B cell activation (V.A.C. ® 62, MWH 47, GUS 52);
interleukin signaling (V.A.C. ® 100, MWH 68, GUS 77); PDGF signaling (V.A.C. ® 129,
MWH 90, GUS 92); Cytoskeletal regulation by Rho GTPase (V.A.C. ® 82, MWH 58, GUS
70); and angiogenesis (V.A.C. ® 153, MWH 111, GUS 120). There were also pathways where

one or more treatment groups, either MWH or GUS, were not associated with significant gene

over representation. Those included pathways of oxidative stress response (V.A.C. ® 49,
MWH (not significant), GUS 38); G-protein signaling (V.A.C .® 90, MWH 69, GUS (not
significant); VEGF signaling (V.A.C. ® 53, MWH (not significant) GUS 48); FGF signaling
(V.A.C.® 74, MWH (not significant), GUS 59); pentose phosphate pathway (V.A.C. ® 16,
MWH (not significant), GUS (not significant); and apoptosis signaling (V.A.C. ® 85, MWH
(not significant), GUS 72).

Table 2 : Thirteen pathways of interest to wound healing expressed as number of genes
observed over genes expected (obs/exp) in PANTHER™ and showing significant gene over
representation following two days of treatment with either V.A.C. ® Therapy (V.A.C.®), moist
wound healing (MWH), or gauze under suction (GUS). Pathways with fold change greater or
equal to 1.6 and p values < 0.05 were used for analysis. Ratios which were not statistically

significant (p>0.05) are represented by number sign (#).

[0093]

Since V.A.C.® treatment improved and accelerated wound healing, genes

involved in the above pathways that have increased expression under V.A.C. ® would be
expected to benefit from transfection and expression of genes in those pathways into cells in
the wound tissue.
[0094]

Twelve genes of interest, based upon high fold change and including

representatives from the over-represented pathways previously mentioned, were examined
more closely for potential development of wound healing signatures. These genes along with
the signaling pathway represented and associated fold change are presented in Table 3. There
is a higher fold change for the majority of the genes in the V.A.C. ® Therapy group of both

upregulated and downregulated genes than in the other two treatment groups.

O

o
o

Table 3: Fold changes for the genes was calculated for each treatment group form microarray
(denoted by the M after the treatment group) and quantitative real-time PCR data (denoted by
the q after the treatment group). Ten upregulated and two downregulated genes (denoted by

negative numbers) are shown. Genes were selected based on either high fold change or fold
changes in one treatment group which were at least 2 times higher than for other treatment
groups. Differentially expressed genes with a p<0.05 were considered significant.

Global Gene Relationships. When genes were evaluated for unique expressors,

[0095]

it was found that V.A.C. ® was associated with differential expression of 1180 unique genes not
expressed in other treatment groups; 654 genes were unique to MWH and 161 1 genes were
unique to GUS (p<0.05) (FIG. 2). Analysis of relationships between groups for common

expressors showed that 864 genes were common to both V.A.C. ® and MWH treated wounds,
199 genes were common to both MWH and GUS treated wounds, and 1290 genes were

common to both V.A.C. ® and GUS treated wounds. There were also 2519 genes found to be
'common wound healing gene signatures' since these genes were common between all three
treatment groups.
Validation of Microarray Results. Microarray results were validated by

[0096]

quantitative real-time PCR analysis of 27 individual genes. These genes were chosen by
placing genes into a matrix to best represent all combinations in fold change bins from low
( 1 .0-1 .2),

medium ( 1 .2-4) and high (>4) and in expression levels from low, medium and high.

[0097]

There was a 90% correlation between microarray and quantitative real-time

PCR results. This percentage may be somewhat low due to the fact that certain selected
TaqMan® inventoried gene assays might not have covered all possible gene transcripts for the
gene of interest.
[0098]

Wound Healing Phenotvpe. Wound areas were measured on all animals over

the first two days of healing. V.A.C. ® treated animals had a significantly higher percentage

wound closure than did the other treatment groups (p<0.05; FIG. 3). Means of percentage
wound closure over the first 2 days of treatment were V.A.C. ® 14.0 ±1.6%, MWH 5.4 ±3.5%,
and GUS -4.3 ±2.6%. The GUS group wounds showed no significant closure during the first 2
days of therapy; on the contrary, wound sizes increased from day zero to day 2, which is

believed to be a direct effect of the therapy in this model.
Discussion
[0099]

Pathways. Analyzing gene expression patterns are crucial to understanding the

biology of wound healing, especially in the very early stages where it is not clearly understood

why some wounds heal while others become chronic. In the current study, the impact of three
treatment modalities (V.A.C. ®, MWH, and GUS) on gene expression during the early phases
of wound healing in diabetic ZDF rats was assessed. The analysis showed that a substantial
number of genes were differentially expressed over the first two days of healing with V.A.C. ®
Therapy. Differentially expressed genes following V.A.C. ® mapped to pathways differently
than for the other two modalities tested. Indeed, there were more pathways with significantly
over represented gene numbers following V.A.C. ® Therapy than for GUS or MWH.
[00100]

Overrepresentation of differentially expressed genes in pathways indicates that

the treatment is having a specific effect on certain pathways rather than arbitrarily affecting all
pathways in the same manner. The over represented pathways are of known importance to
wound healing. For example, inflammation, the second phase of wound healing, is
characterized initially by the infiltration of neutrophils and later by macrophage phagocytosis
of neutrophils (Meszaros et ah, 2000) and the release of platelet derived growth factor
(PDGF). PDGF, along with other factors, leads the wound from the inflammation phase and
into the proliferation phase of wound healing (Goldman, 2004; Harding et ah, 2002). As
shown in Table 2, V.A.C. ® Therapy resulted in a significant over representation (both up and
down regulated genes) of the inflammation pathway. This included inflammation mediated by
chemokine and cytokine signaling pathway, interleukin signaling, and PDGF signaling.
Interleukins are a class of cytokines and are important in the early stages of inflammation.
While inflammation is necessary for proper wound healing, resolution of the inflammatory
response in a timely manner is important to successful healing. Failure to resolve
inflammation in a timely fashion is associated with wound chronicity (Sibbald et al., 2003).
The inflammation pathway genes over represented included both inflammatory and anti¬
inflammatory genes. For example, suppressor of cytokine signaling 3 and 4, and IL-10 which
modulate inflammation were all upregulated.
[00101]

The third, or proliferative, phase of wound healing typically occurs from day 1

to day 30 and often peaks at day three following wounding in humans and is characterized by
the migration of fibroblasts into the wound (Diegelmann and Evans, 2004). Once in the
wound, fibroblasts proliferate and are also involved in the production of extracellular matrix to
help fill the wound with granulation tissue (Id.). Cell movement, including migration, is
associated with several different pathways including Rho GTPase and integrin mediated
pathways. In tissues treated with V.A.C. ® Therapy for 2 days, the cytoskeletal regulation by
Rho GTPase pathway was significantly over represented. V.A.C. ® treated wounds
differentially expressed 82 genes, MWH treated wounds differentially expressed 58 genes, and

GUS treated wounds differentially expressed 70 genes. This pathway affects cytoskeletal

elements such as actin and microtubules which enable cells to move and change shape. Also
important during the proliferative phase of wound healing is integrin signaling. Integrins
provide a mechanical connection between matrix components and are involved in the
transmission of a variety of cell communication signals important in pathways such as
angiogenesis and cell migration (Gailit and Clark, 1994; Katsumi et ah, 2005). As
mechanotransducers, integrins help to sense and transduce mechanical stresses, such as macroand microstrain. Both of these types of strain are imparted to tissues when negative pressure is

manifolded through GranuFoam ® Dressing during V.A.C. ® Therapy (Saxena et ah, 2004).
[00102]

Wound Healing Phenotype and Genes. Of clinical importance was the fact that

wound area over the first two days of treatment differed significantly between treatment
groups. The greatest reduction in wound area occurred in animals treated with V.A.C. , while

animals treated with GUS experienced an increase in wound area. The significant increase in
size in wounds from GUS treated animals may be due to the fact that GUS has a negative

impact on the early stages of wound healing in diabetic rats.
[00103]

A goal of this study was to identify a "wound healing gene signature". This is

of interest due to its potential as a prognostic indicator of successful wound healing.
[00104]

When looking at gene relationships, it is not necessarily the number of genes

which are most important, but rather how the patterns of uniquely expressed genes within a
treatment group, along with differential fold changes of shared genes, correlate to a strong
clinically relevant response. In the present study, this response is wound healing as assessed
by wound area. In V.A.C. ® treated animals, there was a large number of uniquely expressed

genes, as well as shared genes, with higher fold changes. This gene signature correlated with a

significantly greater decrease in wound area (FIG. 3). On the contrary, the uniquely expressed
genes following GUS were associated with an increase in wound size. For the V.A.C. ® treated
group, there must be a unique gene signature which caused the wound area to decrease

significantly by day 2 of healing.
[00105]

The twelve genes potentially important to wound healing were chosen from

pathways shown in Table 2, based on their higher fold changes in V.A.C. ® Therapy compared
to the other two groups. The gene targets selected were interleukin 6 (IL-6), chemokine ligand

7 (Ccl7), tissue inhibitor of metalloproteinase 1 (TIMPl), integrin alpha M (Itgam), suppressor
of cytokine signaling 3 (SocsJ), matrix metalloproteinase-8 (MMP-8), macrophage
inflammatory protein-1 alpha receptor gene (MIPlR), toll like receptor 1 (TLRl), tumor
necrosis factor receptor superfamily member Ib (Tnfrsflb), heat shock protein 70 (Hsp70),

calmodulin-like 3, and keratin complex 1 acidic gene 14 (Krtl-14) (Table 3). Each of these
genes is known to play a role in successful wound healing.

[00106]

Under subatmospheric pressure, the GranuFoam

® Dressing

used in V .A.C. ®

Therapy imparts both macrostrain and microstrain to tissue (Saxena et al, 2004). These
micromechanical forces have been associated with cellular responses such as cell signaling.
Recent research theorized that cells sense changes in their environment through expression of
integrins such as Itgam (Smith et al, 2007). As shown in Table 3, following V.A.C. ®
Therapy, Itgam exhibited a 72.3% higher fold change than following MWH and a 372.2%
higher fold change than following GUS.

[00107]

IL-6, MIPlR, toll like receptor 1, and Socs3 are representative of various

inflammatory pathways (as shown in Table 3) and are all associated with successful wound
healing (Gallucci et al, 2000; Rakoff-Nahoum et al, 2004; DiPietro et al, 2007; Goren et al,
2006). 11-6 is involved in growth and differentiation of cell types. It has been shown that IL6-knockout mice display significantly delayed cutaneous wound healing (Gallucci et al,
2000). It has also been shown that toll like receptor pathways can be activated by endogenous
inflammatory stimuli (Li et al, 2001). A function of toll receptors is one of epithelial
homeostasis and protection from epithelial injury. They may also directly induce the
expression of factors including heat shock proteins, IL-6, and tumor necrosis factor which are
involved in tissue repair and in protection of tissue from injury (Rakoff-Nahoum et ah, 2004).
Socs3 is a key modulator of cytokine signaling by proteins that attenuate signal transduction
(Goren et al., 2006). In the current study, microarray results for Socs3 show that the gene was
upregulated in V.A.C.

® Therapy

treated tissues 2.2 times higher than for MWH treated tissues

and 4.2 times higher than for gauze under suction. It has previously been observed that an
induction of Socs3 early upon skin injury provides a decrease in inflammatory potency of
rapidly induced cytokines at the wound site (Goren et al., 2006; Kampfer et ah, 2000). This
corroborates previous proteomic results which indicated that V.A.C.

® Therapy

may function in

part through modulation of the inflammatory response (Stechmiller et al., 2006). This
modulation of the inflammatory response at the genomic level may then be one of the factors
which led to the significant decrease in wound area seen in this study.

[00108]

V.A.C. ® Therapy promotes granulation tissue formation in both acute and

chronic wounds, including complex diabetic foot wounds (Andros et al., 2006; Armstrong and
Lavery, 2005; McCallon et al, 2000; Eginton et al, 2003). The remaining members of the 12
genes identified herein may be involved in the production of this granulation tissue.
Granulation tissue is mainly composed of extracellular matrix, endothelial cells and

fibroblasts. Induction of Hsp70, a molecular chaperone, has been associated with the
development of thermotolerance and protection against various stresses including hypoxia and
ischemia (Kregel, 2002). Cells within the wound bed should contain significant amounts of
inducible Hsp70 in an effort to maintain proper function within the healing wound (McMurtry

et al., 1999) since cells must be maintained and protected from wound environment stresses
during the early granulation phase.
[00109]

MMP-8 is the predominant collagenase present in the early phases of acute,

healing wounds. Excessive collagenolytic activity has been associated with reduced levels of
TIMPl in chronic wounds (Armstrong and Jude, 2002). In the current study levels of MMP-8
and TIMPl mRNA were both greatly increased following 2 days of treatment with V.A.C. ®
Therapy. Following two days of treatment, TIMP1/MMP-8 ratios were 2.2 for V.A.C ®, 8.5
for MWH and 0.7 for GUS (Table 3). While extracellular matrix degradation is important for

wound healing, excessive degradation via MMP-8 is associated with poor healing outcomes
(Yager and Nwomeh, 1999). The high fold change increase observed for TIMPl mRNA may
be important for keeping wound proteolytic activity from becoming detrimental to the wound

healing process.
Conclusions
[00110]

Overall, more genes were upregulated and healing pathways over represented

in tissues which had been treated with V.A.C. ® Therapy than with the other two treatment

modalities tested. Wound area was also decreased significantly in V.A.C. treated animals.
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It should be apparent from the foregoing that an invention having significant

advantages has been provided. While the invention is shown in only a few of its forms, it is
not just limited but is susceptible to various changes and modifications without departing from
the spirit thereof.
[00169]

All references cited in this specification are hereby incorporated by reference.

The discussion of the references herein is intended merely to summarize the assertions made
by the authors and no admission is made that any reference constitutes prior art. Applicants
reserve the right to challenge the accuracy and pertinence of the cited references.

We claim:

Claim 1. A method of treating a wound site, the method comprising
applying a nucleic acid that promotes wound healing to the wound site, and
applying a reduced pressure to the wound site.

Claim 2. The method of claim 1, wherein the wound site comprises dermal tissue.

Claim 3. The method of claim 1, wherein the wound site comprises bone tissue.

Claim 4 . The method of claim 1, wherein the wound site comprises cartilage, tendon,

ligament, nerve tissue, or adipose tissue.

Claim 5. The method of claim 1, wherein the nucleic acid encodes a protein.

Claim 6. The method of claim 5, wherein the nucleic acid is operably linked to a control
element that directs expression of the protein when the nucleic acid is inside a cell in the
wound site.

Claim 7. The method of claim 5, wherein the protein is a structural protein.

Claim 8. The method of claim 7, wherein the structural protein is a collagen, a fibronectin, an
elastin or a laminin.

Claim 9. The method of claim 5, wherein the protein is an enzyme.

Claim 10. The method of claim 9, wherein the enzyme is a Tie-1, a Tie-2, a c-kit, or an HIF-

l α.

Claim 11. The method of claim 5, wherein the protein is a cytokine.

Claim 12. The method of claim 11, wherein the cytokine is a fibroblast growth factor (FGF),

a vascular endothelial growth factor (VEGF), a platelet derived growth factor (PDGF), a
transforming growth factor- β (TGF β), a TGF α, a stem cell factor (SCF), an angiopoietin 1

(Angl), an epidermal growth factor (EGF), an interleukin, an insulin-like growth factor (IGF),
a laminin, a hepatocyte growth factor (HGF), an adrenomedullin, a keratinocyte growth factor
(KGF), a bone morphogenic protein (BMP), a cartilage derived morphogenic protein (CDMP),

or a placental growth factor (PIGF).

Claim 13. The method of claim 11, wherein the cytokine is angiogenic.
Claim 14. The method of claim 13, wherein the cytokine is a bFGF, a VEGF-A, a TGF- β, an

SCF, an Angl, a laminin-8, an HGF, an adrenomedullin, or a PIGF.

Claim 15. The method of claim 6, wherein the nucleic acid encodes an enzyme inhibitor.

Claim 16. The method of claim 15, wherein the enzyme inhibitor is a tissue inhibitor of

metalloproteinase.

Claim 17. The method of claim 5, wherein the protein is a cell surface receptor.

Claim 18. The method of claim 17, wherein the cell surface receptor is an integrin.

Claim 19. The method of claim 5, wherein the nucleic acid encodes a transcription factor.

Claim 20. The method of claim 19, wherein the transcription factor is a HoxD3, an hypoxia-

inducible factor- l α (HIF- l α), or a Net.

Claim 21. The method of claim 5, wherein the nucleic acid encodes a protein that increases

expression in response to reduced pressure treatment of the wound site.

Claim 22. The method of claim 21, wherein the protein is interleukin 6 (IL-6), chemokine

ligand 7 (Ccl7), tissue inhibitor of metalloproteinase 1 (TIMPl), integrin alpha M (Itgam),

suppressor of cytokine signaling 3 (Socs3), matrix metalloproteinase- 8 (MMP-8), macrophage
inflammatory protein- 1 alpha receptor (MIPl), toll like receptor 1 (TLRl), tumor necrosis
factor receptor superfamily member Ib (Tnfrsflb), heat shock protein 70 (Hsp70), calmodulinlike 3, or keratin complex 1 acidic 14 (Krtl-14).

Claim 23. The method of claim 1, wherein the nucleic acid specifically inhibits expression of

a protein that inhibits wound healing.

Claim 24. The method of claim 23, wherein the protein that inhibits wound healing is a small
mothers against decapentaplegic homolog 3 (Smad3), a vascular endothelial growth factor

receptor 1 (VEGFRl), a VEGFR2, a VEGFR3, a connexin, or a myostatin.

Claim 25. The method of claim 23, wherein the nucleic acid is an antisense nucleic acid

specific to an mRNA encoding the protein.

Claim 26. The method of claim 23, wherein the nucleic acid is a ribozyme specific to an

mRNA encoding the protein.

Claim 27. The method of claim 23, wherein the nucleic acid is an miRNA specific to an

mRNA encoding the protein.

Claim 28. The method of claim 23, wherein the nucleic acid inhibits a naturally occurring

miRNA that inhibits wound healing.

Claim 29. The method of claim 28, wherein the naturally occurring miRNA inhibits

expression of VEGF.

Claim 30. The method of claim 23, wherein the nucleic acid is, or encodes, an aptamer that

specifically binds and inhibits a protein that inhibits wound healing.

Claim 31. The method of claim 1, wherein the nucleic acid is part of a viral vector or a

plasmid.

Claim 32. The method of any one of claims 1-31, wherein the reduced pressure is provided

by an apparatus that comprises a dressing that contacts the wound site.

Claim 33. The method of claim 32, wherein the nucleic acid is on or in the dressing such that

the nucleic acid is transmitted to the wound site.

Claim 34.

A system for treating a wound at a wound site, comprising:
a distribution manifold;
a reduced pressure source fluidly connected to said distribution manifold to

deliver reduced pressure to the wound site; and
a nucleic acid source fluidly connected to said distribution manifold to deliver
nucleic acid to the wound site sufficient to treat the wound.

Claim 35. The system of claim 34, wherein the nucleic acid encodes a protein.

Claim 36. The system of claim 35, wherein the nucleic acid is operably linked to a control

element that directs expression of the protein when the nucleic acid is inside a cell in the
wound.

Claim 37. The system of claim 35, wherein the protein is a structural protein.

Claim 38. The system of claim 37, wherein the structural protein is a collagen, a fibronectin,

an elastin or a laminin.

Claim 39. The system of claim 41, wherein the protein is an enzyme.

Claim 40. The system of claim 39, wherein the enzyme is a Tie-1, a Tie-2, a c-kit, or an HIF-

l α.

Claim 41. The system of claim 35, wherein the protein is a cytokine.

Claim 42. The system of claim 41, wherein the cytokine is a fibroblast growth factor (FGF),

a vascular endothelial growth factor (VEGF), a platelet derived growth factor (PDGF), a
transforming growth factor- β (TGF β), a TGF α, a stem cell factor (SCF), an angiopoietin 1
(Angl), an epidermal growth factor (EGF), an interleukin, an insulin-like growth factor (IGF),
a laminin, a hepatocyte growth factor (HGF), an adrenomedullin, a keratinocyte growth factor
(KGF), a bone morphogenic protein (BMP), a cartilage derived morphogenic protein (CDMP),

or a placental growth factor (PIGF).

Claim 43. The system of claim 41, wherein the cytokine is angiogenic.
Claim 44. The system of claim 43, wherein the cytokine is a bFGF, a VEGF-A, a TGF- β, an

SCF, an Angl, a laminin-8, an HGF, an adrenomedullin, or a PIGF.

Claim 45. The system of claim 35, wherein the protein is an enzyme inhibitor.

Claim 46. The system of claim 45, wherein the enzyme inhibitor is a tissue inhibitor of

metalloproteinase.

Claim 47. The system of claim 35, wherein the protein is a cell surface receptor.

Claim 48. The system of claim 47, wherein the cell surface receptor is an integrin.

Claim 49. The system of claim 35, wherein the protein is a transcription factor.

Claim 50. The system of claim 49, wherein the transcription factor is a HoxD3, a hypoxia-

inducible factor- l α (HIF- l α), or a Net.
Claim 51. The system of claim 35, wherein the protein increases expression in response to

reduced pressure treatment of the wound site.

Claim 52. The system of claim 51, wherein the protein is interleukin 6 (IL-6), chemokine

ligand 7 (Ccl7), tissue inhibitor of metalloproteinase 1 (TIMPl), integrin alpha M (Itgam),
suppressor of cytokine signaling 3 (Socs3), matrix metalloproteinase-8 (MMP-8), macrophage

inflammatory protein- 1 alpha receptor (MIPl), toll like receptor 1 (TLRl), tumor necrosis
factor receptor superfamily member Ib (Tnfrsflb), heat shock protein 70 (Hsp70), calmodulinlike 3, or keratin complex 1 acidic 14 (Krtl-14).

Claim 53. The system of claim 34, wherein the nucleic acid specifically inhibits expression

of a protein that inhibits wound healing.

Claim 54. The system of claim 53, wherein the protein that inhibits wound healing is a small

mothers against decapentaplegic homolog 3 (Smad3), a vascular endothelial growth factor

receptor 1 (VEGFRl), a VEGFR2, a VEGFR3, a connexin, or a myostatin.

Claim 55. The system of claim 53, wherein the nucleic acid is an antisense nucleic acid

specific to an mRNA encoding the protein.

Claim 56. The system of claim 53, wherein the nucleic acid is an ribozyme specific to an

mRNA encoding the protein.

Claim 57. The system of claim 53, wherein the nucleic acid is an miRNA specific to an

mRNA encoding the protein.

Claim 58. The system of claim 53, wherein the nucleic acid inhibits a naturally occurring

miRNA that inhibits wound healing.

Claim 59. The system of claim 58, wherein the naturally occurring miRNA inhibits

expression of VEGF.

Claim 60. The system of claim 53, wherein the nucleic acid is, or encodes, an aptamer that

specifically binds and inhibits the protein that inhibits wound healing.

Claim 61. The system of any one of claims 34-60, wherein the nucleic acid is part of a viral

vector.

Claim 62. Use of reduced pressure and a nucleic acid that promotes wound healing for

treatment of a wound site.

Claim 63. Use of a nucleic acid that promotes wound healing for the manufacture of a

medicament for treating a wound site that is undergoing reduced pressure treatment.

