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COMBINATION TREATMENTS AND 
COMPOSITIONS FOR WOUND HEALING 

RELATED APPLICATION 

0001. This application claims the benefit of and priority to 
co-pending U.S. patent application Ser. No. 13/897.2802.13 
(attorney docket number OTA-5010-UT), filed 17 May 2013, 
which claims priority to expired U.S. provisional patent 
application Ser. No. 61/649.213 (attorney docket number 
OTA-5010-PV), filed 18 May 2012 and entitled, “Combina 
tion Treatments and Compositions for Wound Healing the 
contents of which are hereby incorproated by referecne in 
their entirety for any and all purposes. 

TECHNICAL FIELD 

0002 The inventions relate to compositions and methods 
that involve combinations of viral and other proteins, for 
example viral vascular endothelial growth factors and anti 
inflammatory cytokines. These inventions are useful in vari 
ous contexts, including to promote wound healing and to treat 
wounds, in particular acute wounds and wounds that do not 
heal at expected rates, such as delayed-healing wounds, 
incompletely healing wounds, chronic wounds, and dehiscent 
wounds. The inventions are also useful in reducing fibrosis, 
adhesions, inflammation and Scarring. 

BACKGROUND 

0003. The following includes information that may be 
useful in understanding the present inventions. It is not an 
admission that any of the information provided herein is prior 
art, or relevant, to the presently described or claimed inven 
tions, or that any publication or document that is specifically 
or implicitly referenced is prior art. 
0004. In humans and other mammals wound injury trig 
gers an organized complex cascade of cellular and biochemi 
cal events that will in most cases result in a healed wound. An 
ideally healed wound is one that restores normal anatomical 
structure, function, and appearance on cellular, tissue, organ, 
and organism levels. Wound healing, whether initiated by 
trauma, microbes or foreign materials, proceeds via a com 
plex process encompassing a number of overlapping phases, 
including inflammation, epithelialization, angiogenesis and 
matrix deposition. Normally, these processes lead to a mature 
wound and a certain degree of scar formation. Although 
inflammation and repair mostly occur along a prescribed 
course, the sensitivity of the process is dependent on the 
balance of a variety of wound healing molecules, including 
for example, a network of regulatory cytokines and growth 
factors. 
0005 Wounds that do not heal at normal or expected rates, 
including chronic wounds, such as diabetic foot ulcers, pres 
Sure ulcers, and Venous leg ulcers (VLU), are an increasing 
worldwide problem. It is estimated, for example, that 1-2% of 
the population in Western countries will develop a chronic 
wound over the course of their lifetimes. Chronic wounds 
represent a major economic burden on healthcare services, 
with an estimated annual expenditure in the United States 
alone of up to $25 billion. Kuehn BM, Chronic wound care 
guidelines issued. JAMA 297: 938-939, 2007. An estimated 
1.3 million to 3 million US individuals are believed to have 
pressure ulcers; and as many as 10-15% of the 20 million 
individuals with diabetes are at risk of developing chronic 
ulcers. Many more have venous ulcers or wounds that result 
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from arterial disease. With growing numbers of elderly and 
diabetics in the population, this expenditure figure is expected 
to rise in coming years. Unfortunately, there are few effective 
therapeutic options for these debilitating wounds, and there 
remains a significant need for effective new treatments. 
While, over the years, basic and clinical research has revealed 
much about the individual molecular and cellular processes 
involved in wound healing, attempts to accelerate and/or 
improve wound healing by enhancing, inhibiting, or modify 
ing isolated aspects of the wound healing process have met 
with only limited Success. 
0006 Scars are the result of wounds that have healed, 
lesions due to diseases, or Surgical operations. Hypertrophic 
and keloid scars occur when the tissue response is out of 
proportion to the amount of scar tissue required for normal 
repair and healing. Certain regions of the body, including 
back, shoulders, Sternum and earlobe, are especially prone to 
develop abnormal scars known as hypertrophic scars or kel 
oids. These scars are bulky lesions representing an increased 
deposition of collagen fibers. They have the same clinical 
appearance: they are red, raised, and firm and posses a 
Smooth, shiny Surface. Whereas hypertrophic scars can flatten 
spontaneously in the course of one to several years, keloids 
persist and extend beyond the site of the original injury. As 
thickened red Scars that exceed the boundary of an injury and 
may grow for a prolonged period of time, keloids are hyper 
plastic connective tissue masses that occur in the dermis and 
adjacent Subcutaneous tissue, most commonly following 
trauma, in certain susceptible individuals. Keloid lesions are 
formed when local skin fibroblasts undergo vigorous hyper 
plasia and proliferation in response to local stimuli. The 
increase in Scar size is due to deposition of increased amounts 
of collagen into the tissue. African-Americans are genetically 
prone to developing keloids. Keloid development has been 
associated with different types of skin injury including Sur 
gery, ear piercing, laceration, burns, vaccination or inflam 
matory process. Hypertrophic scars are masses which can 
result from burns or other injuries to the skin. Such scars are 
usually permanent and resistant to known methods of therapy. 
Patients suffering from hypertrophic scars or keloids com 
plain about local pain, itchiness and local sensitivity, all of 
which compromise their quality of life as well as affect the 
individual body image. 
0007 Various therapies for keloids have had only limited 
Success. Existing efforts to manage hypertrophic scars and 
keloids include Surgery, mechanical pressure, steroids, X-ray 
irradiation and cryotherapy. Disadvantages have been 
reported to be associated with each of these methods. For 
example, Surgical removal of the scar tissue may be often 
incomplete and can result in the development of hypertrophic 
Scars and keloids at the incision and Suture points, i.e., scar 
ring frequently recurs after a keloid is Surgically removed, 
and steroid treatments may be unpredictable and often result 
in depigmentation of the skin. Simple Surgical excision of 
keloid scars has a 50%-80% risk of recurrence. A combina 
tion of Surgery with either intralesional corticosteroid injec 
tion or radiotherapy has been a typical treatment. However, 
intralesional corticosteroid injection is prone to complica 
tions (fat atrophy, dermal thinning, and pigment changes). 
0008 Atrophic or depressed scars resulting from an 
inflammatory episode are characterized by contractions of the 
skin, and leave a cosmetically displeasing and permanent 
scar. The most common example is scarring which occurs 
following inflammatory acne or chickenpox. The depression 
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occurs as a normal consequence of wound healing, and the 
scar tissue causing the depression is predominantly com 
prised of collagen resulting from fibroblast proliferation and 
metabolism. Some acne patients are Successfully treated 
using steroids injected intralesionally, topical liquid nitrogen 
applications, or dermabrasion. In many cases, however, there 
is either no improvement or the treatment results in other 
complications. 
0009 Scars that cross joints or skin creases at right angles 
are prone to develop shortening or contracture. Scar contrac 
tures occur when the scar is not fully matured, often tend to be 
hypertrophic, and are typically disabling and dysfunctional. 
They are common after burn injury across joints or skin 
concavities. For scar contractures, Surgical release with 
splinting, acrylic casting, and compression therapy may be 
required. Full thickness and split or partial thickness skin 
grafts and, perhaps more effectively, local and free flaps are 
used for reconstruction of difficult and extensive scars and 
COntractures. 

0010 Adhesion formation is a process in which bodily 
tissues that are normally separate become connected by scar 
tissue. Adhesions most commonly result from Surgical inci 
Sion, abrasion, or trauma. Adhesions can form following most 
any type of Surgery, but develop with the highest frequency 
following general abdominal, gynecologic, orthopedic, and 
cardiac Surgeries. It has been reported that following abdomi 
nal Surgery the incidence of peritoneal adhesion formation 
may be as high as 90%. See U.S. Pat. No. 6,613.325. The 
incidence of adhesion formation is also thought to be as high 
as 90% in patients that have undergone multiple Surgeries. 
Post operative intraperitoneal and pelvic adhesions represent 
a major problem in patients recovering from Surgery in the 
abdominal cavity, where there is a tendency for adhesions to 
form between the affected tissues. See U.S. Pat. No. 5,002, 
551. The pervasiveness of this problem also has severe eco 
nomic consequences. 
0011 Although adhesions occur most commonly follow 
ing Surgery, adhesions may also occur from tissue damage 
other than Surgery, including traumatic injury, inflammatory 
disease, intraperitoneal chemotherapy and radiation therapy. 
Amongst other complications, the presence of Surgical adhe 
sions may be associated with pain, discomfort, and female 
infertility resulting from gynecological Surgery. Intestinal 
obstructions, for example, are a complication that results 
from Surgical adhesions. Adhesions are also reported to be a 
leading cause of bowel obstruction and infertility, and related 
complications include chronic pelvic pain, urethral obstruc 
tion and voiding dysfunction. See U.S. Pat. No. 6,689,803. 
Adhesion formation may result from injury to the perito 
neum, which in turn may cause the site of injury or trauma to 
become inflamed. Although inflammation is a part of the 
healing process, it can contribute to adhesion formation by 
contributing to the development of fibrous bands of scar tis 
sue. Through a process called fibrinolysis, the fibrin bands 
eventually dissolve. However, where fibrin bands do not dis 
Solve, they can develop into proliferating adhesions that con 
nect and bind to organs and tissues that are normally separate. 
It has been reported that excess production and deposition of 
the extracellular matrix may be a key factor in producing 
tissue fibrosis throughout the body including the develop 
ment of peritoneal adhesions (see U.S. Pat. No. 6,841,153). 
0012 Various approaches for the prevention of adhesion 
formation have been reported. See Dizerega, G. S. & Rodg 
ers, K. E., “Prevention of Postoperative Adhesions in “The 
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Peritoneum. Dizerega, G. S. & Rodgers, K. E., eds., 
Springer-Verlang, New York, pp. 307-369 (1992). General 
categories of treatment for adhesions that have been reported, 
include: 1) prevention of fibrin deposition in the peritoneal 
exudate, 2) reduction of local tissue inflammation; and 3) 
removal of fibrin deposits. Id. However, despite years of 
research it has been reported that very few products for the 
prevention of post-operative adhesions have resulted. Johns, 
A., Human Reproductive Update, 7(6):577-579 (2001). 
Meanwhile, the medical problems associated with surgical 
adhesions are becoming more serious because there is a gen 
eral rise in repeat Surgical procedures for a number of disor 
ders. Thus, there is a vital need for the development of com 
pounds and methods for preventing Surgical adhesions and 
mitigating the complications they cause. 
0013 Fibroproliferative diseases, including pulmonary 
fibrosis, systemic sclerosis, liver cirrhosis, cardiovascular 
disease, progressive kidney disease, and macular degenera 
tion, are a leading cause of morbidity and mortality and can 
affect all tissues and organ systems. Fibrotic tissue remodel 
ing can also influence cancer metastasis and accelerate 
chronic graft rejection in transplant recipients. Nevertheless, 
despite its enormous impact on human health, there are cur 
rently no approved treatments that directly target the mecha 
nism(s) of fibrosis. 
0014 Fibrosis is the abnormal accumulation of fibrous 
tissue that can occur as a part of the wound-healing process in 
damaged tissue. Examples of fibrosis include liver fibrosis, 
lung fibrosis (e.g., silicosis, asbestosis, idiopathic pulmonary 
fibrosis), oral fibrosis, endomyocardial fibrosis, retroperito 
neal fibrosis, deltoid fibrosis, kidney fibrosis (including dia 
betic nephropathy), and glomerulosclerosis. Liver fibrosis, 
for example, occurs as a part of the wound-healing response 
to chronic liver injury. Fibrosis can occuras a complication of 
haemochromatosis, Wilson's disease, alcoholism, Schistoso 
miasis, viral hepatitis, bile duct obstruction, exposure to tox 
ins, and metabolic disorders. This formation offibrotic tissue 
is believed to represent an attempt by the body to encapsulate 
injured tissue. Liver fibrosis is characterized by the accumu 
lation of extracellular matrix that can be distinguished quali 
tatively from that in normal liver. Left unchecked, hepatic 
fibrosis progresses to cirrhosis (defined by the presence of 
encapsulated nodules), liver failure, and death. Endomyocar 
dial fibrosis is an idiopathic disorder that is characterized by 
the development of restrictive cardiomyopathy. In endomyo 
cardial fibrosis, the underlying process produces patchy 
fibrosis of the endocardial surface of the heart, leading to 
reduced compliance and, ultimately, restrictive physiology as 
the endomyocardial Surface becomes more generally 
involved. Endocardial fibrosis principally involves the inflow 
tracts of the right and left ventricles and may affect theatrio 
Ventricular valves, leading to tricuspid and mitral regurgita 
tion. Oral Submucous fibrosis is a chronic, debilitating dis 
ease of the oral cavity characterized by inflammation and 
progressive fibrosis of the Submucosal tissues (lamina propria 
and deeper connective tissues). It results in marked rigidity 
and an eventual inability to open the mouth. The buccal 
mucosa is the most commonly involved site, but any part of 
the oral cavity can be involved, even the pharynx. Retroperi 
toneal fibrosis is characterized by the development of exten 
sive fibrosis throughout the retroperitoneum, typically cen 
tered over the anterior surface of the fourth and fifth lumbar 
vertebrae. This fibrosis leads to entrapment and obstruction of 
retroperitoneal structures, notably the ureters. In most cases, 
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the etiology is unknown. However, its occasional association 
with autoimmune diseases and its response to corticosteroids 
and immunosuppressive therapy suggest it may be immuno 
logically mediated. Deltoid fibrosis is a muscle disorder 
marked by intramuscular fibrous bands within the substance 
of the deltoid muscle. These bands lead to secondary contrac 
tures that affect the function of the shoulder joint. Scapular 
winging and secondary Scoliosis also may be related to this 
condition. Deltoid fibrosis has been associated with fibrous 
contractures of the gluteal and quadriceps muscles and is 
likely a similar process 
0015 Understanding of the cellular and biochemical 
mechanisms underlying liver fibrosis has advanced in recent 
years (reviewed by Li and Friedman, J. Gastroenterol. Hepa 
tol. 14:618-633, 1999). Stellate cells are believed to be a 
major source of extracellular matrix in the liver. Stellate cells 
respond to a variety of cytokines present in the liver, some of 
which they also produce (Friedman, Seminars in Liver Dis 
ease 19:129-140, 1999). As summarized by Li and Friedman, 
actual and proposed therapeutic strategies for liver fibrosis 
include removal of the underlying cause (e.g., toxin or infec 
tious agent), Suppression of inflammation (using, e.g., corti 
costeroids, IL-1 receptor antagonists, or other agents that may 
Suppress inflammation), down-regulation of stellate cell acti 
Vation (using, e.g., gamma interferon or antioxidants), pro 
motion of matrix degradation, or promotion of stellate cell 
apoptosis. Despite recent progress, many of these strategies 
are still in the experimental stage, and existing therapies are 
aimed at Suppressing inflammation rather than addressing the 
underlying biochemical processes. Thus, there remains a 
need in the art for materials and methods for treating fibrosis, 
including liver fibrosis. 
0016 Orf virus, the type species of the Parapoxvirus 
genus, causes localised proliferative skin lesions in ungulates 
and humans (Haig and Mercer, Vet Res 29, 311-26, 1998), 
with extravagantly proliferative and persistent lesions 
reported in immune-compromised individuals (Gurel et al., 
Eurj Dermatol 12, 183-5, 2002; Hunskaar, Br J Dermatol 
114,631-4, 1986; Savage et al., Proc R Soc Med 65, 766-8, 
1972, Tan et al., Br J Plast Surg 44, 465-7, 1991). Orf virus 
infection initiates in the regenerating epidermis of wounded 
skin and the lesions progress through stages of erythema, 
papule, Vesicle, pustule and then scab formation (Haig and 
Mercer, Wet Res 29, 311-26, 1998:, Jenkinson et al., Vet Der 
matol 1, 189-95, 1990). Orf virus lesions have been described 
as reminiscent of a Sustained wound healing response, as they 
are characterized by extensive blood vessel proliferation and 
dilation and epidermal hyperplasia (Groves et al., JAm Acad 
Dermatol 12, 706-11, 1991, Savory et al., J Virol 74, 10699 
706, 2000). 
0017 Vascular endothelial growth factors (VEGFs) are 
key regulators of angiogenesis during normal physiological 
and disease processes Such as wound healing (Carmeliet and 
Jain, Nature 473, 298–307, 2011, Ferrara, Endocr Rev 25, 
581-61 1,2004, McCollet al., Apmis 112,463-80, 2004). The 
VEGF family, which includes VEGF-A, VEGF-B, VEGF-C, 
VEGF-D and placental growth factor (PIGF), interact with 
the high-affinity VEGF receptors (VEGFRs), VEGFR-1, 
VEGFR-2 and VEGFR-3 (Koch et al., Biochem J437, 169 
83, 2011; Olsson et al., Nat Rev Mol Cell Biol. 7, 359-71, 
2006). VEGF-A binds to both VEGFR-1 and VEGFR-2, 
whilst PIGF and VEGF-B bind exclusively to VEGFR-1. 
VEGF-C and VEGF-D interact with both VEGFR-2 and 
VEGFR-3. VEGFs also bind the co-receptors neuropilin 
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(NRP)-1 and NRP-2, which enhance binding to the VEGFRs 
(Soker et al., J Cell Biochem 85,357-68, 2002: Vadasz et al., 
Autoimmun Rev. 9, 825-829, 2010). VEGF-A has been shown 
to promote angiogenesis by stimulating endothelial cell pro 
liferation, migration and Survival and promoting vascular 
permeability, primarily through VEGFR-2 (Holmes et al., 
Cell Signal 19, 2003-2012, 2007). VEGFR-1, however, 
appears to play a role in endothelial cell differentiation and 
migration, possibly by acting as a ligand-binding molecule, 
sequestering VEGF-A from VEGFR-2 signaling (Shibuya, 
Angiogenesis 9, 225-230, 2006). During cutaneous tissue 
repair, VEGF-A is highly expressed by keratinocytes and 
stimulates the formation of new blood vessels in the wound 
bed, Supplying nutrients and oxygen needed for regeneration 
of the skin (Barrientos et al., Wound Repair Regen 16, 585 
601, 2008; Brown et al., J Exp Med 176, 1375-1379, 1992: 
Nissenet al., Am J Pathol 152, 1445-1452, 1998). In addition, 
a number of studies have shown that VEGF-A also enhances 
healing by promoting re-epithelialization of wounds (Brem et 
al., J Invest Dermatol 129, 2275-2287, 2009; Li et al., Dia 
betes 56, 656-665, 2007: Michaels et al., Wound Repair 
Regen 13,506-512, 2005; Romano Di Peppe et al., Gene Ther 
9, 1271-1277, 2002). VEGF-A also increases vascular leak 
age and promotes the formation of disorganized blood vessels 
(Carmeliet, Nat Med 6, 1102-1103, 2000). Several other skin 
disorders are linked to a high presence of VEGF-A, such as 
psoriasis (Detmar, J Invest Dermatol 122, xiv-XV, 2004), skin 
cancer (Weninger et al., Lab Invest 75, 647-657, 1996), der 
matitis herpetiformis and erythema multiforme (Brown et al., 
J Immunol 154, 2801-2807, 1995). VEGF-A overexpression 
in transgenic mice, with epidermal trauma, induces psoriatic 
like lesions characterized by prominentangiogenesis, inflam 
mation and epidermal hyperplasia (Canavese et al. Histol 
Histopathol 26, 285-296, 2011; Elias et al., Am J Pathol 173, 
689-699, 2008: Xia et al., Blood 102, 161-168, 2003). 
0018. It has been reported that the extensive vascular 
changes found beneath the orf virus lesions are in part, if not 
solely due to the expression of a VEGF homolog encoded by 
this virus. In the absence of a functional viral VEGF, the 
infected lesions lack not only the striking proliferation of 
blood vessels and dermal edema but also the distinctive pat 
tern of epidermal hyperplasia and rete ridge formation seen in 
wild-type infections (Savory et al., J Virol 74, 10699-10706, 
2000: Wise et al., Virus Res 128, 115-125, 2007). It has also 
been reported that purified orf virus VEGF, which has been 
designated VEGF-E, promotes angiogenesis and epidermal 
regeneration through its interaction with VEGFR-2, but 
shows negligible vascular leakage and tissue inflammation as 
it fails to bind VEGFR-1 (Inder et al., Febs J 275, 207-217, 
2008: Inoue et al., Arterioscler Thromb Vasc Biol 27, 99-105, 
2007: Kiba et al., Biochem Biophy's Res Commun 301,371 
377, 2003; Wise et al., J Biol Chem 278, 38004-38014, 2003: 
Wise et al., Cellular Microbiology 14(9) 1376-1390, 2012: 
Zheng et al., Arterioscler Thromb Vasc Biol 26, 2019-2026, 
2006: Zheng et al., Arterioscler Thromb Vasc Biol 27, 503 
511, 2007). 
0019 Interleukin-10 (IL-10), also known as human cytok 
ine synthesis inhibitory factor (CSIF), is an anti-inflamma 
tory cytokine. In humans IL-10 is encoded by the IL 10 gene. 
This cytokine is produced primarily by monocytes and to a 
lesser extent by lymphocytes and keratinocytes. It has pleio 
tropic effects in immunoregulation and inflammation. It 
down-regulates the expression of Th1 cytokines, MHC class 
II antigens, and costimulatory molecules on macrophages. It 
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also enhances B cell survival, proliferation, and antibody 
production. IL-10 can block NF-KB activity, and is involved 
in the regulation of the JAK-STAT signaling pathway. IL-10 
is capable of inhibiting synthesis of pro-inflammatory cytok 
ines such as IFN-y, IL-2, IL-3, TNFC. and GM-CSF made by 
cells such as macrophages and regulatory T-cells. It also 
displays a potent ability to Suppress the antigen-presentation 
capacity of antigen presenting cells. However, it is also stimu 
latory towards certain T cells and mast cells and stimulates B 
cell maturation and antibody production. IL-10 is mainly 
expressed in monocytes and Type 2 T helper cells (TH2), mast 
cells, CD4"CD25"Foxp3"regulatory T cells, and also in a 
certain subset of activated T cells and B cells. It is released by 
cytotoxic T-cells to inhibit the actions of NK cells during the 
immune response to viral infection. 
0020 Many viruses exploit the strategy of using homologs 
of cellular cytokines or cytokine receptors to shield virus 
infected cells from immune defenses and enhance virus Sur 
vival in the host. Human cytomegalovirus (HCMV) is a spe 
cies-specific betaherpesvirus that infects a majority of the 
world's population. HCMV establishes and maintains a life 
long latent infection in primitive myeloid lineage cells. Fol 
lowing terminal cell differentiation of these cells into myeloid 
dendritic cells (DCs) and macrophages, latent virus has the 
ability to reactivate, resulting in the production of new, infec 
tious virions and often severe disease in immunocompro 
mised individuals. Only a Subset of viral genes are transcrip 
tionally active during latency, including HCMV UL111A, a 
gene that encodes homologs of the potent immunomodula 
tory cytokine human interleukin-10 (hIL-10). UL111A is 
transcriptionally active during both productive and latent 
phases of infection and encodes several viral IL-10 proteins 
which exerta diverse range of immunomodulatory functions, 
including inhibition of cytokine synthesis and major histo 
compatibility complex (MHC) expression by myeloid cells, 
stimulation of B cells, and Suppression of DC maturation and 
cytotrophoblast function. See Avdic, S, et al., Viral Interleu 
kin-10 Expressed by Human Cytomegalovirus during the 
Latent Phase of Infection Modulates Latently Infected 
Myeloid Cell Differentiation, J. Virol. July 2011 85: 7465 
7471. A number of herpes viruses also harbor homologs of 
IL-10. Epstein-Barr virus (EBV)-encoded IL-10 (ebvlL-10), 
the first viral homolog of IL-10 identified, shares many but 
not all of the biological activities of cellular IL-10 and may 
play an important role in the host-virus interaction. In addi 
tion to EBV, the Orfpoxvirus (OV), which can infect humans, 
has its own IL-10 homolog, ovIL-10. See Kotenko, SV. et al., 
Human cytomegalovirus harbors its own unique IL-10 
homolog (cmvIL-10), PNAS 97: 1695-1700 (2000). ORFV 
IL-10 is functionally similar to cellular IL-10 in that it has the 
capacity to inhibit cytokine synthesis in human, Ovine and 
murine monocytes (Wise et al., J Gen Virol 88, 1677-1682, 
2007: Fleming et al., J Virol 71,4857-4861, 1997: Haig et al., 
Virus Res 88, 3-16, 2002: Imlach et al., J Gen Virol 83, 
1049-1058, 2002), impairs the maturation of murine and 
human dendritic cells (Chanet al., J Gen Virol 87,3177-3181, 
2006, Lateefet al., J Gen Virol 84, 1101-1109, 2003,) but also 
costimulates mast cells and thymocytes (Fleming et al., J 
Virol 71, 4857-4861, 1997: Haig et al., Virus Res 88, 3-16, 
2002: Imlach et al., J Gen Virol 83, 1049-1058, 2002). 
0021 Despite advances in the understanding of the prin 
ciples underlying the wound healing process, there remains a 
significant unmet need for Suitable therapeutic options for 
wound care and tissue repair and improving and/or promoting 
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wound healing, including wounds that do not heal at expected 
rates, such as delayed-healing wounds, incompletely healing 
wounds, and compromised wound healing Such as is seen in 
chronic wounds, Scarring and abnormal or excessive scarring, 
including keloid and hypertrophic scarring, atropic scarring, 
widespread Scarring, and scar contractures, as well as adhe 
sions including Surgical adhesions. There is a need in the art 
for improved methods and compositions for treating condi 
tions such as those caused by acute and chronic wounds, 
inflammation, fibrosis, Scarring, and adhesions. 

BRIEF SUMMARY 

0022. The inventions described and claimed herein have 
many attributes and embodiments including, but not limited 
to, those set forth or described or referenced in this Brief 
Summary. It is not intended to be all-inclusive and the inven 
tions described and claimed herein are not limited to or by the 
features or embodiments identified in this Brief Summary, 
which is included for purposes of illustration only and not 
restriction. 

0023 The invention generally relates to combinations of a 
viral vascular endothelial growth factor and an anti-inflam 
matory cytokine, including, for example, an anti-inflamma 
tory interleukin. 
0024. In one embodiment, the invention includes a viral 
vascular endothelial growth factor and an anti-inflammatory 
cytokine administered together or in combination. In another 
embodiment, the invention provides a composition compris 
ing a viral vascular endothelial growth factor and an anti 
inflammatory cytokine, together with a pharmaceutically 
acceptable carrier. In one embodiment, amounts of the viral 
vascular endothelial growth factor and anti-inflammatory 
cytokine, in combination or for separate administration, are 
effective to promote wound healing and to treat wounds, in 
particular acute wounds and wounds that do not heal at 
expected rates, such as delayed-healing wounds, incom 
pletely healing wounds, chronic wounds, and dehiscent 
wounds. In other embodiments, amounts of the viral vascular 
endothelial growth factor and anti-inflammatory cytokine, in 
combination or for separate administration, are effective to 
reduce fibrosis, adhesions, inflammation or Scarring. 
0025. In one embodiment, the invention includes a viral 
vascular endothelial growth factor and a mammalian anti 
inflammatory cytokine. In another embodiment, the invention 
includes a viral vascular endothelial growth factor and a 
mammalian anti-inflammatory interleukin. In yet another 
embodiment, the invention includes a viral vascular endothe 
lial growth factor and a mammalian IL-10. 
0026. In one embodiment, the invention includes a viral 
vascular endothelial growth factor and a viral anti-inflamma 
tory cytokine. In another embodiment, the invention includes 
a viral vascular endothelial growth factor and a viral anti 
inflammatory interleukin. In yet another embodiment, the 
invention includes a viral vascular endothelial growth factor 
and a viral IL-10. In still another embodiment, the invention 
includes a viral vascular endothelial growth factor and a 
parapoxvirus IL-10. In another embodiment, the invention 
includes a viral vascular endothelial growth factor and an orf 
virus IL-10. 

0027. In one embodiment, the viral vascular endothelial 
growth factor is a VEGF-E. In another embodiment, the viral 
vascular endothelial growth factor is a parapoxvirus VEGF, 
e.g., a parapoxvirus VEGF-E. In still another embodiment, 
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the viral vascular endothelial growth factor is an orf virus 
VEGF, e.g., an orf virus VEGF-E. 
0028. Thus, one example of the invention includes a 
VEGF-E and a viral IL-10 and, in one embodiment, one or 
both of the VEGF-E and the viral IL-10 are from the orf virus. 

0029. In one embodiment, the viral vascular endothelial 
growth factor and a viral interleukin may be used as a com 
bination. In another embodiment, the viral vascular endothe 
lial growth factor and a viral interleukin may be used sepa 
rately in combination. 
0030. In another aspect, the invention includes a viral vas 
cular endothelial growth factor and a viral interleukin in com 
bination with a pharmaceutical carrier. In one embodiment, 
the invention comprises a VEGF-E and a viral IL-10 in com 
bination with a pharmaceutical carrier. In one embodiment, 
one or both of the VEGF-E and the viral IL-10 are from the orf 
W1US. 

0031. In another aspect, the invention includes a kitcom 
prising a viral vascular endothelial growth factor and an anti 
inflammatory cytokine (e.g., a viral interleukin) in combina 
tion with a pharmaceutical carrier, together with instructions 
for therapeutic application to a Subject. In one embodiment, 
the viral vascular endothelial growth factor is VEGF-E and 
the viral interleukin is a viral IL-10. In another embodiment 
embodiment, one or both of the VEGF-E and the viral IL-10 
are from a parapaoxvirus, e.g., the orf virus. 
0032. In another aspect, the invention includes a kitcom 
prising a viral vascular endothelial growth factor in combi 
nation with a pharmaceutical carrier and an anti-inflamma 
tory cytokine (e.g., a viral interleukin) in combination with a 
pharmaceutical carrier, together with instructions for thera 
peutic application to a Subject. In one embodiment, the viral 
vascular endothelial growth factor is VEGF-E and the viral 
interleukin is a viral IL-10. In another embodiment embodi 
ment, one or both of the VEGF-E and the viral IL-10 are from 
a parapaoxvirus, e.g., the orf virus. 
0033. The invention also relates to the use of a viral vas 
cular endothelial growth factor and an anti-inflammatory 
cytokine (e.g., a viral interleukin) in the treatment of acute 
wounds, delayed-, impaired- and slow-healing wounds, 
chronic wounds, and dehiscent wounds. In one embodiment, 
a VEGF-E and a viral IL-10 are used for treatment. In another 
embodiment, one or both of the VEGF-E and the viral IL-10 
are from a parapaoxvirus, e.g., the orf virus. 
0034. The invention also relates the use of a viral vascular 
endothelial growth factor and an anti-inflammatory cytokine 
(e.g., a viral interleukin) to reduce fibrosis in a Subject. In one 
embodiment, a VEGF-E and a viral IL-10 are used to reduce 
fibrosis. In another embodiment, one or both of the VEGF-E 
and the viral IL-10 are from a parapaoxvirus, e.g., the orf 
W1US. 

0035. The invention also relates the use of a viral vascular 
endothelial growth factor and an anti-inflammatory cytokine 
(e.g., a viral interleukin) to reduce adhesions, or the formation 
of adhesions, in a subject. In one embodiment, a VEGF-E and 
a viral IL-10 are used to reduce adhesions, or the formation of 
adhesions. In another embodiment, one or both of the 
VEGF-E and the viral IL-10 are from a parapaoxvirus, e.g., 
the orf virus. 

0036. The invention also relates the use of a viral vascular 
endothelial growth factor and an anti-inflammatory cytokine 
(e.g., a viral interleukin) to reduce inflammation in a subject. 
In one embodiment, a VEGF-E and a viral IL-10 are used to 
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reduce inflammation. In another embodiment, one or both of 
the VEGF-E and the viral IL-10 are from a parapaoxvirus, 
e.g., the orf virus. 
0037. The invention also relates the use of a viral vascular 
endothelial growth factor and an anti-inflammatory cytokine 
(e.g., a viral interleukin) to reduce scarring in a Subject. In one 
embodiment, a VEGF-E and a viral IL-10 are used to reduce 
scarring. In another embodiment, one or both of the VEGF-E 
and the viral IL-10 are from a parapaoxvirus, e.g., the orf 
W1US. 

0038. In one aspect, a viral vascular endothelial growth 
factor and an anti-inflammatory cytokine (e.g., viral interleu 
kin) are administered to a Subject together. In one embodi 
ment of this aspect, the viral vascular endothelial growth 
factor is a VEGF-E and the viral interleukin is a viral IL-10. In 
another embodiment of this aspect of the invention, one or 
both of the VEGF-E and the viral IL-10 are from a parapaox 
virus, e.g., the orf virus. 
0039. In another aspect, a VEGF-E and a viral IL-10 are 
administered to a subject separately. In one embodiment of 
this aspect, the viral vascular endothelial growth factor is a 
VEGF-E and the viral interleukin is a viral IL-10. In another 
embodiment embodiment of this aspect of the invention, one 
or both of the VEGF-E and the viral IL-10 are from a para 
paoxvirus, e.g., the orf virus. 
0040. The invention also relates the use of a viral vascular 
endothelial growth factor and an anti-inflammatory cytokine 
(e.g., a viral interleukin) in combination with one or more 
other agents useful for wound healing, or for reducing inflam 
mation, adhesions, fibrosis and/or scarring. 
0041. Examples of such other agents include anti-con 
nexin agents, for example anti-connexin polynucleotides (for 
example, connexin inhibitors such as alpha-I connexin oli 
godeoxynucleotides), anti-connexin peptides (for example, 
antibodies and antibody binding fragments) and peptidomi 
metics (for example, alpha-I anti-connexin peptides or pep 
tidomimetics), gap junction closing or blocking compounds, 
hemichannel closing or blocking compounds, and connexin 
carboxy-terminal polypeptides, e.g., polypeptides that bind 
to osteopontin or a osteopontin binding site, anti-osteopontin 
polynucleotides, as well as anti-ostepontin agents, particu 
larly anti-osteopontin polynucleotides. Anti-osteopontin 
peptidomimetics may be administered per se, or complexed 
to one or more other agents, for example, antennapedia in 
order to facilitate membrane transport. 
0042 Compositions and methods of the invention that 
employ one or more viral vascular endothelial growth factors 
and one or more anti-inflammatory cytokine (e.g., viral inter 
leukin) species for the treatment of for example, acute, 
delayed healing, and chronic wounds are described and 
claimed. In certain embodiments, compositions include 
therapeutically useful compositions, particularly pharmaceu 
tical or veterinary compositions that comprise one or more 
viral vascular endothelial growth factors and/or one or more 
anti-inflammatory cytokine (e.g., viral interleukin) species in 
amounts effective to promote healing or tissue repair in a 
Subject. As a result, healing of an injury or wound can be 
initiated and/or enhanced, and inflammation, adhesions, 
fibrosis and/or scarring can be reduced. 
0043. In embodiments of the invention, the viral vascular 
endothelial growth factor is a parapox virus VEGF. In certain 
embodiments, the viral vascular endothelial growth factor is 
an orf virus VEGF. 
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0044. In embodiments of the invention, the viral interleu 
kin species include viral IL-10. In other embodiments, the 
viral IL-10 is a parapox virus IL-10. In one embodiment, the 
viral IL-10 is an orf virus IL-10. 

0045. The methods, compositions and kits of the invention 
include, for example, injected, topical and inhaled delivery 
forms and formulations. Such delivery forms and formula 
tions include those for the treatment of a subject, as described 
herein. 

0046 Pharmaceutical compositions are also provided in 
the form of a combined preparation, for example, as an 
admixture of one or more viral vascular endothelial growth 
factors and one or more anti-inflammatory cytokine (e.g., 
viral interleukin) species, alone, in conjunction or in combi 
nation with and one or more therapeutic agents, for example, 
one or more anti-connexin oranti-osteopontin agents, includ 
ing anti-connexin and anti-osteopontin polynucleotides, pep 
tide, and or peptidomimetic species. 
0047. The term “a combined preparation' includes a “kit 
of parts” in the sense that the combination partners as defined 
herein can be dosed independently or by use of different fixed 
combinations with distinguished amounts of the two or more 
agent species, i.e. simultaneously, separately or sequentially. 
The parts of the kit can then, for example, be administered 
simultaneously or chronologically staggered, that is, at dif 
ferent time points, with equal or different time intervals, 
and/or in the same or different numbers of dosings for any part 
of the kit of parts. 
0048. In some embodiments, a combined preparation is 
administered, whereintwo or more separate compositions are 
administered to a Subject, wherein the first composition com 
prises a therapeutically effective amount of one or more viral 
vascular endothelial growth factors and the second composi 
tion comprises a therapeutically effective amount of and one 
or more anti-inflammatory cytokine (e.g., viral interleukin) 
species. In other embodiments, a third composition is admin 
istered comprising one or more anti-connexin or anti-os 
teopontin polynucleotides, peptides, or peptidomimetics. In 
one embodiment, the anti-connexin agent is an anti-con 
nexin43 agent. 
0049 Pharmaceutical compositions are provided for com 
bined, simultaneous, separate, sequential, or Sustained 
administration. In some embodiments, a composition com 
prising one or more viral vascular endothelial growth factors 
and/or one or more anti-inflammatory cytokine (e.g., viral 
interleukin) species is administered at or about the same time 
as one or more anti-connexin agents and/or anti-osteopontin 
agents. In one embodiment, a composition comprising one or 
more viral vascular endothelial growth factors and/or one or 
more anti-inflammatory cytokine (e.g., viral interleukin) spe 
cies is administered within at least about 30, 60, 90, or 120 
minutes, or about 3, 4, 5, 6, 8, 12, 24, 48, or 168 hours of one 
or more anti-connexin agents and/or anti-osteopontin agents. 
0050. In one aspect, the invention includes pharmaceutical 
compositions, including injectable, topical, systemic, and 
inhaled delivery forms and formulations, comprising a phar 
maceutically acceptable carrier and therapeutically effective 
amounts of one or more viral vascular endothelial growth 
factors and/or one or more anti-inflammatory cytokine (e.g., 
viral interleukin) species, alone or together or in combination 
with one or more other therapeutic agent species, e.g., a first 
anti-connexin agent species, a second anti-connexin agent 
species, a first anti-osteopontin agent species, and/or and a 
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second anti-osteopontin agent species. Such compositions 
are useful, for example, for wound healing, and other appli 
cations as described herein. 
0051 Examples of viral vascular endothelial growth fac 
tors include parapoxvirus VEGFs, as well as VEGFs from all 
orf virus strains that encode a VEGF-E (e.g., NZ2, NZ10, 
NZ7, D1701 and so on). Parapoxvirus VEGFs include 
VEGFs from parapoxvirus strains BPSV. PVNZ and PCPV. 
and all other strains that encode a VEGF-E. VEGFs from 
other viral species are included within the scope of the present 
inventions. In other embodiments, the viral VEGF can be any 
molecule, whether naturally occurring or non-naturally 
occurring (including derivatives or variants of a naturally 
occurring molecule designed or discovered (e.g., through 
random or directed mutagenesis)), that activates VEGFR-2 
more than the VEGFR-1. In other embodiments, the viral 
VEGF can be any molecule, whether naturally occurring or 
non-naturally occurring (including derivatives or variants of a 
naturally occurring molecule designed or discovered (e.g., 
through random or directed mutagenesis)), that activates 
VEGFR-2 but does not appreciably bind to or activate 
VEGFR-1. 

0.052 Examples of viral interleukin species include viral 
interleukins from orf viruses, EBVs, CMVs, including IL-10s 
from these and other viruses. Viral interleukins include pox 
virus IL-17 homologues, the EBV CXCR homolog, and the 
KSHV 11-6 homolog and IL-8R homologue. These and all 
other Vrial interleukins with anti-inflammatory activity are 
within the scope of the invention. Poxviruses also have anti 
inflammatory chemokine mimics, interleukin/TNF/chemok 
ine binding proteins and other IL-119/20/22-like proteins. All 
Such proteins having anti-inflammatory activity are within the 
Scope of the present inventions. 
0053 Examples of anti-connexin and anti-ostepontin 
agents are polynucleotides, including antisense oligodeoxy 
nucleotides. Examples of anti-connexin and anti-ostepontin 
polynucleotides include anti-connexin and anti-ostepontin 
oligodeoxynucleotides, including antisense (including modi 
fied and unmodified backbone antisense), RNAi, and miRNA 
and siRNA. Suitable anti-connexin peptides include peptides 
that bind connexin extracellular domains, for example, or 
connexin intracellular domains. Peptidomimetics may be 
complexed to one or more other agents, for example, anten 
napedia in order to facilitate membrane transport for binding 
to intracellular connexin regions and domains. 
0054 The present invention provides for an increase in the 
rate, extent, and/or quality of wound healing through the use 
of at least one viral vascular endothelial growth factor and at 
least one anti-inflammatory cytokine (e.g., viral interleukin) 
(alone or in combination with one or more therapeutic agent 
species) administered simultaneously, separately, or sequen 
tially, or administered in combination. 
0055. The present invention provides for a decrease in 
inflammation through the use of at least one viral vascular 
endothelial growth factor and at least one anti-inflammatory 
cytokine (e.g., viral interleukin) (alone or in combination 
with one or more therapeutic agent species) administered 
simultaneously, separately, or sequentially, or administered 
in combination. 
0056. The present invention provides for a decrease in 
scarring and/oran increased quality of scar through the use of 
at least one viral vascular endothelial growth factor and at 
least one anti-inflammatory cytokine (e.g., viral interleukin) 
(alone or in combination with one or more therapeutic agent 
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species) administered simultaneously, separately, or sequen 
tially, or administered in combination. 
0057. In certain embodiments, the combined use of an at 
least one viral vascular endothelial growth factor and at least 
one anti-inflammatory cytokine (e.g., viral interleukin) 
administered simultaneously, separately, or sequentially, or 
in combination will have fewer administration time points 
and/or increased time intervals between administrations as a 
result of such combined use. In other such embodiments, the 
combined use allows a reduced frequency of administration. 
In other embodiments, combined use allows the use of 
reduced doses of Such agents compared to the dose or doses 
that may be effective when the agent is administered alone. 
0.058. In certain other embodiments, the combined use of 
an at least one viral vascular endothelial growth factor and at 
least one anti-inflammatory cytokine (e.g., viral interleukin) 
administered simultaneously, separately, or sequentially, or 
in combination with one or more other therapeutic agents, for 
example, one or more anti-connexin polynucleotides, pep 
tides, or peptidomimetics and/or one or more anti-osteopon 
tin polynucleotides, peptides, or peptidomimetics has an 
additive, synergistic, or Super-additive effect in the promotion 
of the desired therapeutic outcome, for example, wound heal 
ing and for reduced inflammation, fibrosis, adhesion forma 
tion and Scarring. In some of these embodiments, the admin 
istration of a combined preparation will have fewer 
administration time points and/or increased time intervals 
between administrations as a result of such combined use. In 
other such embodiments, the combined use allows a reduced 
frequency of administration. In other embodiments, com 
bined use allows the use of reduced doses of Such agents 
compared to the dose or doses that may be effective when the 
agent is administered alone. 
0059. In another aspect, the invention includes methods 
for administering a therapeutically effective amount of at 
least one viral vascular endothelial growth factor and at least 
one anti-inflammatory cytokine (e.g., viral interleukin) 
administered simultaneously, separately, or sequentially, or 
in combination. In some embodiments, the compositions are 
formulated, for example, in a delayed release preparation, a 
slow release preparation, an extended release preparation, a 
controlled release preparation, and/or in a repeat action 
preparation Suitable for administration to a subject having a 
wound, including chronic wounds and wounds characterized 
in whole or in part by slow, delayed, or incomplete wound 
healing. Chronic wounds include diabetic ulcers (e.g., dia 
betic foot ulcers), venous ulcers, Venous stasis ulcers, pres 
Sure ulcers, decubitus ulcers, vasculitic ulcers, arterial ulcers, 
infectious ulcers, burn ulcers, trauma-induced ulcers, inflam 
matory ulcers, and ulcerations associated with pyodermagan 
grenosum. Chronic wounds also include ocular ulcers, 
including persistent epithelial defects. In some embodiments, 
the Subject is diabetic; in others, the Subject has a cardiovas 
cular disease or condition, for example, venous hypertension, 
venous insufficiency and/or arterial insufficiency. 
0060. In certain other aspects, the invention relates to 
methods of using the compounds and compositions of the 
invention to treat subjects suffering from or at risk for various 
diseases, disorders, and conditions associated with a wound, 
including acute wounds and wounds that do not heal at 
expected rates, including delayed healing and chronic 
wounds. Treatment of a Subject, e.g., for a wound or other 
indication as indicated herein, with one or more pharmaceu 
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tical compositions of the invention, may comprise their 
simultaneous, separate, sequential or Sustained administra 
tion. 
0061. In yet another aspect, the invention includes meth 
ods for treating a subject having or Suspected of having or 
predisposed to, or at risk for, any diseases, disorders and/or 
conditions characterized in whole or in part by a wound or a 
tissue in need of repair. Such compositions include, for 
example, topical and inhaled delivery forms and formula 
tions. 
0062. In another aspect, the invention provides methods of 
treatment comprising administering to a subject a pharma 
ceutical composition of the invention in one or more thera 
peutically effective amounts for use in the treatment of a 
wound, including for example, acute, as well as wounds that 
do not heal at expected rates, including delayed healing and 
chronic wounds. 
0063. In another aspect, the invention provides methods of 
treatment comprising administering to a subject in need 
thereof a composition comprising therapeutically effective 
amounts of at least one viral vascular endothelial growth 
factor and at least one anti-inflammatory cytokine (e.g., viral 
interleukin) administered simultaneously, separately, or 
sequentially, or in combination, alone or in combination with 
one or more anti-connexin and/or anti-osteopontin agents. 
Also within the scope of the present invention is pretreatment 
prior to Surgery. This will reduce local damage at points of 
incision, excision or revision, for example, and prime cells for 
healing. 
0064. In yet another aspect, the invention provides meth 
ods of treatment comprising administering to a subject in 
need thereof a first composition and at least one other thera 
peutic composition (e.g., a second composition, second and 
third compositions, etc.) comprising at least one viral vascu 
lar endothelial growth factor and at least one anti-inflamma 
tory cytokine (e.g., viral interleukin). In embodiments of this 
aspect, the “first composition comprises a therapeutically 
effective amount of at least one viral vascular endothelial 
growth factor and/or at least one anti-inflammatory cytokine 
(e.g., viral interleukin) administered simultaneously, sepa 
rately, or sequentially, or in combination, although this is not 
meant to imply that Such composition is administered before, 
more frequently, or via a different route than the other thera 
peutic composition(s). In other words, in some of these 
embodiments, the first composition is administered first, 
while in others, the second composition is administered first. 
In embodiments involving the administration of three differ 
ent therapeutic compositions, such methods, for example, can 
comprise simultaneous administration of each of the compo 
sitions according to the same or different dosing or adminis 
tration regimen. 
0065. In a further aspect, the invention provides methods 
for improving or reducing scar formation in a Subject in need 
thereof, for improving or reducing fibrosis in a subject, and 
for improving or reducing adhesion formation in a Subject, 
comprising administering to said subject a therapeutically 
effective amount of a pharmaceutical composition compris 
ing an at least one viral vascular endothelial growth factor and 
at least one anti-inflammatory cytokine (e.g., viral interleu 
kin) administered simultaneously, separately, or sequentially, 
or in combination, alone or in combination with one or more 
other therapeutic agents. 
0066. In certain embodiments methods of combination 
therapy include the administration of at least one viral vascu 



US 2016/0263.191 A1 

lar endothelial growth factor and at least one anti-inflamma 
tory cytokine (e.g., viral interleukin) administered simulta 
neously, separately, or sequentially, or in combination, either 
Some, orall of which are provided in amounts or doses that are 
less than those used when the agent or agents is/are adminis 
tered alone, i.e., when they are not administered in combina 
tion, either physically or in the course of treatment of a wound 
or other condition to be improved. Such lesser amounts of 
agents administered are typically from about one-half, one 
third, one-fourth, one-fifth, one-sixth, one-eighth, one-tenth, 
or about one-twentieth the amount when administered alone. 

0067. In a further aspect, the invention includes transder 
mal patches, dressings, pads, wraps, matrices, and bandages 
capable of being adhered or otherwise associated with the 
skin of a Subject, said articles being capable of delivering a 
therapeutically effective amount of an at least one viral vas 
cular endothelial growth factor and at least one anti-inflam 
matory cytokine (e.g., viral interleukin) administered simul 
taneously, separately, or sequentially, or in combination, 
alone or in combination with one or more therapeutic agents, 
to a Subject. 
0068. In another aspect, the invention includes an article of 
manufacture comprising a vessel or vessels containing a 
therapeutically effective amount of an at least one viral vas 
cular endothelial growth factor and at least one anti-inflam 
matory cytokine (e.g., viral interleukin) for admbnistration 
simultaneously, separately, or sequentially, or in combination 
(alone or in combination with one or more other therapeutic 
agents), and instructions for use, including use for the treat 
ment of a Subject. 
0069. The invention includes an article of manufacture 
comprising packaging material containing one or more dos 
age forms containing at least one viral vascular endothelial 
growth factor and at least one anti-inflammatory cytokine 
(e.g., viral interleukin) administered simultaneously, sepa 
rately, or sequentially, or in combination, alone or together 
with dosage forms containing one or more other therapeutic 
agents, wherein the packaging material has a label that indi 
cates that the dosage form can be used for a subject having or 
Suspected of having or predisposed to any of the diseases, 
disorders and/or conditions described or referenced herein, 
including diseases, disorders and/or conditions characterized 
in whole or in part by acute, impaired, delayed or chronic 
wound healing, by inflammation, by scarring, by fibrosis, or 
by adhesions. Such dosage forms include, for example, topi 
cal delivery forms and formulations, powdered delivery 
forms and formulations, delivery forms and formulations 
Suitable for injection or infusion (including dry or powdered 
compositions that must be reconstituted with a suitable dilu 
ent prior to administration), and delivery forms and formula 
tions suitable for instillation. Suitable formulations deliver an 
amount of a therapeutic agent Suitable to achieve a desired 
therapeutic effect. Examples of topical formulations include 
foams, sprays, and gels. Examples of gels include polyoxy 
ethylene-polyoxypropylene copolymer-based gels and car 
boxymethylcellulose-based and related cellulose gels, as well 
as alginate gels, with pluronic gels being particularly useful. 
0070 The invention also includes methods for the use of 
therapeutically effective amounts of compositions of the 
invention in the manufacture of medicaments, including, for 
example, topical delivery forms and formulations. Such 
medicaments include those for the treatment of a subject as 
described herein, including for the treatment of acute 
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wounds, delayed, impaired- and slow healing wounds, 
chronic wounds and dehiscent wounds. 

0071. In another aspect, the invention provides for the use 
of at least one viral vascular endothelial growth factor and at 
least one anti-inflammatory cytokine (e.g., viral interleukin) 
to be administered simultaneously, separately, or sequen 
tially, or in combination in the manufacture of pharmaceutical 
products for the promotion of wound healing, improved and/ 
or reduced scarring, improved and/or reduced inflammation, 
reduced fibrosis, or reduced adhesion formation inapatient in 
need thereof. In some of these embodiments, the product 
includes a wound dressing or wound healing promoting 
matrix. For example, the wound dressing or matrix is pro 
vided in the form of a solid substrate with a composition 
comprising an at least one viral vascular endothelial growth 
factor and at least one anti-inflammatory cytokine (e.g., viral 
interleukin) dispersed on or in the solid substrate. 
0072. In yet another embodiment, the invention provides 
for the use of compounds and compositions of the invention in 
conjunction or in combination with connective tissue growth 
factor (CTGF) inhibitors, e.g., CTGF antisense compounds. 
In another embodiment, the invention provides for the use of 
compounds and compositions of the invention in conjunction 
or in combination with PDGF receptor inhibitors to, for 
example, treat fibrosis and/or to reduce adhesions and scar 
formation. PDGF receptor inhibitors include, for example, 
receptor blockers, receptor antagonists. CTGF and PDGF 
receptor inhibitors also include monoclonal antibodies, poly 
clonal antibodies, antibody fragments (including, for 
example, Fab., F(ab') and FV fragments; single chainantibod 
ies; single chain FVs; and single chain binding molecules Such 
as those comprising, for example, a binding domain, hinge, 
CH2 and CH3 domains, recombinant antibodies and antibody 
fragments which are capable of binding an antigenic deter 
minant (e.g., an epitope) that makes contact with a particular 
antibody or other binding molecule, including antibodies and 
antibody binding fragments directed against CTGF or PDGF 
receptors. In another embodiment, the invention provides for 
the use of compounds and compositions of the invention in 
conjuction or in combination or in combination with PDGF 
receptor agonists to, for example, treat wounds. 
0073. In yet another embodiment, the invention provides 
for the use of compounds and compositions of the invention in 
conjunction or in combination with the application of artifi 
cial skin products, including, for example Dermagraft(R) (a 
single-layered cryopreserved dermal Substitute composed of 
human fibroblasts, extracellular Surrounding Substance and a 
bioabsorbable framework), Apligraf R (living, bilayered skin 
construct with an epidermal layer formed by human kerati 
nocytes and a dermal layer composed of human fibroblasts in 
a bovine Type 1 collagen web), Integra R (two-layer mem 
brane system for skin replacement comprising a dermal 
replacement layer made of a porous template of fibers of 
bovine tendon collagen and glycosaminoglycan (chon 
droitin-6-sulfate) and an epidermal substitute layer made of 
thin silicone to control moisture loss), Alloderm(R) (acellular 
dermal matrix), CyzactTM (human dermal fibroblasts deliv 
ered via a fibrin), ICX-SKN (a combination offibroblasts and 
fibrin matrix that are remodeled to produce a collagen 
matrix), KeragraftTM (a human stem cell-derived product 
being developed for wound care as an autologous epidermal 
equivalent), OASIS(R) Wound Matrix (biologically derived 
extracellular matrix-based wound product created from por 
cine-derived acellular small intestine submucosal), OrCelTM 
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(two-layer cellular template in which human epidermal kera 
tinocytes and dermal fibroblasts are cultured in two separate 
layers onto a bovine collagen sponge), TransCyte R (human 
fibroblast-derived temporary skin substitute consisting of a 
polymer membrane and neonatal human fibroblast cells), and 
so on. The compounds and compositions of the invention are 
also useful in conjunction or in combination with the appli 
cation of other dressings to promote wound healing, includ 
ing, for example, BioBrane. The compounds and composi 
tions of the invention may also be used in conjunction or in 
combination with the application of other types of scaffolds 
or dressings to promote wound healing, including, for 
example, spray on cells being developed by HealthPoint (a 
cell therapy spray suspension known as HP802-247, which 
consists of two components that are sprayed sequentially on 
the wound bed at the time of treatment: a fibrinogen solution 
and a cell preparation containing a mixture of growth 
arrested, living, allogeneic epidermal keratinocytes and der 
mal fibroblasts) and cultured allogenic keratinocytes. 
0.074 The inventions also relate to the use of an anti 
osteopontin agent, including peptides and peptidomimetics, 
for example an anti-osteopontin polynucleotide species, 
alone or in combination with one or more other agents useful 
in the treatment of acute, delayed healing and chronic 
wounds. 
0075. These and other aspects of the present inventions, 
which are not limited to or by the information in this Brief 
Summary, are provided below. 

BRIEF DESCRIPTION OF THE FIGURES 

0076. A brief summary of each of the figures is provided 
below. 
0077 FIG.1. Combination treatment of viral VEGF-E and 
viral IL-10 accelerates cutaneous tissue repair to a greater 
extent than the individual treatments or their mammalian 
equivalents. (A) Photographs of the healing process of 4 mm 
dermal full-thickness punch wounds at the time points indi 
cated during treatment with different viral and mammalian 
factors. Timing of treatments is indicated on the right. (B) 
Kinetics of skin wound closure in groups of mice with local 
administration of the indicated viral and mammalian factors 
to the wound site (n=8 per group). Values significantly less 
than mock-treated wounds (P 0.05) are indicated by an aster 
isk. Significant differences, between comparative treatments 
at given time points, are indicated with a hash. 
0078 FIG.2. Combination treatment of viral VEGF-E and 
viral IL-10, like the individual treatments, accelerates wound 
closure to a greater extent than their mammalian equivalents. 
The mean day of closure for each treatment group (n=8) is 
indicated with a diamond. Upper and lower quartiles are 
shown with an open and filled box respectively. Outliers are 
indicated above and below. Values significantly less than 
mock-treated wounds (Ps0.05) are indicated by an asterisk. 
Significant differences between certain treatments are indi 
cated with a hash. 
007.9 FIG. 3. Combination treatment of VEGF and IL-10 
enhances epidermal regeneration to a greater extent than the 
individual treatments. (A) Epidermal regeneration was exam 
ined in wounded skin treated with different viral and mam 
malian factors. Skin biopsies taken at days 3, 6 and 9 were 
fixed in Zinc salts solution and paraffin-embedded, then 4 Jum 
sections were stained with MSB trichrome and photo 
graphed. Scale is indicated. (B) A schematic of a wound 
section with histological features labeled. Re-epithelialisa 
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tion in each section is calculated as the percentage of total 
wound width covered by neo-epidermis as indicated. (C) The 
rate of wound re-epithelialisation was quantitated in 6 Serial 
sections from 2 wounds from each of 4 mice using Image.J and 
is expressed as the mean +/-SE. (D) 
0080. The area (2/section) of the neo-epidermis is 
expressed as the mean +/-SE. Values significantly greater 
than that of untreated skin (P<0.05) are indicated by an aster 
isk. Significant differences between individual mammalian 
and viral treatments or between individual and combination 
treatments or between mammalian and viral combination 
treatments are indicated with a hash. 

0081 FIG. 4. Combination treatment of VEGF and IL-10 
promotes epidermal resolution to a greater extent than the 
individual VEGF treatments. (A) Epidermal resolution was 
examined in wounded skin treated with different viral and 
mammalian factors. Zinc-fixed, paraffin-embedded skin sec 
tions from wound biopsies taken on day 9 were stained with 
MSB trichrome and photographed. Scale is indicated in the 
bottom right panel and examples of rete ridges (RR) are 
labeled. Changes in rete ridge formation were quantitated in 
6 serial sections from 2 wounds from each of 4 mice using 
Image.J. (B) The length of rete ridges projecting from the 
neo-epidermis is expressed as the mean +/-SE. Values sig 
nificantly greater than that of untreated or mock-treated skin 
(P<0.05) are indicated by an asterisk or hash, respectively. 
0082 FIG. 5. Combination treatment of viral VEGF and 
IL-10 promotes epidermal resolution by altering the timing 
and level of key regulators of epidermal repair. The expres 
sion of key epidermal regulators in wounded skin treated with 
different viral and mammalian factors was examined over 
time using quantitative RT-PCR. cDNA was prepared by 
reverse transcription of total RNA (4 left flank wounds com 
bined/treatment group). The level of (A) connexin43, (C) 
BMP-6, (E) EGF and (G) KGF mRNA, for all treatments, 
three days post wounding, are shown in the left panel. The 
levels of (B) connexin43, (D) BMP-6, (F) EGF and (H) KGF 
mRNA, for combination treatments, over the course of heal 
ing, are shown in the right panel. All mRNA levels are relative 
to the levels of GAPDH and unwounded skin. Values repre 
sent the mean+SE (n=3) and were consistent with values 
determined when the procedure was repeated with the 4 right 
flank wounds from each treatment group. 
0083 FIG. 6. Combination treatment of VEGF and IL-10 
reduces inflammatory cell recruitment into the wound to a 
similar extent as individual IL-10 treatments. (A) Zinc-fixed, 
paraffin-embedded skin sections from wound biopsies taken 
on day 6 were stained for the macrophage marker F4/80 
(green staining; blue, nuclear staining). Representative 
images are shown of wounded skin treated with different viral 
and mammalian factors. Scale is indicated in the bottom right 
panel and examples of F4/80+ve cells are enlarged. (B) The 
number of inflammatory cells within 0.57 mm of the wound 
edge was quantified from 2 wounds from each of 4 mice. 
Values are expressed as the mean F4/80+ve macrophages per 
1000 mm-tSE. Values significantly below that of untreated 
wounds are indicated by an asterisk (Ps0.05). 
0084 FIG. 7. Combination treatment of viral VEGF and 
IL-10 reduces wound inflammation by altering the timing and 
level of key regulators of inflammatory cell migration and 
activation. The expression of key inflammatory regulators in 
wounded skin treated with different viral and mammalian 
factors was examined over time using quantitative RT-PCR. 
cDNA was prepared by reverse transcription of total RNA (4 
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left flank wounds combined/treatment group). The level of 
(A) IL-1B, (B) IL-6, (C) CCL2/MCP-1, (D) CXCL2/MIP-2o., 
(E) IL-10, and (F) Osteopontin/SPP-1 mRNA are shown for 
all treatments three days post wounding. All mRNA levels are 
relative to the levels of GAPDH and unwounded skin. Values 
represent the mean+SE (n=3) and were consistent with values 
determined when the procedure was repeated with the 4 right 
flank wounds from each treatment group. 
0085 FIG.8. Combination treatment of VEGF and IL-10 
reduces myofibroblast differentiation. The addition of VEGF 
to its respective IL-10 did not diminish the ability of the viral 
or mammalian IL-10 to reduce myofibroblast differentiation. 
(A) Zinc-fixed, paraffin-embedded skin sections from wound 
biopsies taken on day 6 were stained for the fibroblast marker 
Vimentin (green staining) and the myofibroblast marker 
C.SMA (red staining; blue, nuclear staining). Representative 
images are shown of wounded skin treated with different viral 
and mammalian factors. Scale is indicated and examples of 
stained cells are enlarged. (B) The intensity of red C.SMA 
staining within the granulation tissue was quantified from two 
wounds from each of 4 mice. Values are expressed as the total 
C.SMA intensity-ESE. Values significantly below that of 
untreated wounds are indicated by an asterisk (Ps0.05). 
0086 FIG.9. Combination treatment of VEGF and IL-10 
promotes vascular regeneration to a similar extent as indi 
vidual VEGF treatments. (A) Re-vascularization of the neo 
dermis was examined in wounded skin treated with different 
viral and mammalian factors. Zinc-fixed, paraffin-embedded 
skin sections from wound biopsies taken on day 9 were 
stained with MSB trichrome and photographed. Scale is indi 
cated in the bottom right panel and examples of blood vessels 
(BV) are labeled. (B) The extent of dermal vascularization 
was quantified in 6 Serial sections from 2 wounds from each 
of 4 mice by determining the fraction of dermis containing 
blood. Values are expressed as the mean areal fraction-ESE. 
The areal fractions significantly above that of untreated 
wounds are indicated by an asterisk (P<0.05). 
0087 FIG.10. Combination treatment of VEGF and IL-10 
accelerates blood vessel maturation in the wound to a similar 
extent as individual VEGF treatments. (A) Zinc-fixed, paraf 
fin-embedded skin sections from wound biopsies taken on 
day 9 were stained for the endothelial cell marker VWF and 
the periocyte marker C.SMA (green, VWF staining; red, 
C.SMA staining; blue, nuclear staining). Representative 
images are shown of wounded skin treated with different viral 
and mammalian factors. Scale is indicated in the bottom right 
panel and examples of red blood cells (auto-fluoresce orange? 
yellow) immature VWF'? endothelial cells (ECs only) and 
mature vessels containing VWF' endothelial cells sur 
rounded by C.SMA'? periocytes (EC/periocyte) are enlarged 
and labelled. B. The total number of v WF' cells within the 
neo-dermis and the proportion associated with CSMA'? 
cells were quantified from 2 wounds from each of 4 mice. 
Values are expressed as the mean v WF' cells per 1000 
um-ESE. The average proportion of total v WF' cells found 
adjacent to C.SMA''' cells, for each treatment, is shaded dark 
grey. Values significantly above that of untreated wounds are 
indicated by an asterisk (Ps0.05). (C) The total number of red 
blood cells within the neo-dermis was also quantified from 
two wounds from each of 4 mice. Values are expressed as the 
mean red blood cells per 1000 um:SE. Values significantly 
below that of untreated wounds are indicated by an asterisk 
(P<0.05). 
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0088 FIG. 11. Combination treatment of viral VEGF and 
IL-10 promotes vascular regeneration by altering the timing 
and level of key regulators of blood vessel formation. The 
expression of key vascular regulators in wounded skin treated 
with different viral and mammalian factors was examined 
over time using quantitative RT-PCR. cDNA was prepared by 
reverse transcription of total RNA (4 left flank wounds com 
bined/treatment group). The level of (A) VEGF-A, (B) 
PDGF-B B, (C) CXCL4/PF4 and (D) Protein C mRNA, for all 
treatments, three days post wounding, are shown in the left 
panel. The levels of (E) VEGF-A, (F) PDGF-f|B, (G) CXCL4/ 
PF4 and (H) Protein C mRNA, for combination treatments, 
over the course of healing, are shown in the right panel. All 
mRNA levels are relative to the levels of GAPDH and 
unwounded skin. Values represent the meant-SE (n=3) and 
were consistent with values determined when the procedure 
was repeated with the 4 right flank wounds from each treat 
ment group. 

0089 FIG. 12. Combination treatment with the viral 
VEGF and IL-10 accelerates dermal wound closure to a 
greater extent than the individual factors or mammalian com 
bination but results in less granulation tissue formation than 
all other treatments. (A) Dermal regeneration was examined 
in wounded skin treated with different viral and mammalian 
factors. Skin biopsies taken at days 3, 6 and 9 were fixed in 
Zinc salts solution and paraffin-embedded, then 4 um sections 
were stained with MSB trichrome and photographed. Scale is 
indicated in the bottom right panel. (B) A schematic of a 
wound section with histological features labeled. Dermal 
coverage was calculated as the percentage of area of wound 
bed covered by granulation tissue as indicated. (C) Dermal 
coverage was quantified from 6 serial sections from 2 wounds 
from each of 4 mice using Image.J and is expressed as the 
mean +/-SE. (D) The area (2/section) of the granulation 
tissue is expressed as the mean +/-SE. Values significantly 
greater than that of untreated skin (Ps0.05) are indicated by 
an asterisk. Significant differences between individual mam 
malian and viral treatments or between individual and com 
bination treatments or between mammalian and viral combi 
nation treatments are indicated with a hash. 

0090 FIG. 13. Combination treatment with the viral 
VEGF and IL-10 accelerates granulation tissue remodeling to 
a greater extent than the individual treatments and the mam 
malian equivalents. Collagen content within the granulation 
tissue, of MSB trichrome-stained sections from skin biopsies 
taken at day 9, was calculated as the intensity of blue staining 
per pixel and is expressed as the mean +/-SE. Values signifi 
cantly greater than that of untreated skin (P<0.05) are indi 
cated by an asterisk. Significant differences between treat 
ments are indicated with a hash or the P value is stated. 

0091 FIG. 14. Combination treatment of viral VEGF and 
IL-10 enhances granulation tissue remodelling by altering the 
timing and level of key regulators of dermal maturation. The 
expression of key dermal regulators in wounded skin treated 
with different viral and mammalian factors was examined 
over time using quantitative RT-PCR. cDNA was prepared by 
reverse transcription of total RNA (4 left flank wounds com 
bined/treatment group). The level of (A) C.SMA, (B) TGF-31, 
(C) TGF-33, (D) p53, (E) type III collagen and 
0092 (F) type I collagen mRNA are shown for combina 
tion treatments over the course of healing. All mRNA levels 
are relative to the levels of GAPDH and unwounded skin. 
Values represent the meantSE (n=3) and were consistent 
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with values determined when the procedure was repeated 
with the 4 right flank wounds from each treatment group. 
0093 FIG. 15. Combination treatment of viral VEGF-E 
and IL-10 enhances scar resolution to a greater extent than the 
individual treatments or the mammalian equivalents. (A) 
Photographs of the healed punch wounds at the indicated time 
points following treatment with different viral and mamma 
lian factors. (B) External wounds (day 13) were scored visu 
ally on a scale of 1:5, where one represented a fully resolved 
wound while five denoted that an obvious scar and are pre 
sented as the mean +/-SE (n=8 wounds per group, scored by 
6 observers). (C) The area of internal scars (day 16) were 
measured using Image J and are presented as the mean +/-SE 
(n =8). Values significantly less than mock-treated wounds 
(P<0.05) are indicated by an asterisk. Significant differences 
between certain treatments are indicated with a hash. 

DETAILED DESCRIPTION 

0094. As indicated in the Brief Summary and described in 
detail herein, the inventions relate to the use of a viral VEGF 
with regenerative properties and an anti-inflammatory viral 
interleukin in combination for accelerating/improving wound 
healing while reducing scarring and inflammation. In one 
embodiment, the viral VEGF is VEGF-E and viral interleukin 
is IL-10. For example, a VEGF-E and a viral IL-10 from the 
orf virus may be used. Various Examples show the Surprising 
attributes of a combination of treatment with a viral VEGF 
with regenerative properties and with an anti-inflammatory 
viral interleukin. 

0095. In Example 2, a combination treatment of viral 
VEGF-E and viral IL-10 reduces wound size to a greater 
extent than the individual viral treatments or the cellular 
combination (see FIG. 1). It also demonstrates that the com 
bination treatment of viral VEGF-E and viral IL-10 enhances 
wound closure to a greater extent than the mammalian (also 
referred to as the “cellular) combination (see FIG. 2). As 
shown in Examples 3 and 5, a combination treatment of viral 
VEGF-E and viral IL-10 also enhances epidermal regenera 
tion to a greater extent than the individual treatments (see 
FIGS. 3 and 5). Examples 4 and 5, additionally, demonstrate 
that a combination treatment of viral VEGF-E and viral IL-10 
prevents the epidermal hyperplasia induced by VEGF treat 
ment alone (see FIGS. 4 and 5). 
0096. In Examples 6 and 7, the combination treatment of 
viral VEGF-E and viral IL-10 is shown to decrease wound 
inflammation and, importantly, to prevent the inflammatory 
response induced by VEGF treatment alone (see FIGS. 6 and 
7). Example 8 demonstrates that the combination treatment of 
viral VEGF-E and viral IL-10 also reduces myofibroblast 
differentiation and will limit wound contraction (see FIG. 8). 
Examples 9, 10 and 11 show that the combination treatment 
of viral VEGF-E and viral IL-10 can promote wound re 
vascularization (see FIGS. 9-11). The combination treatment 
of viral VEGF-E and viral IL-10 was also shown in Examples 
12-14 to enhance dermal regeneration and granulation tissue 
remodeling to a greater extent than the individual viral treat 
ments or the mammalian/cellular combination (see FIGS. 
12-14). 
0097 Example 15 demonstrates that the combination 
treatment of viral VEGF-E and viral IL-10 visually improves 
scar resolution and reduces scar size to a greater extent than 
the individual viral treatments or the mammalian/cellular 
combination (see FIG. 15). 
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0098. In summary, as shown in Examples 2 and 12-15 and 
related FIGS. 1 and 12-15, combining a viral VEGF with 
regenerative properties and an anti-inflammatory viral inter 
leukin, such as VEGF-E and viral IL-10, for example, 
enhances wound closure and dermal regeneration/remodel 
ing, and limits scarring, to a greater extent than the individual 
viral treatments or the mammalian/cellular combination. 
Additionally, as shown in Examples 3-5 and FIGS. 3-5, treat 
ment with a combination of VEGF with regenerative proper 
ties and an anti-inflammatory interleukin from a viral source, 
enhances epidermal regeneration and resolution to a greater 
extent than the individual treatments. Importantly, combining 
a virally-sourced VEGF and anti-inflammatory interleukin 
does not impair the ability of the interleukin, for example 
VIL-10, to decrease inflammation and myofibroblast differ 
entiation and prevents the inflammatory side effects of VEGF 
treatment. This is demonstrated in Examples 6-8 (see related 
FIGS. 6-8). Another important aspect of the inventions is that 
combining a viral VEGF and a viral interleukin, such as 
VEGF-E and VIL-10, for example, does not impair the ability 
of the VEGF to enhance wound re-vascularization (see 
Examples 9-11, and FIGS. 9-11). 

Definitions 

0099. As used herein, a “disorder is any disorder, disease, 
or condition that would benefit from an agent that initiates, 
accelerates, promotes or enhances wound healing (including 
acute wounds, dehiscent wounds, and slow-healing delayed 
healing and chronic wounds), reduces inflammation, reduces 
or lessens scarring, improves scar quality, reduces fibrosis, 
and/or reduces adhesions. For example, diseases, disorders, 
and conditions include acute wounds. Diseases, disorders, 
and conditions also include dehiscent wounds, and slow 
healing delayed-healing and chronic wounds. Also included 
are diseases, disorders, and conditions characterized by 
excess production of fibrous material, including excess pro 
duction of fibrous material within the extracellular matrix. 
Also included are diseases, disorders and conditions charac 
terized by replacement of normal tissue elements by abnor 
mal, non-functional, and/or excessive accumulation of 
matrix-associated components. Also included are diseases, 
disorders and conditions characterized by adhesion forma 
tion. Also included is any disorder, disease, or condition that 
would benefit from an agent that promotes wound healing 
and/or reduces Swelling, inflammation, and/or Scarformation 
(including abnormal and excessive scarring, including keloid 
Scars, hypertrophic scars, widespread (stretched) scars, and 
atrophic (depressed) scars). For example, included are 
wounds resulting from Surgery or trauma, wounds that do not 
heal at expected rates (such as delayed-healing wounds, 
incompletely healing wounds, chronic wounds, and dehiscent 
wounds), and wounds associated abnormalities in connection 
with neuropathic, ischemic, microvascular pathology, pres 
Sure over bony area (tailbone (sacral), hip (trochanteric), but 
tocks (ischial), or heel of the foot), reperfusion injury, and 
valve reflux etiology and conditions. Also included are dis 
eases, disorders and conditions that would benefit from 
enhanced cellular migration, lessened cellular adhesion, scar 
ring and inflammation as described herein. 
0100. As used herein, “subject” refers to any mammal, 
including humans, domestic and farm animals, and Zoo, 
sports, and pet animals, such as dogs, horses, cats, sheep, 
pigs, cows, etc. The preferred mammal herein is a human, 
including adults, children, and the elderly. A subject may also 
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be a bird, including Zoo, sports, and pet birds. Preferred sports 
animals are horses and dogs. Preferred pet animals are dogs 
and cats. 
0101. As used herein, "preventing” means preventing in 
whole or in part, orameliorating or controlling, or reducing or 
halting the production or occurrence of the thing or event, for 
example, the disease, disorder or condition, to be prevented. 
0102. As used herein, a “therapeutically effective amount 
or “effective amount in reference to the compounds or com 
positions of the instant invention refers to the amount suffi 
cient to induce a desired biological, pharmaceutical, orthera 
peutic result. That result can be alleviation of the signs, 
symptoms, or causes of a disease or disorder or condition, or 
any other desired alteration of a biological system. In the 
present invention, the result will involve preventing fibrosis. 
In another aspect of the present invention, the result will 
involve the prevention and/or reduction of adhesions. In 
another aspect of the present invention, the result will involve 
the prevention and/or reduction of scarring and abnormal 
scarring, as well as prevention and/or reduction of excessive 
scar formation and other types of abnormal proliferation of 
tissue, including keloid Scars, hypertrophic scars, widespread 
Scars, and atrophic Scars. In another aspect of the present 
invention, the result will involve the prevention and/or reduc 
tion of inflammation in any tissue or organ. 
0103) According to a further aspect, the result will involve 
the promotion and/or improvement of wound healing and 
closure of wounds, in whole or in part, including improve 
ments in rates of healing. Other benefits include reductions in 
Swelling, inflammation and/or scar formation, in whole or in 
part. 
0104. As used herein, the terms “treating and “treatment' 
refer to both therapeutic treatment and prophylactic or pre 
ventative measures. Those in need of treatment include those 
already with the disease, disorder or condition as well as those 
prone to having the diease, disorder or condition or diagnosed 
with the disease, disorder or condition or those in which the 
disease, disorder or condition is to be prevented. Thus, by way 
of example, the promotion of wound healing, the reduction of 
inflammation, the promotion of cell migration, the reduction 
of cellular adhesion, anti-fibrotic applications of compounds 
and compositions and formulations of the invention admin 
istered prior to the formation of fibrosis or fibrotic tissue are 
within the Scope of the present invention, as are anti-adhesion 
applications of compounds and compositions and formula 
tions of the invention administered prior to the formation of 
an adhesion, and anti-scarring applications of compounds 
and compositions and formulations of the invention admin 
istered prior to scar formation including, for example, in a 
scar reduction Surgery or procedure (or Surgical pre-treat 
ment). 
0105. As used herein, a “viral VEGF include vascular 
endothelial growth factors of viral origin, and include viral 
VEGFs with regenerative properties, as well as naturally 
occurring or non-naturally occurring molecules that mimic 
the regenerative properties of vascular endothelial growth 
factors of viral origin (e.g., VEGF-E). For example, viral 
VEGFs that promote angiogenesis are included, as are viral 
VEGFs that promote epidermal regeneration. In one embodi 
ment, the viral VEGF may be a VEGF-E. In another embodi 
ment, the viral VEGF is orf virus VEGF. Examples of other 
viral vascular endothelial growth factors include parapoxvi 
rus VEGFs, as well as VEGFs from all orf virus strains that 
encode a VEGF-E (e.g., NZ2, NZ10, NZ7, D1701 and so on). 
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Parapoxvirus VEGFs include VEGFs from parapoxvirus 
strains BPSV, PVNZ and PCPV, and all other strains that 
encode a VEGF-E. VEGFs from other viral species are 
included. In other embodiments, the viral VEGF can be any 
molecule, whether naturally occurring or non-naturally 
occurring (including derivatives or variants of a naturally 
occurring molecule designed or discovered (e.g., through 
random or directed mutagenesis)), that activates VEGFR-2 
more than the VEGFR-1. In other embodiments, the viral 
VEGF can be any molecule, whether naturally occurring or 
non-naturally occurring (including derivatives or variants of a 
naturally occurring molecule designed or discovered (e.g., 
through random or directed mutagenesis)), that activates 
VEGFR-2 but does not appreciably bind to or activate 
VEGFR-1. 
0106. As used herein, an “anti-inflammatory cytokine' is 
a cytokine of viral or mammalian origin that is useful in 
controlling or ameliorating inflammation. 
0107 As used herein, a “viral anti-inflammatory cytok 
ine' is a cytokine of viral origin that is useful in controlling or 
ameliorating inflammation. Similarly, a “mammalian anti 
inflammatory cytokine' is a cytokine of mammalian origin 
that is useful in controlling or ameliorating inflammation. 
0108. As used herein, a “mammalian anti-inflammatory 
interleukin’ is an interleukin of mammalian origin that is 
useful in controlling or ameliorating inflammation. 
0.109 As used herein, the terms “mammalian' and “cellu 
lar in the context of for example, an anti-inflammatory 
cytokine or an anti-inflammatory interleukin are intended to 
mean the same thing, that is (e.g.) the cytokine or interleukin 
is from a cellular or mammalian origin. 
0110. As used herein, an “anti-inflammatory viral inter 
leukin’ is an interleukin of viral origin that is useful in con 
trolling or ameliorating inflammation. Anti-inflammatory 
viral interleukins include IL-10 of viral origin. For example, 
anti-inflammatory viral interleukins include IL-10 from the 
orf virus. Other examples of viral interleukin species include 
viral interleukins from orf viruses, EBVs, CMVs, including 
IL-10s from these and other viruses. Viral interleukins 
include poxvirus IL-17 homologues, the EBV CXCR 
homolog, and the KSHV IL-6 homolog and IL-8R homo 
logue. These and all other viral interleukins with anti-inflam 
mtory activity are within the scope of the present invention. 
Poxviruses also have anti-inflammatory chemokine mimics, 
interleukin/TNF/chemokine binding proteins and other 
IL-119/20/22-like proteins. All such proteins having anti 
inflammtory activity are within the scope of the present inven 
tion. 
0111. The terms “peptidomimetic' and “mimetic' include 
naturally occurring and synthetic chemical compounds that 
may have Substantially the same structural and functional 
characteristics of protein regions that they mimic. In the case 
of connexin proteins, these may mimic, for example, the 
extracellular loops of connexin-repeating domains in the 
extracellular region of connexin proteins involved in con 
nexin repeat association, adherens junction formation and 
maintenance, and cell-cell adhesion. 
0112 “Peptide analogs’ refer to the compounds with 
properties analogous to those of the template peptide and may 
be non-peptide drugs. “Peptidomimetics' (also known as 
“mimetic peptides’), which include peptide-based com 
pounds, also include Such non-peptide based compounds 
Such as peptide analogs. Peptidomimetics that are structurally 
similar to therapeutically useful peptides may be used to 
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produce an equivalent or enhanced therapeutic or prophylac 
tic effect. Generally, peptidomimetics are structurally identi 
cal or similar to a paradigm polypeptide (i.e., a polypeptide 
that has a biological or pharmacological function or activity), 
but can also have one or more peptide linkages optionally 
replaced by a linkage selected from the group consisting of 
for example, —CH2NH-, —CHS , —CH2—CH2—, 
—CH=CH (cis and trans), —COCH , —CH(OH) 
CH , and —CHSO—. The mimetic can be either entirely 
composed of natural amino acids, or non-natural analogues of 
amino acids, or, is a chimeric molecule of partly natural 
peptide amino acids and partly non-natural analogs of amino 
acids. The mimetic can also comprise any amount of natural 
amino acid conservative Substitutions as long as such substi 
tutions also do not substantially alter mimetic activity. For 
example, in one embodiment, a mimetic composition may be 
useful as an anti-connexin agent if it is capable of down 
regulating biological actions or activities of connexin pro 
teins, connexin complexes, or adherensjunctions, such as, for 
example, preventing the head-to-head association of con 
nexin repeats of opposing connexin extracellular domains on 
adjoining cells, association of connexin proteins in the same 
cell, formation of connexin complexes in cells, association of 
connexin complexes with the actin cytoskeleton, and/or adhe 
rens junction formation. 
0113. The terms “modulator” and “modulation” of activ 

ity, as used herein in its various forms, refers to inhibition in 
whole or in part of the expression or action or activity of a 
compound, for example, a connexin protein, connexin com 
plex, or adherens junction, and may function as anti-connexin 
agents. 
0114. In general, the term “protein’ refers to any polymer 
of two or more individual amino acids (whether or not natu 
rally occurring) linked via peptide bonds, as occur when the 
carboxyl carbon atom of the carboxylic acid group bonded to 
the alpha-carbon of one amino acid (or amino acid residue) 
becomes covalently bound to the amino nitrogen atom of the 
amino group bonded to the alpha-carbon of an adjacentamino 
acid. These peptide bond linkages, and the atoms comprising 
them (i.e., alpha-carbon atoms, carboxyl carbon atoms (and 
their Substituent oxygen atoms), and amino nitrogen atoms 
(and their substituent hydrogen atoms)) form the “polypep 
tide backbone of the protein. In addition, as used herein, the 
term “protein' is understood to include the terms “polypep 
tide' and “peptide' (which, at times, may be used inter 
changeably herein). Similarly, protein fragments, analogs, 
derivatives, and variants may be referred to herein as “pro 
teins.” and shall be deemed to be a “protein' unless otherwise 
indicated. The term “fragment of a protein refers to a 
polypeptide comprising fewer than all of the amino acid 
residues of the protein. A “domain of a protein is also a 
fragment, and comprises the amino acid residues of the pro 
tein often required to confer activity or function. 
0115. As used herein, “simultaneously' is used to mean 
that the one or more agents of the invention, for example, 
vascular endothelial growth factor and anti-inflammatory 
cytokine, are administered concurrently, whereas the term "in 
combination' is used to mean they are administered, if not 
simultaneously or in physical combination, then “sequen 
tially” within a time frame that they both are available to act 
therapeutically. Thus, administration “sequentially may per 
mit one agent to be administered within minutes (for 
example, 1, 2, 3, 4, 5, 10, 15, 20, 25, 30) minutes or a matter 
of hours, days, weeks, or months after the other, provided that 
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both are present ineffective amounts. The time delay between 
administration or administrations of the components will 
vary depending on the exact nature of the components, the 
interaction between them, and their respective half-lives. 
0116. The term “dressing refers to a dressing for topical 
application to a wound (or to a tissue or organ) and excludes 
compositions Suitable for systemic administration. For 
example, the one or more viral VEGFs and/or anti-inflamma 
tory viral interleukins may be dispersed in or on a solid sheet 
of wound contacting material Such as a woven or nonwoven 
textile material, or may be dispersed in a layer of foam such as 
polyurethane foam, or in a hydrogel Such as a polyurethane 
hydrogel, a polyacrylate hydrogel, gelatin, carboxymethyl 
cellulose, pectin, alginate, and/or hyaluronic acid hydrogel, 
for example in a gel or ointment. In certain embodiments the 
one or more viral VEGFs and/or anti-inflammatory viral 
interleukins are dispersed in or on a biodegradable sheet 
material that provides Sustained release of the active ingredi 
ents into the wound, for example a sheet of freeze-dried 
collagen, freeze-dried collagen/alginate mixtures (available 
under the Registered Trade Mark FIBRACOL from Johnson 
& Johnson Medical Limited) or freeze-dried collagen/oxi 
dized regenerated cellulose (available under the Registered 
Trade Mark PROMOGRAN from Johnson & Johnson Medi 
cal Limited). 
0117. As used herein, "matrix” includes for example, 
matrices such as collagen, acellular matrices, crosslinked 
biological scaffold molecules, tissue-based matrices (includ 
ing pig-based wound healing matrices), cultured epidermal 
autografts, cultured epidermal allografts, tissue-engineered 
skin, collagen and glycosaminoglycan dermal matrices 
inoculated with autologous fibroblasts and keratinocytes, 
Alloderm R) (a nonliving allogeneic acellular dermal matrix 
with intact basement membrane complex), living skin equiva 
lents (e.g., Dermagraft(R) (living allogeneic dermal fibroblasts 
grown on degradable scaffold), TransCyte R (an extracellular 
matrix generated by allogeneic human dermal fibroblasts), 
Apligraf R (a living allogeneic bilayered construct containing 
keratinocytes, fibroblasts and bovine type I collagen), Inte 
gra R (two-layer membrane system for skin replacement 
comprising a dermal replacement layer made of a porous 
template of fibers of bovine tendon collagen and glycosami 
noglycan (chondroitin-6-sulfate) and an epidermal Substitute 
layer made of thin silicone to control moisture loss), CyZ 
actTM (human dermal fibroblasts delivered via a fibrin), ICX 
SKN (a combination of fibroblasts and fibrin matrix that are 
remodeled to produce a collagen matrix), KeragraftTM (a 
human stem cell-derived product being developed for wound 
care as an autologous epidermal equivalent), OASIS(R) 
Wound Matrix (biologically derived extracellular matrix 
based wound product created from porcine-derived acellular 
small intestine submucosal), and OrCelTM (allogeneic fibro 
blasts and keratinocytes seeded in opposite sides of bilayered 
matrix of bovine collagen), BioBrane, cultured allogenic 
keratinocytes, animal derived dressings (e.g., Oasis's porcine 
Small intestinal Submucosa acellular collagen matrix; and 
E-Z Derms acellular Xenogeneic collagen matrix), tissue 
based bioengineered structural frameworks, scaffolds, biom 
anufactured bioprostheses, and other implanted or applied 
structures such as for example, Vascular grafts Suitable for cell 
infiltration and proliferation useful in the promotion of 
wound healing. A matrix is also provided by a cell therapy 
spray suspension known as HP802-247, being developed by 
HealthPoint, which consists of two components that are 
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sprayed sequentially on the wound bed at the time of treat 
ment: a fibrinogen Solution and a cell preparation containing 
a mixture of growth arrested, living, allogeneic epidermal 
keratinocytes and dermal fibroblasts. 
0118. Additional suitable biomatrix material may include 
chemically modified collagenous tissue to reduce antigenic 
ity and immunogenicity. Other Suitable examples include 
collagen sheets for wound dressings, antigen-free or antigen 
reduced acellular matrix (Wilson, et al., Trans Am Soc Artif 
Intern 1990;36:340-343), or other biomatrices that have been 
engineered to reduce the antigenic response to the Xenograft 
material. Other matrices useful in promotion of wound heal 
ing may include for example, processed bovine pericardium 
proteins comprising insoluble collagen and elastin (Court 
man, et al., J Biomed Mater Res 1994; 28:655-666) and other 
acellular tissue which may be useful for providing a natural 
microenvironment for host cell migration to accelerate tissue 
regeneration (Malone, et al., J. Vasc Surg 1984; 1:181-91). In 
certain embodiments, the matrix material may be supple 
mented with one or more anti-connexin agents, anti-os 
teopontin agents, anti-connexin43 agents, and/or the one or 
more therapeutic agents for site-specific release of Such 
agents and/or viral VEGFs and/or anti-inflammatory viral 
interleukins. 

Wounds and Wound Classification 

0119 Chronic wounds, slow healing wounds, and incom 
plete healing wounds often result in infection and can lead to 
amputation or death. It has been discovered that use of certain 
compounds, including those described or referenced herein, 
may block, inhibit, or alter cell communications, which may 
promote closure and healing in chronic, slow healing, and 
incomplete healing wounds. 
0120) By “wound is meant an injury to any tissue, includ 
ing, for example, acute, delayed, slow, or difficult to heal 
wounds, and chronic wounds. Examples of wounds may 
include both open and closed wounds. Wounds include, for 
example, burns, incisions, excisions, lacerations, abrasions, 
puncture or penetrating wounds, Surgical wounds, contu 
sions, hematomas, crushing injuries, and ulcers. Also 
included are wounds that do not heal at expected rates. 
0121 By a “wound that does not heal at thefan expected 
rate' is meant an injury to any tissue that does not heal in an 
expected or typical time frame, including delayed, slow, or 
difficult to heal wounds (including delayed or incompletely 
healing wounds), and chronic wounds. Examples of wounds 
that do not heal at the expected rate include diabetic ulcers, 
diabetic foot ulcers, vasculitic ulcers, arterial ulcers, venous 
ulcers, venous stasis ulcers, pressure ulcers, decubitus ulcers, 
infectious ulcers, trauma-induced ulcers, burn ulcers, ulcer 
ations associated with pyoderma gangrenosum, and mixed 
ulcers. 
0122. As described herein, a delayed or difficult to heal 
wound may include, for example, a wound that is character 
ized at least in part by one or more of 1) a prolonged inflam 
matory phase, 2) a slow forming extracellular matrix, and 3) 
a stalled or decreased rate of epithelialization. 
0123. In the art, the term "chronic wound” refers generally 
to a wound that has not healed within about three months, but 
can be wounds that have not healed within about one or two 
months. Chronic skin wounds include, for example, pressure 
ulcers, diabetic ulcers, venous ulcers, arterial ulcers, inflam 
matory ulcers, and mixed ulcers. The chronic wound may be 
an arterial ulcer that can include ulcerations resulting from 
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complete or partial arterial blockage. The chronic wound may 
be a venous stasis ulcer, which can include ulcerations result 
ing from a malfunction of the venous valve and the associated 
vascular disease. The chronic wound may be a trauma-in 
duced ulcer. 

0.124. As used herein, chronic wound can also include, for 
example, a wound that is characterized at least in part by 1) a 
chronic self-perpetuating state of wound inflammation, 2) a 
deficient and defective wound extracellular matrix (ECM), 3) 
poorly responding (senescent) wound cells (e.g. fibroblasts), 
limited ECM production, and 4) failure of re-epithelialization 
due in part to lack of the necessary ECM orchestration and 
lack of scaffold for migration. 
0.125 Chronic wounds can also be characterized, for 
example, by 1) prolonged inflammation and proteolytic activ 
ity, leading to ulcerative lesions, including, for example, dia 
betic, pressure (decubitus), venous, and arterial ulcers, 2) 
prolonged fibrosis in the wound leading to Scarring, 3) pro 
gressive deposition of matrix in the affected area, 4) longer 
repair times, 5) less wound contraction, 6) slower re-epithe 
lialization, and 7) increased thickness of granulation tissue. 
0.126 Exemplary chronic wounds also include “pressure 
ulcers.” Exemplary pressure ulcers may include all four 
stages of wound classifications based on AHCPR (Agency for 
Health Care Policy and Research, U.S. Department of Health 
and Human Services) guidelines, including for example, 
Stage 1. A Stage 1 pressure ulcer is an observable pressure 
related alteration of intact skin whose indicators as compared 
to the adjacent or opposite area on the body may include 
changes in one or more of the following: skin temperature 
(warmth or coolness), tissue consistency (firm or boggy feel), 
and/or sensation (pain, itching). The ulcer appears as a 
defined area of persistent redness in lightly pigmented skin, 
whereas in darker skin tones, the ulcer may appear with 
persistent red, blue, or purple hues. Stage 1 ulceration may 
include nonblanchable erythema of intact skin and the her 
alding lesion of skin ulceration. In individuals with darker 
skin, discoloration of the skin, warmth, edema, induration, or 
hardness may also be indicators of stage 1 ulceration. Stage 2 
ulceration may be characterized by partial thickness skin loss 
involving epidermis, dermis, or both. The ulcer is Superficial 
and presents clinically as an abrasion, blister, or shallow 
crater. Stage 3 ulceration may be characterized by full thick 
ness skin loss involving damage to or necrosis of Subcutane 
ous tissue that may extend down to, but not through, under 
lying fascia. The ulcer presents clinically as a deep crater with 
or without undermining of adjacent tissue. Stage 4 ulceration 
may be characterized by full thickness skin loss with exten 
sive destruction, tissue necrosis, or damage to muscle, bone, 
or Supporting structures (e.g., tendon, joint capsule, etc.). 
I0127 Exemplary chronic wounds also include “decubitus 
ulcers.” Exemplary decubitus ulcer may arise as a result of 
prolonged and unrelieved pressure over a bony prominence 
that leads to ischemia. The wound tends to occur in patients 
who are unable to reposition themselves to off-load weight, 
Such as paralyzed, unconscious, or severely debilitated per 
sons. As defined by the U.S. Department of Health and 
Human Services, the major preventive measures include 
identification of high-risk patients; frequent assessment; 
I0128 and prophylactic measures such as scheduled repo 
sitioning, appropriate pressure-relief bedding, moisture bar 
riers, and adequate nutritional status. Treatment options may 
include, for example, pressure relief, Surgical and enzymatic 
debridement, moist wound care, and bacterial load control. 
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Certain embodiments of the invention involve treating a 
chronic wound characterized by a decubitus ulcer or ulcer 
ation that results from prolonged, unrelieved pressure over a 
bony prominence that leads to ischemia. 
0129. Exemplary chronic wounds also include “arterial 
ulcers.” Arterial ulcers include those characterized by com 
plete or partial arterial blockage, which may lead to tissue 
necrosis and/or ulceration. Signs of arterial ulcer can include, 
for example, pulselessness of the extremity; painful ulcer 
ation; Small, punctate ulcers that are usually well circum 
scribed; cool or cold skin; delayed capillary return time 
(briefly push on the end of the toe and release, normal color 
should return to the toe in about 3 seconds or less); atrophic 
appearing skin (for example, shiny, thin, dry); and loss of 
digital and pedal hair. 
0130 Exemplary chronic wounds also include “venous 

ulcers. Exemplary venous ulcers include the most common 
type of ulcer affecting the lower extremities and may be 
characterized by malfunction of the venous valve. The normal 
vein has valves that prevent the backflow of blood. When 
these valves become incompetent, the backflow of venous 
blood causes venous congestion. Hemoglobin from the red 
blood cells escapes and leaks into the extravascular space, 
causing the brownish discoloration commonly noted. It has 
been shown that the transcutaneous oxygen pressure of the 
skin Surrounding a venous ulcer is decreased, indicating that 
there are forces obstructing the normal vascularity of the area. 
Lymphatic drainage and flow also plays a role in these ulcers. 
A venous ulcer can appear near the medial malleolus and 
usually occurs in combination with an edematous and indu 
rated lower extremity; it may be shallow, not too painful, and 
may present with a weeping discharge from the affected site. 
0131 Exemplary chronic wounds also include “venous 
Stasis ulcers. Exemplary venous stasis ulcer are character 
ized by chronic passive venous congestion of the lower 
extremities that results in local hypoxia. One possible mecha 
nism of pathogenesis of these wounds includes the impedi 
ment of oxygen diffusion into the tissue across thick perivas 
cular fibrin cuffs. Another mechanism is that macromolecules 
leaking into the perivascular tissue trap growth factors needed 
for the maintenance of skin integrity. Additionally, the flow of 
large white blood cells slows due to venous congestion, 
occluding capillaries, becoming activated, and damaging the 
vascular endothelium to predispose to ulcer formation. 
0132) Exemplary chronic wounds further include “dia 
betic foot ulcers.” Diabetic patients with exemplary diabetic 
foot ulcer are prone to foot ulcerations due to both neurologic 
and vascular complications. Peripheral neuropathy can cause 
altered or complete loss of sensation in the foot and/or leg. 
Diabetic patients with advanced neuropathy lose all ability 
for sharp-dull discrimination. Any cuts or trauma to the foot 
may go completely unnoticed for days or weeks in a patient 
with neuropathy. A patient with advanced neuropathy can 
lose the ability to sense a Sustained pressure insult and, as a 
result, tissue ischemia and necrosis may occur leading to, for 
example, plantar ulcerations. Additionally, microfractures in 
the bones of the foot, ifunnoticed and untreated, may result in 
disfigurement, chronic Swelling, and additional bony promi 
nences. Microvascular disease is one of the significant com 
plications for diabetics that may also lead to ulcerations. 
0.133 Exemplary chronic wounds can include “traumatic 

ulcers. Formation of exemplary traumatic ulcers may occur 
as a result of traumatic injuries to the body. These injuries 
include, for example, compromises to the arterial, venous, or 
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lymphatic systems; changes to the bony architecture of the 
skeleton; loss of tissue layers—epidermis, dermis, Subcuta 
neous Soft tissue, muscle or bone; damage to body parts or 
organs and loss of body parts or organs. 
0.134 Exemplary chronic wounds can include “burn 
ulcers' including, for example, ulceration that occur as a 
result of a burn injury, including a first degree burn (i.e., 
Superficial, reddened area of skin); a second degree burn (a 
blistered injury site which may heal spontaneously after the 
blister fluid has been removed); a third degree burn (burn 
through the entire skin and usually require Surgical interven 
tion for wound healing); scalding (may occur from Scalding 
hot water, grease or radiator fluid); athermal burn (may occur 
from flames, usually deep burns); a chemical burn (may come 
from acid and alkali, usually deep burns); an electrical burn 
(either low Voltage around a house or high Voltage at work); 
an explosion flash (usually Superficial injuries); and contact 
burns (usually deep and may occur from mufflertailpipes, hot 
irons, and stoves). 
I0135. As used herein, a delayed or difficult to heal wound 
may include, for example, a wound that is characterized at 
least in part by 1) a prolonged inflammatory phase, 2) a slow 
forming extracellular matrix (ECM), and 3) a decreased rate 
of epithelialization. 
0.136. As used herein, “fibrotic” diseases, disorders, or 
conditions include those mentioned herein, and further 
include acute and chronic, clinical or sub-clinical presenta 
tion, in which fibrogenic associated biology or pathology is 
evident. Fibrotic diseases, disorders, or conditions include 
diseases, disorders or conditions characterized, in whole or in 
part, by the excess production of fibrous material, including 
excess production of fibrotic material within the extracellular 
matrix, or the replacement of normal tissue elements by 
abnormal, non-functional, and/or excessive accumulation of 
matrix-associated components. Fibrotic diseases, disorders, 
or conditions include, for example, fibrogenic-related biol 
ogy or pathology characterized by fibrosis. 
0.137 Exemplary fibrotic diseases, disorders, and condi 
tions include, for example, Scleroderma (including morphea, 
generalized morphea, or linear Scleroderma), kidney fibrosis 
(including glomerular Sclerosis, renal tubulointerstitial fibro 
sis, progressive renal disease or diabetic nephropathy), car 
diac fibrosis (e.g., myocardial fibrosis), pulmonary fibrosis 
(e.g., glomerulosclerosis pulmonary fibrosis, idiopathic pull 
monary fibrosis, silicosis, asbestosis, interstitial lung disease, 
interstitial fibrotic lung disease, and chemotherapy/radiation 
induced pulmonary fibrosis), oral fibrosis, endomyocardial 
fibrosis, deltoid fibrosis, pancreatitis, inflammatory bowel 
disease, Crohn's disease, nodular fascilitis, eosinophilic fas 
ciitis, general fibrosis syndrome characterized by replace 
ment of normal muscle tissue by fibrous tissue in varying 
degrees, retroperitoneal fibrosis, liver fibrosis, liver cirrhosis, 
chronic renal failure: myelofibrosis (bone marrow fibrosis), 
drug induced ergotism, glioblastoma in Li-Fraumeni Syn 
drome, sporadic glioblastoma, myleoid leukemia, acute 
myelogenous leukemia, myelodysplastic syndrome, myelo 
proferative syndrome, gynecological cancer, Kaposi's Sar 
coma, Hansen's disease, collagenous colitis, and acute fibro 
S1S 

0.138 Fibrotic diseases, disorders, and conditions can also 
include contractures. Contractures, including post-operative 
contractures, refer to a permanent or long term reduction of 
range of motion due to tonic spasm or fibrosis, or to loss of 
normal tissue compliance, motion, or equilibrium (e.g., 
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muscle, tendon, ligament, fascia, Synovium, joint capsule, 
other connective tissue, or fat). In general, the condition of 
contracture may involve a fibrotic response with inflamma 
tory components, both acute and chronic. Some of which may 
be associated with Surgery, including a release procedure. 
Hereditary contractures such as Dupytren’s contracture, Pey 
ronie's disease, and Ledderhose's disease are also included. 
0139 Fibrosis can be either chronic or acute. Fibrotic con 
ditions include excessive amounts offibrous tissue, including 
excessive amounts of extracellular matrix accumulation 
within a tissue, forming tissue that causes dysfunction and, 
potentially, organ failure. Chronic fibrosis includes fibrosis of 
the major organs, most commonly lung, liver, kidney, and/or 
heart. Acute fibrosis (usually with a sudden and severe onset 
and of short duration) occurs typically as a common response 
to various forms of trauma including injuries, ischemic illness 
(e.g. cardiac scarring following heart attack), environmental 
pollutants, alcohol and other types of toxins, acute respiratory 
distress syndrome, radiation, and chemotherapy treatments. 
All tissues damaged by trauma can become fibrotic, particu 
larly if the damage is repeated. 
0140 Response to injury involves coordinated and tempo 
rally regulated patterns of mediators and sequence of cellular 
events in tissues Subsequent to injury. The initial injury trig 
gers a coagulation cascade and an acute local inflammatory 
response followed by mesenchymal cell recruitment, prolif 
eration, and matrix synthesis. Uncontrolled matrix accumu 
lation, often involving aberrant cytokine pathways, can lead 
to fibrotic conditions or disorders. Progressive fibrosis invital 
organs such as the lung, kidney, liver, heart, brain, and bone 
marrow, is both a major cause of illness and death. 

Adhesions 

0141. Within other aspects of the invention, methods are 
provided for treating, reducing the incidence or severity of 
and/or preventing or retarding adhesions, Surgical adhesions, 
and/or secondary Surgical adhesions by administering to a 
patient a viral VEGF and an anti-inflammatory viral interleu 
kin. 
0142. Adhesion formation is a complex process in which 
bodily tissues that are normally separate grow together. For 
example, post-operative adhesions have been reported to 
occur in about 60% to 90% of patients undergoing major 
gynecological Surgery. Surgical trauma as a result of tissue 
(e.g., epithelial, connective, muscle, and nerve tissue) drying, 
ischemia, thermal injury, infection, or the presence of a for 
eign body, has long been recognized as a stimulus for tissue 
adhesion formation. These adhesions are a major cause of 
failed Surgical therapy and are the leading cause of bowel 
obstruction and infertility. Other adhesion-treated complica 
tions include chronic pelvic pain, urethral obstruction, and 
Voiding dysfunction. 
0143 Generally, adhesion formation is an inflammatory 
reaction in which factors are released, increasing vascular 
permeability and resulting in fibrinogen influx and fibrin 
deposition. This deposition forms a matrix that bridges the 
abutting tissues. Fibroblasts accumulate, attach to the matrix, 
deposit collagen, and induce angiogenesis. If this cascade of 
events can be prevented within 4 to 5 days following Surgery, 
adhesion formation can be inhibited. 
0144. Secondary Surgical adhesions may also form as a 
result of a corrective Surgical procedure designed to correct 
and existing adhesion. The procedure may be a release or 
separation procedure. 
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0145 A wide variety of animal models can be used to 
assess a particular therapeutic composition or treatment regi 
men for its therapeutic potential. Briefly, peritoneal adhesions 
have been observed to occur in animals as a result of inflicted 
severe damage that usually involves two adjacent Surfaces. 
Injuries may be mechanical, due to ischemia, or as a result of 
the introduction of foreign material. Mechanical injuries 
include crushing of the bowel and stripping or scrubbing 
away the outer layers of bowel wall. Dividing major vessels to 
loops of the intestine induces ischemia. Foreign material that 
may be introduced into the area includes talcum, gauze 
sponges, toxic chemicals, bacteria, and feces. 
0146 Presently, typical animal models to evaluate preven 
tion of formation of adhesions include the rabbituterine horn 
model which involves the abrasion of the rabbit uterus, the 
rabbit uterine horn devascularization modification model 
which involves abrasion, devascularization of the uterus, and 
the rabbit cecal sidewall model which involves the excision of 
a patch of parietal peritoneum plus the abrasion of the cecum. 
Those and other reported evaluation models are described 
herein. 

Anti-Connexin Agents 
0147 Anti-connexin agents of the invention described 
herein are capable of modulating (e.g., blocking or inhibiting 
or downregulating) or affecting connexin activity and func 
tion, connexin complex formation and maintenance, adher 
ens junction formation and maintenance, and cell-cell adhe 
sion. Thus, certain anti-connexin agents described herein 
modulate cellular adhesion (i.e., cell-to-cell adhesion). Cer 
tain anti-connexin agents are adherens junction modulation 
agents. Such anti-connexin agents are generally targeted to 
messenger RNA (mRNA) molecules (or the genes encoding 
them) that, when translated, result in connexin protein Syn 
thesis and localization to the cell membrane, where they are 
available for adherens junction formation. Other anti-con 
nexin agents interfere with connexin complex and/or adher 
ens junction formation. Thus, an anti-connexin agents pro 
vided herein may directly or indirectly reduce coupling and 
communication between cells or reduce or block communi 
cation (or the transmission of molecules) between adjoining 
cells. The connexin is, for example, N-connexin. 
0.148. Any anti-connexin agent that is capable of eliciting 
a desired modulation of connexin activity, connexin complex 
formation, and/or adherensjunction formation may be used in 
practicing the invention. Such compounds include, for 
example, proteins and polypeptides, polynucleotides, and 
other organic compounds, and they may, for example, block 
the function or expression of adherens junctions in whole or 
in part, or downregulate the production of one or more con 
nexin proteins, connexin complexes, and/or adherens junc 
tions in whole or in part. Such agents have been described in 
the scientific and patent literature. 
0149 Certain anti-connexin agents provide downregula 
tion of connexin expression (for example, by downregulation 
of mRNA transcription or translation) or otherwise decrease 
or inhibit the activity of a connexin protein, a connexin com 
plex, or adherens junctions. In the case of downregulation, 
this will have the effect of reducing direct cell-cell adhesion 
mediated by adherens junctions. 
0150. Examples of anti-connexin agents include agents 
that decrease or inhibit expression or function of connexin 
mRNA and/or protein or that decrease activity, expression, or 
formation of a connexin protein species, connexin com 
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plexes, or adherens junctions. Anti-connexin agents include 
anti-connexin polynucleotides, such as antisense polynucle 
otides and other polynucleotides (such as miRNAs and poly 
nucleotides having siRNA or ribozyme functionalities), as 
well as antibodies and antigen-binding fragments thereof, 
and peptides and polypeptides, including peptidomimetics 
and peptide analogs that modulate connexin or adherensjunc 
tion activity or function, and deoxyribozymes. Anti-connexin 
agents are, by way of example, anti-N-connexin agents. 
0151. Synthesis of antisense polynucleotides and other 
polynucleotides that can serve as anti-connexin polynucle 
otides, such as miRNA, RNAi, siRNA, and ribozyme poly 
nucleotides as well as polynucleotides having modified and 
mixed backbones, is known to those of skill in the art. See e.g. 
Stein C.A. and Krieg A.M. (eds), Applied Antisense Oligo 
nucleotide Technology, 1998 (Wiley-Liss). Methods of syn 
thesizing desired antibodies and antigen-binding fragments, 
as well as desired peptides and polypeptides, including pep 
tidomimetics and peptide analogs, are known to those of skill 
in the art. See e.g. Lihu Yang et al., Proc. Natl. Acad. Sci. 
U.S.A., 1:95(18): 10836-10841 (Sep. 1, 1998); Harlow and 
Lane (1988) “Antibodies: A Laboratory Manuel Cold Spring 
Harbor Publications, New York: Harlow and Lane (1999) 
“Using Antibodies' A Laboratory Manuel, Cold Spring Har 
bor Publications, New York. 
0152 Connexin binding proteins, including peptides, pep 
tidomimetics, antibodies, antigen-binding antibody frag 
ments, and the like, are also Suitable modulators of adherens 
junctions. Such agents have also been described in the scien 
tific and patent literature. 
0153 Anti-connexin agents include peptides comprising 
an amino acid sequence corresponding to a connexin domain 
motif from a connexin protein (e.g., E-connexin, N-connexin, 
etc.). Other embodiments are directed to an anti-connexin 
agent that is a peptide having an amino acid sequence that 
comprises at least about 5, at least about 6, at least about 7, at 
least about 8, at least about 9, at least about 10, at least about 
11, at least about 12, at least about 13, at least about 14, at least 
about 15, at least about 20, at least about 25, or at least about 
30 contiguous amino acids encoded by a connexin gene, for 
example, an N-connexin gene as set forth in Example 1, 
below. In certain anti-connexin agents provided herein, the 
extracellular domains of N-connexin may be used to develop 
the particular peptide sequences. The peptides need not have 
an amino acid sequence identical to those portions of natu 
rally occurring N-connexin, and conservative amino acid 
changes may be made Such that the peptides retain binding 
activity or functional activity. Alternatively, peptides may 
target other regions of the extracellular domain. 
0154 Certain anti-connexin agents described herein are 
capable of modulation or affecting (e.g. blocking or inhibit 
ing) adhesion between cells. Thus, certain adherens junction 
modulation agents described herein modulate cellular adhe 
Sion. As used herein, “adherens junction modulation agent' 
broadly includes any agent or compound that prevents, 
decreases, or modulate, in whole or in part, the activity, func 
tion, formation, or stability of an adherens junction. In certain 
embodiments, an adherens junction modulation agent pre 
vents or decreases, in whole or in part, the function of an 
adherens junction. Exemplary adherens junction modulation 
agents may include, without limitation, polynucleotides, 
polypeptides (e.g. peptiditomimetics, antibodies, binding 
fragments thereof, and synthetic constructs), and other adhe 
rens junction modulating agents. 
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Dosage Forms and Formulations and Administration 
0.155. A therapeutically effective amount of each of the 
agents of the invention may be administered simultaneously, 
separately, or sequentially and in any order. The agents may 
be administered separately or as a fixed combination. When 
not administered as a fixed combination, methods include the 
sequential administration of a viral VEGF and an anti-inflam 
matory viral interleukin. 
0156 Where a viral VEGF and an anti-inflammatory viral 
interleukin are administered in combination, either or both 
may be provided in amounts or doses that are less than those 
used when the agent or agents are administered alone, i.e., 
when they are not administered in combination, either physi 
cally or in the course of treatment of a wound. Such lesser 
amounts of agents administered are typically from about one 
twentieth to about one-tenth the amount or amounts of the 
agent when administered alone, and may be about one-eighth 
the amount, about one-sixth the amount, about one-fifth the 
amount, about one-fourth the amount, about one-third the 
amount, and about one-half the amount when administered 
alone. In certain embodiments, the agents are administered 
sequentially within at least about one-half hour of each other. 
The agents may also be administered with about one hour of 
each other, with about one day to about one week of each 
other, or as otherwise deemed appropriate. 
0157. The agents of the invention of the may be adminis 
tered to a Subject in need of treatment, such as a Subject with 
any of the diseases or conditions mentioned herein. The con 
dition of the subject canthus be improved. A viral VEGF and 
an anti-inflammatory viral interleukin may thus be used in the 
treatment of the subject’s body by therapy. They may be used 
in the manufacture of a medicament to treat any of the con 
ditions mentioned herein. 
0158. The viral VEGFs and anti-inflammatory viral inter 
leukins of the invention are often used in the various compo 
sitions and methods of the inventionina Substantially isolated 
form. It will be understood that the product may be mixed 
with carriers or diluents that will not interfere with the 
intended purpose of the product and still be regarded as Sub 
stantially isolated. A product of the invention may also be in 
a substantially purified form, in which case it will generally 
comprise about e.g. at least about 80%, 85%, or 90%, e.g. at 
least about 95%, at least about 98% or at least about 99% of 
the protein or dry mass of the preparation. 
0159. Depending on the intended route of administration, 
the pharmaceutical products, pharmaceutical compositions, 
combined preparations and medicaments of the invention 
may, for example, take the form of Solutions, Suspensions, 
instillations, salves, creams, gels, foams, ointments, emul 
sions, lotions, paints, Sustained release formulations, or pow 
ders, and typically contain e.g. about 0.1%-95% of active 
ingredient(s), and more typically about 0.2%–70%. Other 
Suitable formulations include pluronic gel-based formula 
tions, carboxymethylcellulose(CMC)-based formulations, 
and hyroxypropylmethylcellulose(HPMC)-based formula 
tions. Suitable formulations including pluronic gel, have for 
example about 10 to about 15 percent, about 15-20 percent, 
about 20-25 percent, and about 25-30 percent, suitably about 
22 percent, pluronic gel. Other useful formulations include 
slow or delayed release preparations and instillations. 
0160 Gels or jellies may be produced using a suitable 
gelling agent including, but not limited to, gelatin, tragacanth, 
alginate, or a cellulose derivative and may include glycerolas 
a humectant, emollient, and preservative. Ointments are 
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semi-solid preparations that consist of the active ingredient 
incorporated into a fatty, waxy, or synthetic base. Examples of 
suitable creams include, but are not limited to, water-in-oil 
and oil-in-water emulsions. Water-in-oil creams may be for 
mulated by using a suitable emulsifying agent with properties 
similar, but not limited, to those of the fatty alcohols such as 
cetyl alcohol or cetostearyl alcohol and to emulsifying wax. 
Oil-in-water creams may beformulated using an emulsifying 
agent Such as cetomacrogol emulsifying wax. Suitable prop 
erties include the ability to modify the viscosity of the emul 
sion and both physical and chemical stability over a wide 
range of pH. The water soluble or miscible cream base may 
contain a preservative system and may also be buffered to 
maintain an acceptable physiological pH. 
0161 Foam preparations may be formulated to be deliv 
ered from a pressurized aerosol canister, via a suitable appli 
cator, using inert propellants. Suitable excipients for the for 
mulation of the foam base include, but are not limited to, 
propylene glycol, emulsifying wax, cetyl alcohol, and glyc 
eryl Stearate. Potential preservatives include methylparaben 
and propylparaben. 
0162. In certain embodiments the agents of the invention 
are combined with a pharmaceutically acceptable carrier or 
diluent to produce a pharmaceutical composition. Suitable 
carriers and diluents include isotonic saline Solutions, for 
example phosphate-buffered saline. Suitable diluents and 
excipients also include, for example, water, Saline, dextrose, 
glycerol, or the like, and combinations thereof. In addition, if 
desired substances such as wetting or emulsifying agents, 
stabilizing, orph buffering agents may also be present. 
0163 The term “pharmaceutically acceptable carrier' 
refers to any pharmaceutical carrier that does not itself induce 
the production of antibodies harmful to the individual receiv 
ing the composition, and which can be administered without 
undue toxicity. Suitable carriers can be large, slowly metabo 
lized macromolecules such as proteins, polysaccharides, 
polylactic acids, polyglycolic acids, polymeric amino acids, 
and amino acid copolymers. 
0164 Pharmaceutically acceptable salts can also be 
present, e.g., mineral acid salts such as hydrochlorides, 
hydrobromides, phosphates, sulfates, and the like; and the 
salts of organic acids such as acetates, propionates, mal 
onates, benzoates, and the like. 
0.165 Suitable carrier materials include any carrier or 
vehicle commonly used as a base for creams, lotions, gels, 
emulsions, lotions, or paints for topical administration. 
Examples include emulsifying agents, inert carriers including 
hydrocarbon bases, emulsifying bases, non-toxic solvents, or 
water-soluble bases. Particularly suitable examples include 
pluronics, HPMC, CMC and other cellulose-based ingredi 
ents, lanolin, hard paraffin, liquid paraffin, Soft yellow paraf 
fin or soft white paraffin, white beeswax, yellow beeswax, 
cetostearyl alcohol, cetyl alcohol, dimethicones, emulsifying 
waxes, isopropyl myristate, microcrystalline wax, oleyl alco 
hol, honey (including manuka honey),and Stearyl alcohol. 
0166 In certain embodiments, the pharmaceutically 
acceptable carrier or vehicle is a gel, Suitably a nonionic 
polyoxyethylene-polyoxypropylene copolymer gel, for 
example, a Pluronic gel, such as, for example, Pluronic F-127 
(BASF Corp.). This gel is particularly useful as it is a liquid at 
low temperatures but rapidly sets at physiological tempera 
tures, which confines the release of the agent to the site of 
application or immediately adjacent that site. Pharmaceutical 
carriers also include liposomes, nanosomes, and the like. 
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0.167 An auxiliary agent such as casein, gelatin, albumin, 
glue, sodium alginate, carboxymethylcellulose, methylcellu 
lose, hydroxyethylcellulose, or polyvinyl alcohol may also be 
included in the formulation of the invention. 
0168 Other suitable formulations include pluronic gel 
based formulations, carboxymethylcellulose(CMC)-based 
formulations, and hyroxypropylmethylcellulose(HPMC)- 
based formulations. The composition may be formulated for 
any desired form of delivery, including topical, instillation, 
parenteral, intramuscular, Subcutaneous, or transdermal 
administration. Other useful formulations include slow or 
delayed release preparations. 
0169 Transdermal delivery can be carried out by methods 
known in the art or later discovered, including, for example, 
methods directed to 1) the use of chemical penetration 
enhancers or skin enhancers; 2) liposome-mediated delivery; 
3) iontophoresis; 4) electroporation; 5) Sonophoresis; 6) 
mechanical (e.g., microporation) devices. Exemplary meth 
ods suitable for transdermal delivery of the agents disclosed 
herein can include, for example, methods directed to enhanc 
ing the transport of material across the skin pores by increas 
ing the rate of transport across existing pores or by amplifying 
the number of available skin pores through the creation of 
artificial pores. 
0170 Transdermal delivery can be carried out by the use 
of chemical or penetration enhancers, including for example, 
an pharmaceutically acceptable oil of vegetable, nut, Syn 
thetic or animal origin including emu oil, ethoxylated oil, 
PEG, linoleic acid, ethanol. 1-methanol, and/or agents which 
delipidize the stratum corneum. Suitable oils include mead 
owfoam oil, castor oil, jojoba oil, corn oil, Sunflower oil, 
sesame oil, and emu oil, all of which may be optionally 
ethoxylated. Exemplars include those as described in U.S. 
Pat. Nos. 7,291,591, 7,201.919, 7,052,715, 7,033,998, 6,946, 
144; 6,951,658, 6,759,056, 6,720,001, 6,224.853, 5,695,779, 
and 6,750.291. In addition, transdermal patches can also be 
adapted for delivery of dry powder or lyophilized drugs, and 
exemplars include those described in U.S. Pat. No. 5,983,135. 
0171 Transdermal delivery can be carried out by lipo 
some mediated delivery methods (e.g., delivery facilitated by 
application of lipophilic membrane active agents). Suitable 
exemplars may include those described in U.S. Pat. Nos. 
5,910,306, 5,718,914, and 5,064,655. 
0172 Transdermal delivery systems can also be employed 
in conjuction or in combination with a wide variety of ionto 
phoresis or electrotransport systems. Illustrative electrotrans 
port drug delivery systems are disclosed in U.S. Pat. Nos. 
5,147,296, 5,080,646, 5,169,382, and 5,169383. 
0173 The term “electrotransport” refers, in general, to the 
passage of a beneficial agent, e.g., a drug or drug precursor, 
through a body Surface Such as skin, mucous membranes, 
nails, and the like. The transport of the agent is induced or 
enhanced by the application of an electrical potential, which 
results in the application of electric current, which delivers or 
enhances delivery of the agent, or, for “reverse' electrotrans 
port, samples or enhances sampling of the agent. The elec 
trotransport of the agents into or out of the human body may 
be achieved in various manners. 
0.174 Transdermal delivery can be carried out by ionto 
phoretic methods (e.g., delivery facilitated by application of 
low level electrical field to the skin overtime). Suitable exem 
plars may include those described in U.S. Pat. Nos. 6,731, 
987, 6,391,015, 6,553,255, 4,940,456, 5,681,580, and 6,248, 
349. 
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0175 Also, transdermal delivery can be carried out by 
electroporation methods (e.g., delivery facilitated by brief 
application of high Voltage pulse to create transient pores in 
the skin). Suitable exemplars may include U.S. Pat. Nos. 
7,008,637, 6,706,032, 6,692,456, 6,587,705, 6,512,950, 
6,041,253, 5,968,006, and 5,749,847. 
0176 Transdermal delivery can be carried out by sono 
phoresis methods (e.g., delivery facilitated by application of 
pulses of low frequency ultrasound to increase skin perme 
ability). Suitable exemplars may include U.S. Pat. Nos. 
7,232,431, 7,004,933, 6,842,641, 6,868,286, 6,712,805, 
6,575,956, 6,491,657, 6,487,447, 623,499, and 6,190,315. 
0177 Transdermal delivery can be carried out by methods 
comprising the use of mechanical devices and/or creation of 
artificial micropores or microchannels (e.g., microprojec 
tions) by inducing mechanical alterations or disruptions in the 
structural elements, thermal stability properties, membrane 
fluidity and integrity of the dermal architecture and substruc 
tures. Suitable exemplars may include MicroPor (Altea 
Therapeutics), MacroFlux (Alza Corporation), as well as 
those as described in U.S. Pat. Nos. 6,893,655, 6,730,318, 
5,484,604, 5,362,308, 5,320,850, and 5.279,544, and US re 
examination certificate RE35474. 

0178. Other suitable formulations are are formulations 
that may be inhaled. Still other suitable formulations are are 
formulations that may be injected. 
0179 The effective dose for a given subject or condition 
typically lies within the dose that is therapeutically effective 
for at least 50% of the population, and that exhibits little or no 
toxicity at this level. 
0180. The effective dosage of each of the viral VEGF and 
anti-inflammatory mammalian or viral cytokine (e.g., inter 
leukin) (and/or other therapeutic agent(s), if any) employed in 
the methods and compositions of the invention may vary 
depending on a number of factors including the particular 
viral VEGF and anti-inflammatory interleukin employed, the 
combinational partner (if any), the mode of administration, 
the frequency of administration, the condition being treated, 
the severity of the condition being treated, the route of admin 
istration, the needs of a patient Sub-population to be treated or 
the needs of the individual patient which different needs can 
be due to age, sex, body weight, relevant medical condition 
specific to the patient. 
0181. The dose at which a viral VEGF and an anti-inflam 
matory mammalian or viral cytokine (e.g., interleukin) (and/ 
or other therapeutic agent(s), if any) is administered to a 
patient will depend upon a variety of factors such as the age, 
weight and general condition of the patient, the condition that 
is being treated, and the particular agents being administered. 
0182. A suitable therapeutically effective dose of a viral 
VEGF, for example, may be from about 1 to about 312.5 
ug/cm or about 0.2 to about 40 uMol. A suitable therapeuti 
cally effective dose of an anti-inflammatory mammalian or 
viral cytokine (e.g., interleukin) may be from about 15 ng to 
about 80 ug/cm, or about or 2 nMol to about 10 uMol. 
0183 Doses may be adminstred in any form, including 
topically and by injection or instillation. If administeted by 
injection or instillation the dose or doses are administered 
approximately once per linear centimeter of the tissue target, 
e.g. a wound. 
0184 Doses may be administed daily, or in other regi 
mens, e.g., twice daily, once every other day, once per week 
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and so on. Doses may also be administerd or applied daily for 
from about two to about seven to fourteen days, or any num 
ber of days within this range. 
0185. Therapeutically effective doses of anti-connexin 
agent(s) (and/or other therapeutic agent(s), if any) are pub 
lished in the art. 

0186 Alternatively, the dosage of each of a viral VEGF 
and an anti-inflammatory viral cytokine (e.g., an interleukin) 
(and/or other therapeutic agent composition(s), if any) in the 
composition or compositions may be determined by refer 
ence to the compositions or compositions concentration 
relative to the size, length, depth, area, or Volume of the area 
to which it will be applied. For example, in certain topical 
applications, dosing of the pharmaceutical compositions may 
be calculated based on mass (e.g. grams) of or the concentra 
tion in a pharmaceutical composition (e.g. lugful) per length, 
depth, area, or Volume of the area of application. Useful doses 
range from about 1 to about 10 micrograms per square cen 
timeter of wound size. Certain doses will be about 1-2, about 
1-5, about 2-4, about 5-7, and about 8-10 micrograms per 
square centimeter of wound size. Other useful doses are 
greater than about 10 micrograms per square centimeter of 
wound size, including at least about 15 micrograms per 
square centimeter of wound size, at least about 20 micro 
grams per square centimeter of wound size, at least about 25 
micrograms per square centimeter of wound size, about 30 
micrograms per square centimeter of wound size, at least 
about 35 micrograms per square centimeter of wound size, at 
least about 40 micrograms per square centimeter of wound 
size, at least about 50 micrograms per square centimeter of 
wound size, and at least about 100 to at least about 150 
micrograms per square centimeter of wound size. Other doses 
include about 150-200 micrograms per square centimeter, 
about 200-250 micrograms per square centimeter, about 250 
300 micrograms per square centimeter, about 300-350 micro 
grams per square centimeter, about 350-400 micrograms per 
square centimeter, and about 400-500 micrograms per square 
centimeter, and 500-1000 micrograms per square centimeter, 
and at least about 600-1000 micrograms per square centime 
ter. 

0187. In certain embodiments, the viral VEGF and/or anti 
inflammatory mammalian or viral cytokine (e.g., interleukin) 
composition or compositions (and/or other therapeutic agent 
composition(s), if any) may be applied at about 0.01 micro 
molar (uM) or 0.05uM to about 200 uM, or up to 300 uMor 
up to 400, 500, 600, 700, 800,900 uM or up to 1000 uM or up 
to 2000 uM or up to 3200 uM or more final concentration at 
the treatment site and/or adjacent to the treatment site, and 
any doses and dose ranges within these dose numbers. In 
certain embodiments, a viral VEGF and/or anti-inflammatory 
mammalian or viral cytokine (e.g., interleukin) composition 
or compositions (and/or other therapeutic agent composition 
(s), if any) are applied at about 0.05uM to about 100 uM or 
more final concentration, more typically, a viral VEGF and/or 
anti-inflammatory mammalian or viral cytokine (e.g., inter 
leukin) composition or compositions (and/or other therapeu 
tic agent composition(s), if any) is applied at about 1.0LM to 
about 50 uM final concentration, and even more typically, at 
about 5-10 uM to about 30-50 uM final concentration. Addi 
tionally, the viral VEGF and/or anti-inflammatory mamma 
lian or viral cytokine (e.g., interleukin) composition or com 
positions (and/or other therapeutic agent composition(s), if 
any) may be applied at about 8 LM to about 20 uM final 
concentration, and alternatively a viral VEGF and/or anti 
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inflammatory mammalian or viral cytokine (e.g., interleukin) 
composition or compositions (and/or other therapeutic agent 
composition(s), if any) is applied at about 10 uM to about 20 
uM final concentration, or at about 10 to about 15 uM final 
concentration. In certain other embodiments, the viral VEGF 
and/or anti-inflammatory mammalian or viral cytokine (e.g., 
interleukin) composition or compositions (and/or other thera 
peutic agent composition(s), if any) is applied at about 10LM 
final concentration. In yet another embodiment, the viral 
VEGF and/or anti-inflammatory mammalian or viral cytok 
ine (e.g., interleukin) composition or compositions (and/or 
other therapeutic agent composition(s), if any) is applied at 
about 1-15uM final concentration. In other embodiments, the 
viral VEGF and/or anti-inflammatory mammalian or viral 
cytokine (e.g., interleukin) composition or compositions 
(and/or other therapeutic agent composition(s), if any) is 
applied at about a 20 uM, 30 uM, 40 uM, 50 uM, 60 uM, 70 
uM, 80 uM, 90 uM, 100 uM., 10-200 uM, 200-300 uM, 
300-400 uM, 400-500 uM, 500-600 uM, 600-700 uM, 700 
800 uM, 800-900 uM, 900-1000 or 1000-1500 uM, or 1500 
uM-2000 uM or 2000 uM-3000 uM or greater. 
0188 Viral VEGF and/or anti-inflammatory mammalian 
or viral cytokine (e.g., interleukin) dose amounts also 
include, for example, about 0.1-1, 1-2, 2-3, 3-4, or 4-5 micro 
grams (ug), from about 5 to about 10 ug, from about 10 to 
about 15ug, from about 15 to about 20 ug, from about 20 to 
about 30 ug, from about 30 to about 40 ug, from about 40 to 
about 50 ug, from about 50 to about 75ug, from about 75 to 
about 100 ug, from about 100 ug to about 250 ug, and from 
250 ug to about 500 g. Dose amounts from 0.5 to about 1.0 
milligrams or more or also provided, as noted above. Dose 
volumes will depend on the size of the site to be treated, and 
may range, for example, from about 25-100 uL to about 
100-200 uL, from about 200-500 uL to about 500-1000 uL. 
Milliliter doses are also appropriate for larger treatment sites. 
0189 Still other dosage levels between about 1 nanogram 
(ng)/kg and about 1 mg/kg body weight per day of each of the 
agents described herein. In certain embodiments, the dosage 
of each of the subject compounds will generally be in the 
range of about 1 ng to about 1 microgram per kg body weight, 
about 1 ng to about 0.1 microgram per kg body weight, about 
1 ng to about 10 ng per kg body weight, about 10 ng to about 
0.1 microgram per kg body weight, about 0.1 microgram to 
about 1 microgram per kg body weight, about 20 ng to about 
100 ng per kg body weight, about 0.001 mg to about 0.01 mg 
per kg body weight, about 0.01 mg to about 0.1 mg per kg 
body weight, or about 0.1 mg to about 1 mg per kg body 
weight. In certain embodiments, the dosage of each of the 
Subject compounds will generally be in the range of about 
0.001 mg to about 0.01 mg per kg body weight, about 0.01 mg 
to about 0.1 mg per kg body weight, about 0.1 mg to about 1 
mg per kg body weight. If more than one viral VEGF and/or 
anti-inflammatory mammalian or viral cytokine (e.g., inter 
leukin) is used, the dosage of each viral VEGF and/or anti 
inflammatory mammalian or viral cytokine (e.g., interleukin) 
need not be in the same range as the other. For example, the 
dosage of one viral VEGF and/or anti-inflammatory mamma 
lian or viral cytokine (e.g., interleukin) may be between about 
0.01 mg to about 10 mg per kg body weight, and the dosage of 
another viral VEGF and/oranti-inflammatory mammalian or 
viral cytokine (e.g., interleukin) (or other therapeutic agent) 
may be between about 0.1 mg to about 1 mg per kg body 
weight. 
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0.190 All doses and dose ranges referenced herein are 
applicable, for example, to viral VEGFs and/or anti-inflam 
matory viral cytokines (e.g., interleukins) referenced herein, 
as well as to polynucleotide therapeutic, including anti-con 
nexin agents that comprise oligonucleotides. These dose 
ranges are also applicable, for example, to viral VEGFs and/ 
or anti-inflammatory viral cytokines (e.g., interleukins) as 
well as to therapeutic agents, including anti-connexin agents, 
that comprise proteins and peptides, as well as mimetic pep 
tides and peptidomimetics. 
(0191 As noted herein, the doses of a viral VEGF and/or 
anti-inflammatory mammalian or viral cytokine (e.g., inter 
leukin) composition or compositions (and/or other therapeu 
tic agent composition(s), if any) administered in combina 
tion, can be adjusted down from the doses administered when 
given alone. The combined use of several agents may reduce 
the required dosage for any individual agent because the onset 
and duration of effect of the different agents may be comple 
mentary. In an embodiment, the combined use of two or more 
viral VEGFs and/or anti-inflammatory mammalian or viral 
cytokines (e.g., interleukins) has an additive, Synergistic, or 
Super-additive effect. In some cases, the combination of one 
or more viral VEGFs and/or one or more anti-inflammatory 
mammalian or viral cytokines (e.g., interleukins) in combi 
nation with either or both, have an additive effect. In other 
cases, the combination can have greater-than-additive effect. 
Such an effect is referred to herein as a “supra-additive' 
effect, and may be due to synergistic or potentiated interac 
tion. 

0.192 The term "supra-additive' refers to a mean accel 
eration in wound healing, or reduction in inflammation, scar 
ring, fibrosis or adhesion formation produced by administra 
tion of a combination of one or more viral VEGFs with one or 
more anti-inflammatory mammalian or viral cytokines (e.g., 
interleukins) administered in combination with either or both, 
and is statistically significantly higher than the Sum of the 
acceleration in wound healing, or reduction in inflammation, 
scarring, fibrosis or adhesion formation by the individual 
administration of either of the agents alone. Whether the 
result is “statistically significantly higher than the expected 
additive value of the individual compounds may be deter 
mined by a variety of statistical methods as described herein 
and/or known by one of ordinary skill in the art. The term 
“synergistic’ refers to a type of supra-additive inhibition 
which, for example, has the ability to accelerate wound heal 
ing, or reduce inflammation, Scarring, fibrosis or adhesion 
formation, for example. The term “potentiated refers to type 
of supra-additive effect in which the therapeutic agents 
administered in combination individually have the increased 
ability to accelerate wound healing, or reduce inflammation, 
scarring, fibrosis or adhesion formation, by way of example. 
0193 In general, potentiation may be assessed by deter 
mining whether the combination treatment produces a mean 
decrease, by way of example, in accelerating wound healing, 
or reducing inflammation, Scarring, fibrosis or adhesion for 
mation in a treatment group that is statistically significantly 
Supra-additive when compared to the sum of the mean 
decrease in accelerating wound healing, or reducing inflam 
mation, Scarring, fibrosis or adhesion formation produced by 
the individual treatments in their treatment groups respec 
tively. The mean acceleration in or enhancement of or 
improvement in wound healing, for example, may be calcu 
lated as the difference between control group and treatment 
group mean acceleration in or enhancement of or improve 
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ment in wound healing. The fractional acceleration of wound 
healing, for example, “fraction affected” (Fa), may be calcu 
lated by dividing the treatment group mean acceleration in 
wound healing by control group mean acceleration in or 
enhancement of or improvement in wound healing. Testing 
for statistically significant potentiation requires the calcula 
tion of Fa for each treatment group. The expected additive Fa 
for a combination treatment may be taken to be the sum of 
mean Fas from groups receiving either element of the com 
bination. The Two-Tailed One-Sample TTest, for example, 
may be used to evaluate how likely it is that the result obtained 
by the experiment is due to chance alone, as measured by the 
p-value. A value of less than 0.05 is considered statistically 
significant, that is, not likely to be due to chance alone. Thus, 
Fa for the combination treatment group must be statistically 
significantly higher than the expected additive Fa for the 
single element treatment groups to deem the combination as 
resulting in a potentiated Supra-additive effect. 
0194 Whether a synergistic effect results from a combi 
nation treatment may be evaluated by the median-effect/com 
bination-index isobologram method (Chou, T., and Talalay, P. 
(1984) Ad. Enzyme Reg. 22:27-55). This analysis may be 
performed using computer Software tools, such as CalcuSyn, 
Windows Software for Dose Effect Analysis (Biosoft(D. 
Cambridge UK). Any method known or later developed in the 
art for analyzing whether a supra-additive effect exists for a 
combination therapy is contemplated for use in screening for 
Suitable agents for use in combination as described herein. 
(0195 In another embodiment, the combined use of one or 
more viral VEGFs with one or more anti-inflammatory mam 
malian or viral cytokines (e.g., interleukins) reduces the 
effective dose of any such agent compared to the effective 
dose when said agent administered alone. In certain embodi 
ments, the effective dose of the agent when used in combina 
tion is about/15 to about /2, about /10 to about/3, about/s to 
about /6, about /s, about 4, about/3 or about /2 the dose of 
the agent when used alone. 
0196. In another embodiment, the combined use of one or 
more viral VEGFs with one or more anti-inflammatory mam 
malian or viral cytokines (e.g., interleukins) reduces the fre 
quency in which said agent is administered compared to the 
frequency when said agent is administered alone. Thus, these 
combinations allow the use of lower and/or fewer doses of 
each agent than previously required to achieve desired thera 
peutic goals. 
0197) The doses may be administered in single or divided 
applications. The doses may be administered once, or appli 
cation may be repeated. As indicated above, application may 
be repeated daily or weekly or more often until, for example, 
wound healing is promoted, or a repeat application may be 
made in the event that, for example, wound healing slows or 
is stalled. Doses may be applied 1-7 days or more apart. In the 
case of a chronic wound, for example, repeat applications 
may be made, for example, weekly, or bi-weekly, or daily or 
in other frequency for example if and when, for example, 
wound healing slows or is stalled. For some indications. Such 
as certain ocularuses, more frequent dosing, up to hourly may 
employed. 
0198 In combination therapies, the viral VEGF(s) and the 
anti-inflammatory mammalian or viral cytokine(s) (e.g., 
interleukin(s)) can be administered by the same or different 
routes. The various agents can be administered separately at 
different times during the course of therapy, or concurrently 
in divided or single combination forms. 
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0199. In some combination therapy embodiments, the 
viral VEGF(s) and the anti-inflammatory mammalian or viral 
cytokine(s) (e.g., interleukin(s)) is/are administered in two or 
more separate compositions. In some of these embodiments, 
the first composition is administered before the second com 
position. In other embodiments, the first composition is 
administered after the second composition. In still other 
embodiments, the first composition is administered before 
and after the second composition. In yet other embodiments, 
the second composition is administered before and after the 
first composition. In further such embodiments, the first com 
position is administered about the same time as the second 
composition. 
0200. In one embodiment, the viral VEGF(s) and the anti 
inflammatory viral interleukin(s) is/are delivered by injection 
(peripherally or directly to a site). In one aspect, the injection 
is made at or adjacent to a site or wound, e.g., 1-10 mm from 
the site or wound edge. In other embodiments, the injection is 
made about 1-8, 1-7, 1-6, 1-5, 1-4, 1-3 and 1-2 mm from the 
site or wound edge. In still othe embodiments, the injection is 
made about 2-8, 2-7, 2-6, 2-5, 2-4 and 2-3 mm from the site or 
wound edge. In one embodiment, the injection is made 2-4 or 
2-5 mm from the site or wound edge. In sies of administration, 
including wounds, that have length greater than about 1 cm, 
the injections are made about once every linear centimeter. In 
one embodiment the injection in angled in toward a wound or 
other site of administration, in another embodiment, the 
injection(s) is/are made into the dermis of a wound, or by 
intradermal, intra-tissue or intra-organ injection 
0201 In another embodiment, the viral VEGF(s) and the 
anti-inflammatory viral interleukin(s) is/are delivered by 
topical administration (peripherally or directly to a site), 
including but not limited to topical administration using Solid 
Supports (such as dressings and other matrices) and medicinal 
formulations (such as gels, mixtures, Suspensions and oint 
ments). In one embodiment, the solid Support comprises a 
biocompatible membrane or insertion into a treatment site. In 
another embodiment, the solid Support comprises a dressing 
or matrix. In one embodiment of the invention, the solid 
Support composition may be a slow release solid Support 
composition in which the the viral VEGF(s) and the anti 
inflammatory mammalian or viral cytokine(s) (e.g., interleu 
kins)), alone or in admixture or combination with one or 
more additional therapeutic agents, is/are dispersed in a slow 
release solid matrix Such as a matrix of alginate, collagen, or 
a synthetic bioabsorbable polymer. In certain embodiments, 
the solid support composition is sterile or low bio-burden. In 
one embodiment, a wash solution comprising a viral VEGF 
and an anti-inflammatory viral mammalian or viral cytokine 
(e.g., interleukin) can be used. 
0202 The delivery of a formulation of the invention com 
prising one or more active ingredients, over a period of time, 
in Some instances for about 1-2 hours, about 2-4 hours, about 
4-6 hours, about 6-8, or about 12-24 hours or longer, may be 
a particular advantage in more severe injuries or conditions. 
(0203 While the delivery period will be dependent upon 
both the site at which the accelerating wound healing, or 
reducing inflammation, Scarring, fibrosis or adhesion forma 
tion is to be induced, continuous or slow-release delivery for 
about 0.5-1 hour, about 1-2 hours, about 2-4 hours, about 4-6 
hours, about 6-8, or about 12-24 hours or longer is provided. 
In accordance with the present invention, this is achieved by 
inclusion of a viral VEGF(s) and an anti-inflammatory viral 
interleukin(s), alone or in combination, in a formulation(s) 
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together with a pharmaceutically acceptable carrier or 
vehicle, particularly in the form of a formulation for continu 
ous or slow-release administration. 

0204 As noted, the viral VEGF(s) and the anti-inflamma 
tory mammalian or viral cytokine(s) (e.g., interleukin(s)) of 
the invention may be administered before, during, or imme 
diately following wounding, for example, or following a pro 
cedure likely or Suspected to result in inflammation, a scar, an 
adhesion, or fibrosis, for example, or within about 180, or 
about 120, or about 90, or about 60, or about 30 days, but 
typically, for example, within about 10, about 9, about 8, 
about 7, about 6, about 5, about 4, about 3, or about 2 days or 
less, and most typically within about 24, about 12, about 10, 
about 9, about 8, about 7, about 6, about 5, about 4, about 3, 
about 2 hours or within about 60, about 45, about 30, about 
15, about 10, about 5, about 4, about 3, about 2, about 1 
minutes following wounding or following a procedure likely 
or Suspected to result in an adhesion, for example. The one or 
more agents of the invention may also be administered before 
and/or during a procedure likely or Suspected to result in an 
adhesion, for example. 
0205 The agents and agent combinations of the invention 
can be administered in any manner that achieves a desired 
result. Exemplary methods include peritubular administra 
tion (either direct application at the time of surgery or with 
endoscopic, ultrasound, CT, MRI, or fluoroscopic guidance); 
"coating the Surgical implant; and placement of a drug 
eluting polymeric implant at the Surgical site. In one embodi 
ment, 0.5% to 20% of the viral VEGF(s) and the anti-inflam 
matory viral interleukin(s) by weight is loaded into a 
polymeric carrier and applied to the peritubular (mesenteric) 
surface as a “paste”, “film', or "wrap” which releases the drug 
over a period of time such that the incidence of Surgical 
adhesions is reduced. During endoscopic procedures, the 
polymer preparation may be applied as a 'spray, via delivery 
ports in the endoscope, to the mesentery of the abdominal and 
pelvic organs manipulated during the operation. In another 
embodiment, the peritubular composition is about 0.1% to 
about 5% active ingredient by weight. In another embodi 
ment, a polymeric coating containing about 0.1% to about 
20% or more of active agent(s) is applied to the surface of the 
Surgical implant (e.g., breast implant, artificial joint, vascular 
graft, etc.) to prevent encapsulation/inappropriate scarring, 
for example, in the vicinity of the implant. In yet another 
embodiment, a polymeric implant containing about 0.01% to 
about 20% or more of active agent or agents by weight is 
applied directly to the Surgical site (e.g., directly into the sinus 
cavity, chest cavity, abdominal cavity, or at the operative site 
during neuroSurgery) Such that adhesion formation, for 
example, is prevented or reduced. In one embodiment, one or 
more active agents can be administered via fluoroscopically 
guided intra-articular injection. 
0206. In another embodiment, lavage fluid containing 
about 1 to about 100ug/cm (typically about 10 to about 50 ug 
/cm) of a viral VEGF(s) and an anti-inflammatory mamma 
lian or viral cytokine(s) (e.g., interleukin(s)) would be used at 
the time of or immediately following Surgery and adminis 
tered during Surgery or intraperitoneally, by a physician. In all 
of the embodiments, these agents, alone or in combination 
with other therapeutic agents, would be administered at 
equivalent doses adjusted for potency and tolerability of the 
agent. 
0207. The routes of administration and dosages described 
herein are intended only as a guide since a skilled physician 
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will determine the optimum route of administration and may 
adjust the dosage for any particular patient and condition. 
0208 Any of the agents and methods of treating a subject 
having a disease, disorder or condition referenced or 
described herein and treating subjects before or following a 
Surgical procedure may utilize the administration of any of 
the doses, dosage forms, formulations, and/or compositions 
herein described. 

Dressings and Matrices 

0209. In one aspect, one or more active agents are pro 
vided in the form of a dressing or matrix. In certain embodi 
ments, the one or more agents of the invention are provided in 
the form of a liquid, semi Solid or Solid composition for 
application directly, or the composition is applied to the Sur 
face of, or incorporated into, a Solid contacting layer Such as 
a dressing gauze or matrix. The dressing composition may be 
provided for example, in the form of a fluid or a gel. One or 
more active agents may be provided in combination with 
conventional pharmaceutical excipients for topical applica 
tion. Suitable carriers include: Pluronic gels, Poloxamer gels, 
Hydrogels containing cellulose derivatives, including 
hydroxyethylcellulose, hydroxymethyl cellulose, carboxym 
ethyl cellulose, hydroxypropylmethyl cellulose and mixtures 
thereof, and hydrogels containing polyacrylic acid (Car 
bopols). Suitable carriers also include creams/ointments used 
for topical pharmaceutical preparations, e.g., creams based 
on cetomacrogol emulsifying ointment. The above carriers 
may include alginate (as a thickener or stimulant), preserva 
tives such as benzyl alcohol, buffers to control pH such as 
disodium hydrogen phosphate/sodium dihydrogen phos 
phate, agents to adjust osmolarity Such as Sodium chloride, 
and stabilizers such as EDTA. 

0210. In addition to the biological matrices previously 
mentioned, Suitable dressings or matrices may include, for 
example, the following with a viral VEGF(s) and an anti 
inflammatory mammalian or viral cytokine(s) (e.g., interleu 
kinCs)) (or other active agents to be administered alone or in 
combination therewith): 
0211 1) Absorptives: suitable absorptives may include, 
for example, absorptive dressings, which can provide, for 
example, a semi-adherent quality or a non-adherent layer, 
combined with highly absorptive layers of fibers, such as for 
example, cellulose, cotton or rayon. Alternatively, absorp 
tives may be used as a primary or secondary dressing. 
0212 2) Alginates: suitable alginates include, for 
example, dressings that are non-woven, non-adhesive pads 
and ribbons composed of natural polysaccharide fibers or 
Xerogel derived from seaweed. Suitable alginates dressings 
may, for example, form a moist gel through a process of ion 
exchange upon contact with exudate. In certain embodi 
ments, alginate dressings are designed to be soft and con 
formable, easy to pack, tuck or apply over irregular-shaped 
areas. In certain embodiments, alginate dressings may be 
used with a second dressing. 
0213 3) Antimicrobial Dressings: suitable antimicrobial 
dressings may include, for example, dressings that can facili 
tate delivery of bioactive agents, such as, for example, silver 
and polyhexamethylene biguanide (PHMB), to maintain effi 
cacy against infection, where this is needed or desirable. In 
certain embodiments, Suitable antimicrobial dressings may 
be available as for example, as Sponges, impregnated woven 
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gauzes, film dressings, absorptive products, island dressings, 
nylon fabric, non-adherent barriers, or a combination of mate 
rials. 
0214. 4) Biological & BioSVnthetics: suitable biological 
dressings or biosynthetic dressings may include, for example, 
gels, Solutions or semi-permeable sheets derived from a natu 
ral source, e.g., pigs or cows. In certain embodiments, a gel or 
solution is applied to the treatment site and covered with a 
dressing for barrier protection. In another embodiment, a 
biological-based (e.g., pig intestinal mucosa or bladder tis 
Sue) or biosynthetic-based sheet is placed in situ which may 
act as membrane, remaining in place after a single applica 
tion, or the may be biological dressings or biosynthetic dress 
ings may be prepared in advance to include the therapeutics 
agents. 
0215 5) Collagens: suitable collagen dressings may 
include, for example, gels, pads, particles, pastes, powders, 
sheets or solutions derived from for example, bovine, porcine 
or avian Sources or other natural Sources or donors. In certain 
embodiments, the collagen dressing may interact with treat 
ment site exudate to form a gel. In certain embodiments, 
collagen dressing may be used in combination with a second 
ary dressing. 
0216 6) Composites: Suitable composite dressings may 
include, for example, dressings that combine physically dis 
tinct components into a single product to provide multiple 
functions, such as, for example, a bacterial barrier, absorp 
tion, and adhesion. In certain embodiments, the composite 
dressings are comprised of, for example, multiple layers and 
incorporate a semi-or non-adherent pad. In certain embodi 
ments, the composite may also include for example, an adhe 
sive border of non-woven fabric tape or transparent film. In 
certain other embodiments, the composite dressing may func 
tion as for example, either a primary or a secondary dressing 
and in yet another embodiment, the dressing may be used in 
combination with topical pharmaceutical composition. 
0217 7) Contact Lavers: suitable contact layer dressings 
may include, for example, thin, non-adherent sheets placed 
on an area to protect tissue from for example, direct contact 
with other agents or dressings applied to the treatment site. In 
certain embodiments, contact layers may be deployed to con 
form to the shape of the area of the treatment site and are 
porous to allow exudate to pass through for absorption by an 
overlying, secondary dressing. In yet another embodiment, 
the contact layer dressing may be used in combination with 
topical pharmaceutical composition. 
0218 8) Elastic Bandages: suitable elastic bandages may 
include, for example, dressings that stretch and conform to 
the body contours. In certain embodiments, the fabric com 
position may include for example, cotton, polyester, rayon, or 
nylon. In certain other embodiments, the elastic bandage may 
for example, provide absorption as a second layer or dressing, 
to hold a cover in place, to apply pressure or to cushion a 
treatment site. 
0219 9) Foams: suitable foam dressings may include, for 
example, sheets and other shapes of foamed polymer Solu 
tions (including polyurethane) with Small, open cells capable 
of holding fluids. Exemplary foams may be for example, 
impregnated or layered in combination with other materials. 
In certain embodiments, the absorption capability may be 
adjusted based on the thickness and composition of the foam. 
In certain other embodiments, the area in contact with the 
treatment site may be non-adhesive for easy removal. In yet 
another embodiment, the foam may be used in combination 
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with an adhesive border and/or a transparent film coating that 
can serve as an anti-infective barrier. 
0220 10) Gauzes & Non-Woven dressings: suitable gauze 
dressings and woven dressings may include, for example, dry 
woven or non-woven sponges and wraps with varying 
degrees of absorbency. Exemplary fabric composition may 
include, for example, cotton, polyester, or rayon. In certain 
embodiments, gauzes and non-woven dressing may be avail 
able sterile or non-sterile in bulk and with or without an 
adhesive border. Exemplary gauze dressings and woven 
dressings may be used for cleansing, packing and covering a 
variety of treatment sites. 
0221 11) Hydrocolloids: suitable hydrocolloid dressings 
may include, for example, wafers, powders or pastes com 
posed of gelatin, pectin, or carboxymethylcellulose. In cer 
tain embodiment, wafers are self-adhering and available with 
or without an adhesive border and in a wide variety of shapes 
and sizes. Exemplary hydrocolloids are useful on areas that 
require contouring. In certain embodiments, powders and 
pastes hydrocolloids may use used in combination with a 
secondary dressing. 
0222 12) Hydrogels (Amorphous): suitable amorphous 
hydrogel dressings may include, for example, formulations of 
water, polymers and other ingredients with no shape, 
designed to donate moisture and to maintain a moist healing 
environments and or to rehydrate the treatment site. In certain 
embodiments, hydrogels may be used in combination with a 
secondary dressing cover. 
0223) 13) Hydrogels: Impregnated Dressings: suitable 
impregnated hydrogel dressings may include, for example, 
gauzes and non-woven sponges, ropes and strips Saturated 
with an amorphous hydrogel. Amorphous hydrogels may 
include for example, formulations of water, polymers and 
other ingredients with no shape, designed to donate moisture 
to a dry treatment site and to maintain a moist healing envi 
rOnment. 

0224 14) Hydrogel Sheets: suitable hydrogel sheets may 
include for example, three-dimensional networks of cross 
linked hydrophilic polymers that are insoluble in water and 
interact with aqueous solutions by Swelling. Exemplary 
hydrogels are highly conformable and permeable and can 
absorb varying amounts of drainage, depending on their com 
position. In certain embodiments, the hydrogel is non-adhe 
sive against the treatment site or treated for easy removal. 
0225 15) Impregnated Dressings: suitable impregnated 
dressings may include, for example, gauzes and non-woven 
sponges, ropes and strips saturated with a solution, an emul 
Sion, oil, gel or some other pharmaceutically active com 
pound or carrier agent, including for example, Saline, oil, Zinc 
salts, petrolatum, Xeroform, and Scarlet red as well as the 
compounds described herein. 
0226 16) Silicone Gel Sheets: suitable silicone gel sheet 
dressings may include, for example, soft covers composed of 
cross-linked polymers reinforced with or bonded to mesh or 
fabric. 
0227. 17) Solutions: suitable liquid dressings may 
include, for example, mixtures of multiprotein material and 
other elements found in the extracellular matrix. In certain 
embodiments, exemplary Solutions may be applied to the 
treatment site after debridement and cleansing and then cov 
ered with an absorbent dressing or a nonadherent pad. 
0228. 18) Transparent Films: suitable transparent film 
dressings may include polymer membranes of varying thick 
ness coated on one side with an adhesive. In certain embodi 
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ments, transparent films are impermeable to liquid, water and 
bacteria but permeable to moisture vapor and atmospheric 
gases. In certain embodiments, the transparency allows visu 
alization of the treatment site. 
0229. 19) Fillers: suitable filler dressings may include, for 
example, beads, creams, foams, gels, ointments, pads, pastes, 
pillows, powders, strands, or other formulations. In certain 
embodiments, fillers are non-adherent and may include a 
time-released antimicrobial. Exemplary fillers may be useful 
to maintain a moist environment, manage exudate, and for 
treatment of for example, partial- and full-thickness wounds, 
infected wounds, draining wounds, and deep wounds that 
require packing. 

Wound Treatment 

General Aspects 
0230. The present invention is directed to pharmaceutical 
compositions and their methods of use wherein the compo 
sition(s) comprises therapeutically effective amounts of a 
viral VEGF(s) and an anti-inflammatory mammalian or viral 
cytokine(s) (e.g., interleukin(s)) (alone or in combination 
with one or more therapeutic agents). The compositions are 
useful, for example, in enhancing or promoting healing of 
wounds, for example, including acute wounds and wounds 
that do not heal at expected rates. Such as chronic wounds and 
other wounds that may be slow to heal or refractory to con 
ventional wound treatment or wound healing promoting 
therapies, and other diseases, disorders and conditions 
described herein, including diseases, disorders and condi 
tions characterized by inflammation or unwanted inflamma 
tion. Chronic wounds are often characterized by unwanted 
inflammation. 
0231 Equally, in instances of other tissue damage (par 

ticularly wounds) the methods and compositions of the inven 
tion are effective in promoting the wound healing process, 
reducing Swelling and inflammation, and in minimizing scar 
formation. These formations are useful in treating fibrotic 
diseases, disorders and conditions and in treating, reducing 
the incidence or severity of or preventing or retarding adhe 
sions, Surgical adhesions and/or secondary Surgical adhe 
sions. The formulations have clear benefit in the treatment of 
wounds, whether the result of external trauma (including 
burns), internal trauma, or Surgical intervention, as well as 
chronic wounds. 

Compositions 

0232. In one aspect, the invention provides compositions 
for use in therapeutic wound treatment, which comprises a 
viral VEGF(s) and an anti-inflammatory mammalian or viral 
cytokine(s) (e.g., interleukin(s)). In another aspect, the inven 
tion provides compositions for use in therapeutic wound 
treatment, which comprises a viral VEGF(s) and an anti 
inflammatory mammalian or viral cytokine(s) (e.g., interleu 
kinCs)) and at least one other therapeutic agent, for example, 
an anti-connexin agent and/or an anti-osteopontin agent. In 
certain embodiments, the compositions further comprise a 
pharmaceutically acceptable carrier or vehicle. 
0233. In one embodiment, an anti-connexin agent is 
selected from a group consisting of an anti-connexin poly 
nucleotide, an anti-connexin peptide or peptidomimetic, an 
adherens junction modulator, and a connexin complex modu 
lator for wound treatment. In another embodiment, an anti 
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osteopontin agent is selected from a group consisting of an 
anti-osteopontin polynucleotide, an anti-osteopontin peptide 
or peptidomimetic for wound treatment. 
0234. In other embodiments, an anti-connexin or anti-os 
teopontin polynucleotide is an antisense polynucleotide. In 
one form, the composition contains one or more antisense 
polynucleotides to the mRNA of one connexin protein or one 
osteopontin protein only. For example, the connexin protein 
is connexin43. In anotherform, the composition comprises an 
anti-connexin peptide or peptidomimetic and an antisense 
polynucleotide to the mRNA of a connexin or osteopontin 
protein. Again, the connexin is, for example, connexin43. 
0235 Accordingly, in one aspect, the invention provides 
compositions for use in treating wounds, including chronic 
and slow or delayed healing wounds. In another aspect, the 
invention provides compositions for use in treating fibrosis or 
fibrotic diseases, disorders, or conditions. In an alternate 
aspect, the invention provides compositions for use in pre 
venting and/or treating abnormal or excessive scarring and/or 
excessive tissue proliferation and related disorders and con 
ditions. In a further aspect, the invention provides composi 
tions and methods for their use in preventing and/or decreas 
ing adhesions, including Surgical adhesions. In a further 
aspect, the invention provides compositions and methods for 
their use in preventing and/or decreasing inflammation. 

Kits, Medicaments and Articles of Manufacture 

0236. Optionally, a viral VEGF(s) and an anti-inflamma 
tory mammalian or viral cytokine(s) (e.g., interleukin(s)), 
either alone or in combination with one or more other thera 
peutic agents, may also be used in the manufacture of the 
medicament. 
0237. In one aspect, the invention provides a kit compris 
ing one or more compositions or formulations described. For 
example, the kit may include a composition or compositions 
comprising an effectiv0e amount of a viral VEGF(s) and an 
anti-inflammatory mammalian or viral cytokine(s) (e.g., 
interleukin(s)), either alone or together, and optionally in 
combination with one or more other thereapeutics agents, for 
example, anti-connexin agent species and/oranti-osteopontin 
agents. 
0238 Articles of manufacture are also provided, compris 
ing a vessel containing a composition or formulation of the 
invention as described herein and instructions for use for the 
treatment of a subject. For example, in another aspect, the 
invention includes an article of manufacture comprising a 
vessel containing atherapeutically effective amount of one or 
more anti-connexin agents, either alone or in combination 
with one or more other therapeutic agents, and instructions 
for use, including use for the treatment of a Subject. In one 
embodiment, a viral VEGF(s) and an anti-inflammatory 
mammalian or viral cytokine(s) (e.g., interleukin(s)) are pro 
vided in separate vessels. In another embodiment, a viral 
VEGF(s) and an anti-inflammatory mammalian or viral 
cytokine(s) (e.g., interleukin(s)) are provided in the same 
vessel. 
0239. In one aspect, the invention provides for a kit for 
treating wounds, including chronic and slow or delayed heal 
ing wounds. In another aspect, the invention provides a kit for 
treating fibrosis or fibrotic diseases, disorders, or conditions. 
According to an alternate aspect, the invention provides a kit 
for preventing and/or treating abnormal or excessive Scarring 
and/or excessive tissue proliferation and conditions compris 
ing one or more of the formulations described. In another 
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aspect, the invention provides a kit for preventing and/or 
decreasing adhesions comprising one or more compositions 
or formulations described. In another aspect, the invention 
provides a kit for preventing and/or decreasing inflammation 
comprising one or more compositions or formulations 
described. 
0240 Articles of manufacture are provided for preventing 
and/or treating wounds, including chronic and slow or 
delayed healing wounds. In another aspect, articles of manu 
facture are provided for preventing and/or treating fibrosis or 
fibrotic diseases, disorders, or conditions. Articles of manu 
facture are also provided for preventing and/or treating abnor 
mal or excessive Scarring and/or excessive tissue proliferation 
and related disorders and conditions. Additional articles of 
manufacture are provided for preventing and/or decreasing 
adhesions as described herein. Additional articles of manu 
facture are provided for preventing and/or decreasing inflam 
mation as described herein. 

Treatment 

0241 The compositions and formulations of the invention 
may be used in conjunction or in combination with a compo 
sition for promoting the healing of wounds, for example, and 
can also be used to reduce Swelling, inflammation, and/or 
scarring. The compositions and formulations of the invention 
may also be used in conjunction or in combination with a 
composition for promoting and/or improving the healing of 
acute or chronic wounds, including slow-healing and delayed 
healing wounds. In one aspect, the wound will be the result of 
Surgery or trauma or underlying medical condition, e.g., dia 
betes, peripheral edema, Vasculitis, or cardiovascular disease. 
0242. In one aspect the invention is directed to a method of 
promoting or improving wound healing in a Subject, compris 
ing administering therapeutically effective amounts of a viral 
VEGF(s) and an anti-inflammatory mammalian or viral 
cytokine(s) (e.g., interleukin(s)), either alone or in physical 
combination with each other. In certain embodiments, such 
administration is effective to reduce inflammation, promote 
cell migration to accelerate wound closure or otherwise 
improve healing, and/or to facilitate epithelial growth and 
Surface recovery. In certain embodiments, the administration 
of one or more compositions of the invention is effective to 
reduce or prevent scar formation, including abnormal scar 
formation. 
0243 In one aspect the invention is directed to a method of 
promoting or improving wound healing in a Subject, compris 
ing administration of a viral VEGF(s) and an anti-inflamma 
tory mammalian or viral cytokine(s) (e.g., interleukin(s)), 
alone or together, and optionally in concert with or in com 
bination with one or more other therapeutic agents in an 
amount effective to improve wound healing. 
0244. In yet a further aspect, the invention provides a 
method of decreasing scar formation and/or improving scar 
appearance in a patient who has suffered a wound, e.g., a 
Surgical wound (Such as in, for example, cosmetic, scar revi 
Sion, and other Surgeries), which comprises the step of admin 
istering a viral VEGF(s) and an anti-inflammatory mamma 
lian or viral cytokine(s) (e.g., interleukin(s)), alone or 
together, and optionally in concert with or in combination 
with one or more other therapeutic agents in an amount effec 
tive to improve healing at and immediately adjacent the site of 
said wound. Again, the wound may be the result of trauma or 
Surgery, for example, with the formulation being applied to 
the wound immediately prior to Surgical repair and/or closure 
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thereof. As noted herein, in methods to reduce or improve Scar 
formation or appearance, or prevent or reduce inflammation, 
a viral VEGF(s) and an anti-inflammatory mammalian or 
viral cytokine(s) (e.g., interleukin(s)), may be administered in 
combination with, or after or prior to, administration of a 
Suitable amount of another wound healing agent, for example, 
an anti-connexin agent or anti-osteopontin agent. 
0245. In one aspect the invention is directed to a method of 
reducing, preventing, or ameliorating tissue damage (includ 
ing inflammation damage) in a Subject, comprising adminis 
tration of a viral VEGF(s) and an anti-inflammatory mamma 
lian or viral cytokine(s) (e.g., interleukin(s)), alone or 
together, and optionally in concert with or in combination 
with one or more other therapeutic agents in an amount effec 
tive to reduce, prevent, or ameliorate tissue damage (includ 
ing inflammation damage). 
0246. In a further aspect, the invention is directed to a 
method of reducing Swelling and/or inflammation, for 
example as part of treating an acute or chronic wound and/or 
tissue (including tissue Subjected to physical trauma) which 
comprises the step of administering a viral VEGF(s) and an 
anti-inflammatory mammalian or viral cytokine(s) (e.g., 
interleukin(s)), alone or together, and optionally in concert 
with or in combination with one or more other therapeutic 
agents, to or proximate to said wound or tissue. In one 
embodiment the wound is the result of physical trauma to 
tissue, including dermal tissue (leading, for example, to a 
pressure ulcer or diabetic ulcer or other ulcer) and neuronal 
tissue such as the brain, spinal cord, or optic nerve, or skin or 
eye. 

0247. In one aspect the invention is directed to sustained 
administration of a viral VEGF(s) and an anti-inflammatory 
mammalian or viral cytokine(s) (e.g., interleukin(s)), either 
alone or in combination with one or more other therapeutic 
agents, for example, one or more anti-connexin agents and/or 
anti-osteopontin agents. In one embodiment, the agent or 
agents are administered for at least at least about 0.5 hours, 
about 1-24 hours, at least about 2 hours, at least about 3 hours, 
at least about 4 hours, at least about 5 hours, at least about 6 
hours, at least about 7 hours, at least about 8 hours, at least 
about 9 hours, at least about 10 hours, at least about 11 hours, 
at least about 12 hours or at least about 24 hours. According to 
one embodiment, the wound is a chronic wound. Suitable 
subjects include a diabetic subject. Other subjects include, for 
example, those with peripheral edema, Vasculitis, or cardio 
vascular disease. Other Subjects include, for example, those 
with venous disease, including venous insufficiency, or arte 
rial disease, including arterial insufficiency. 
0248. In one aspect, the present invention provides a 
method of treating a Subject having a wound that comprises 
Sustained administration of an effective amount of a viral 
VEGF(s) and an anti-inflammatory mammalian or viral 
cytokine(s) (e.g., interleukin(s)), either alone or in combina 
tion with one or more other therapeutic agents, for example, 
one or more anti-connexin agents and/or anti-osteopontin 
agents, to the wound. 
0249. In another aspect, methods for treating a subject 
having a chronic wound are provided. Such methods include 
administering to the subject a viral VEGF(s) and an anti 
inflammatory mammalian or viral cytokine(s) (e.g., interleu 
kins)), either alone or in combination with one or more other 
therapeutic agents, for example, one or more anti-connexin 
agents and/or anti-osteopontin agents. 
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0250 In one aspect the invention is directed to a method 
for treatment or prophylaxis of a chronic wound comprising 
administering to a subject in need thereofan effective amount 
of a viral VEGF(s) and an anti-inflammatory mammalian or 
viral cytokine(s) (e.g., interleukin(s)), either alone or in com 
bination with one or more other therapeutic agents, for 
example, one or more anti-connexin agents and/or anti-os 
teopontin agents. In one embodiment, the chronic wound is a 
chronic skin wound and a composition of the present inven 
tion is administered to the skin or a tissue associated with the 
skin of said subject for an effective period of time. A chronic 
skin wound Suitable for treatment may, for example, be 
selected from the group consisting of pressure ulcers, diabetic 
ulcers, venous ulcers, arterial ulcers, vasculitic ulcers, and 
mixed ulcers, and other noted herein. The chronic wound may 
be an arterial ulcer, which comprises ulcerations resulting 
from complete or partial arterial blockage. The chronic 
wound may be a venous stasis ulcer, which comprises ulcer 
ations resulting from a malfunction of the venous valve and 
the associated vascular disease. The chronic wound may be a 
trauma-induced ulcer. The chronic, slow- or delayed-healing 
wound may be, for example, dermal or ocular, associated with 
another organ tissue (e.g., kidney, bowel, liver, lung), or in the 
CNS 

0251 When not administered as a fixed combination, cer 
tain combination therapy methods include the sequential 
administration of a viral VEGF(s) and an anti-inflammatory 
mammalian or viral cytokine(s) (e.g., interleukin(s)), option 
ally in combination with one or more other therapeutic 
agents, for example, one or more anti-connexin agents and/or 
anti-osteopontin agents. For example, the agents are admin 
istered sequentially within at least about one-half hour of 
each other. The agents may also be administered with about 
one to 12 hours of each other, within about 12 to 24 hours of 
each other, within about one day to about one week of each 
other, or as otherwise deemed appropriate. 
0252. In one embodiment the method for treatment or 
prophylaxis of a chronic wound comprises Sustained admin 
istration of a viral VEGF(s) and an anti-inflammatory mam 
malian or viral cytokine(s) (e.g., interleukin(s)), either alone 
or in combination with one or more other therapeutic agents, 
for example, one or more anti-connexin agents and/or anti 
osteopontin agents. In one embodiment, the composition or 
compositions are administered in a Sustained release formu 
lation. In another embodiment, the composition or composi 
tions are administered for a sustained period of time. Subjects 
that may be treated include diabetic Subjects, and patients 
with other ulcers, including venous ulcers and others 
described herein and known in the art. 

0253) In one aspect the invention is directed to a method of 
preventing and/or treating fibrosis or fibrotic diseases, disor 
ders or conditions in a subject, comprising administration a 
therapeutically effective amount of a composition according 
to the invention. In certain embodiments, the administration 
is effective to reduce fibrosis. In certain embodiments, the 
administration is effective to prevent or reduce contracture. 
0254. In one aspect the invention is directed to a method of 
preventing and/or treating fibrosis or fibrotic diseases, disor 
ders, or conditions in a Subject, comprising administration of 
a therapeutically effective amount of a viral VEGF(s) and an 
anti-inflammatory mammalian or viral cytokine(s) (e.g., 
interleukin(s)), either alone or together in combination, and 
optionally in combination with one or more other therapeutic 
agents, for example, one or more anti-connexin agents and/or 
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anti-osteopontin agents, effective to reduce fibrosis. In one 
embodiment, administration of a viral VEGF(s) and an anti 
inflammatory mammalian or viral cytokine(s) (e.g., interleu 
kins)), either alone or together in combination, and option 
ally in combination with one or more other therapeutic 
agents, is effective to prevent or reduce contracture. 
0255 According to one embodiment of the method, the 
Subject has a disorder selected from the group consisting of 
Scleroderma, kidney fibrosis (including diabetic nephropa 
thy), cardiac fibrosis (e.g. myocardial fibrosis), pulmonary 
fibrosis (e.g., glomerulosclerosis pulmonary fibrosis, idio 
pathic pulmonary fibrosis, silicosis, asbestosis, interstitial 
lung disease and fibrotic lung disease, and chemotherapy/ 
radiation induced pulmonary fibrosis), oral fibrosis, 
endomyocardial fibrosis, deltoid fibrosis, pancreatitis, 
inflammatory bowel disease, Crohn's disease, nodular fas 
cilitis, eosinophilic fasciitis, general fibrosis syndrome char 
acterized by replacement of normal muscle tissue by fibrous 
tissue in varying degrees, retroperitoneal fibrosis, liver fibro 
sis, liver cirrhosis, chronic renal failure: myelofibrosis (bone 
marrow fibrosis), drug induced ergotism, glioblastoma in Li 
Fraumeni syndrome, sporadic glioblastoma, myleoid leuke 
mia, acute myelogenous leukemia, myelodysplastic Syn 
drome, myeloproferative syndrome, gynecological cancer, 
Kaposi's sarcoma, Hansen's disease, collagenous colitis and 
acute fibrosis. According to this embodiment, the Sclero 
derma may be morphea, generalized morphea, or linear Scle 
roderma. Also according to this embodiment, the kidney 
fibrosis may be glomerular sclerosis, renal tubulointerstitial 
fibrosis or progressive renal disease. Further to this embodi 
ment, the pulmonary fibrosis may be diffuse interstitial pull 
monary fibrosis. 
0256 According to another embodiment of the method, 
the fibrosis is acute fibrosis. The acute fibrosis may be in 
response to various forms of trauma including accidental 
injuries, infections, radiation or chemotherapy treatments. 
0257 According to another embodiment of the method, 
the fibrosis is chronic fibrosis. The invention also includes 
methods for treating and/or preventing, in whole or in part, 
various diseases, disorders and conditions, including, for 
example, capsular contracture, Dupytren’s contracture, Volk 
mann's contracture, Ledderhose's contracture, Peyronie's 
contracture or recurrence thereof, comprising administering 
effective amounts of a viral VEGF(s) and an anti-inflamma 
tory mammalian or viral cytokine(s) (e.g., interleukin(s)), 
either alone or together in combination, and optionally in 
combination with one or more other therapeutic agents. In 
certain embodiments, the composition is administered to the 
site of the injury before, at the time of and/or after a release 
procedure (e.g., forced manipulation, open release, arthro 
scopic release, or debulking of scar) to prevent the recurrence 
of scarred and abnormal tissue and/or further contracture. 

0258. In one aspect the invention is directed to a method of 
for preventing and/or treating abnormal or excessive Scarring 
and/or excessive tissue proliferation and related disorders and 
conditions in a subject, comprising administration of thera 
peutically effective amounts of a viral VEGF(s) and an anti 
inflammatory mammalian or viral cytokine(s) (e.g., interleu 
kins)), either alone or together in combination, and 
optionally in combination with one or more other therapeutic 
agents. In certain embodiments, the administration is effec 
tive to reduce abnormal or excessive Scarring and/or exces 
sive tissue proliferation and related disorders and conditions. 
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0259. In one aspect the invention is directed to a method of 
for preventing and/or treating abnormal or excessive Scarring 
and/or excessive tissue proliferation and related disorders and 
conditions in a subject, comprising administration of thera 
peutically effective amounts of a viral VEGF(s) and an anti 
inflammatory mammalian or viral cytokine(s) (e.g., interleu 
kins)), either alone or together in combination, and 
optionally in combination with one or more other therapeutic 
agents. In one embodiment, the viral VEGF and the anti 
inflammatory mammalian or viral cytokine (e.g., interleu 
kin)), either alone or together in combination, and optionally 
in combination with one or more other therapeutic agents, is 
effective to reduce abnormal or excessive scarring and/or 
excessive tissue proliferation and related disorders and con 
ditions. 
0260. In one aspect the invention is directed to sustained 
co-administration of a viral VEGF and an anti-inflammatory 
mammalian or viral cytokine (e.g., interleukin), either alone 
or together in combination, and optionally in combination 
with one or more other therapeutic agents. 
0261 According to one embodiment, the subject has an 
abnormal scar selected from the group consisting of keloid 
Scars, hypertrophic scars, widespread Scars, and atrophic 
SCaS. 

0262 According to another embodiment, the subjects to 
be treated include those having experienced trauma, Surgical 
intervention, burns, and other types of injuries that lead, or 
can lead, to abnormal or excessive Scarring, as well as exces 
sive Scarformation and other types of abnormal proliferation 
of tissue, including keloid Scars, hypertrophic scars, wide 
spread Scars, and atrophic Scars. 
0263. In certain embodiments, a viral VEGF(s) and an 
anti-inflammatory mammalian or viral cytokine(s) (e.g., 
interleukin(s)), either alone or together in combination (and 
optionally in combination with one or more other therapeutic 
agents), is administered to epithelial, connective, muscle, and 
nerve tissue or other tissue exposed or wounded during Sur 
gery or as a result of trauma. In some embodiments, the viral 
VEGF and the anti-inflammatory viral interleukin are admin 
istered topically. In other embodiments, the viral VEGF and 
the anti-inflammatory mammalian or viral cytokine (e.g., 
interleukin) are is implanted or instilled or injected. 
0264. In certain embodiments, the invention comprises a 
method of use of the compositions described herein in treat 
ing a disease or condition correlated with aberrant or undes 
ired connexin activity, wherein the disease or condition 
optionally is selected from the group consisting of an acute 
wound, a chronic wound, an inflammatory disease, a lung 
diseases (optionally asthma), a renal disease, a liver diseases 
(optionally NASH), arthritis (optionally juvenile arthritis, 
osteoarthritis, and rheumatoid arthritis), an inflammatory 
bowel disease (optionally Crohn's disease and ulcerative 
colitis), a dermatosis, an infection, ischemia (optionally a 
reperfusion injury), and a cardiac disease (optionally athero 
Sclerosis). 
0265. The following examples which will be understood 

to be provided by way of illustration only and not to constitute 
a limitation on the scope of the invention. 

EXAMPLES 

Example 1 
Preparation of Therapeutic Proteins and Experimental 
Procedures 

Recombinant Proteins 

0266 Recombinant FLAG-tagged VEGF-A and VEGF-E 
(ORFVVEGF), and murine (m) IL-10 and orf virus IL-10 

27 
Sep. 15, 2016 

(VIL-10) were expressed in 293-EBNA cells, purified and 
quantitated as previously described (Wise et. al., J Biol Chem 
278, 38004-38014, 2003, Imlachet. al., J Gen Virol 83, 1049 
1058, 2002). 

Mice 

0267 Specific Pathogen Free female C57BL/6 mice (6-8 
weeks of age) were obtained from the University of Otago 
Animal Facility and were used with institutional ethical 
approval. 

Wound Healing Assay 

0268. On day 0, mice were anesthetized by subcutaneous 
(SC) injection of ketamine/domitor/atropine (75/1/0.05 
mg/kg body weight, respectively), the dorsum shaved, depil 
ated with Veet cream (Reckitt Benckiser) and cleaned with 
saline. Two full-thickness excisional wounds were made on 
each animal, one on each flank, using a sterile, disposable, 
4-mm-diameter biopsy punch (Kruuse). Mice were given SC 
injections of Bupivacaine (2 mg/kg body weight) for pain 
relief and Strepsin to prevent wound infection. Mice were 
revived by SC injection of Antisedan (5 mg/kg body weight) 
then returned to their cages and kept warm by placing the 
cages on aheating pad until mobile. Each wound was digitally 
photographed at the indicated time intervals. Changes in the 
wound were measured (wound diameter across four points) 
using a digital caliper and expressed as a percentage of the 
original wound. Wounds were considered closed when com 
pletely covered by the epidermis. On day 2, the mice were 
divided into 8 groups. The seven treatment groups were 
administered VEGF-A or VEGF-E (1 lug in 50 uL phosphate 
buffered saline (PBS)), mIL-10 or VIL-10 (100 ng in 50 L 
PBS), VEGF-A and mIL-10 (1 lug and 100 ng, respectively, in 
50 uL PBS), VEGF-A and mIL-10 (1 lug and 100 ng, respec 
tively, in 50 uL PBS), or PBS alone by a single SC injection 
adjacent to the wound (about 3 mm away, and angled toward 
the wound) on each flank (2 wounds from 4 mice per group). 
Each group of mice received boost injections of identical 
treatments to each wound on days 4, 6 and 8. The final group 
was left untreated. Four mice from each group were eutha 
nized on each of days 3, 6, 9 and 16. 
10269) Skin biopsies of 1 cm around each wound were 
excised with sharp scissors then divided in half along the 
narrowest diameter. On day 16 the inside of each wound was 
cleaned then photographed following its excision. Half of 
each wound was fixed in 0.5% zinc salts solution and pro 
cessed into paraffin wax. Six 4 um serial sections were taken 
from the fixed blocks approximately 50 um apart. The 
remaining wounds from each group were combined into two 
samples (4 left side and 4 right side) then stored in RNAlater 
RNA Stabilization Reagent (Qiagen) following the manufac 
turers instructions. 

Histological Analyses 

0270. Serial sections were stained with MSB trichrome 
and digital photographs were taken of the entire section and 
were converted into panoramas using Photoshop. 
0271 Image.J was used to measure the area of the neo 
epidermis and the granulation tissue (neo-dermis), and the 
length of epidermal projections (rete ridges) into the dermis, 
and the width and total area wound in each section. Collagen 
content was assessed using RGB Measure (intensity of blue 
staining at individual pixels) and was normalized to that of 
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unwounded skin stained at the same time. Re-epithelializa 
tion was calculated as the percentage of total wound width 
covered by neo-epidermis. Dermal closure was calculated as 
the percentage of total wound area covered by granulation 
tissue. The average epidermal or granulation tissue area, per 
centage re-epithelialization, rete ridge number or length from 
6 serial sections from 2 wounds from 4 different animals was 
used for analysis. 
0272 Vascularization within the granulation tissue was 
quantitated using a grid overlaying the neo-dermis, avoiding 
glands and hair follicles. The grid was divided by equidistant 
lines 0.024 mm apart. The points at which stained blood 
vessels crossed the intersecting points of the grids were 
counted (with each vessel counted only once) and the areal 
fraction of vascularized neo-dermis was expressed as the 
fraction of the intersecting points on which stained cells fell. 
The average areal fraction vascularization was determined 
from 6 serial sections from 2 wounds from 4 different ani 
mals. 

Immuno-Fluorescent Analysis 

0273 Immuno-fluorescent staining followed standard 
methodology. Briefly, representative sections were incubated 
with one or more primary antibody (anti-mouse F4/80 anti 
gen AlexaFluor R488 (PAB49, eBioscience, 1:100 dil, anti 
C-Smooth muscle actin (CSMA) Cy3 conjugate (PAB53, 
Sigma-Aldrich, dilution 1:400), anti-vimentinXPR 488 con 
jugate (D21H3, Cell Signalling technology, dilution 1:100) or 
polyclonal rabbit anti-human von Willebrand Factor (VWF, 
PAB52, DakoCytomation, dilution 1:200) in tris buffered 
saline (TBS) for 2 hat room temperature (RT). Following this 
and Subsequent antibody incubations, slides were washed for 
15 min in TBS. Slides incubated with the anti-vWF poly 
colonal were then incubated with goat anti-rabbit IgG Alex 
aFluor R488 (SAB10, Invitrogen, 1:500 dilution) in TBS for 
2 h at RT. 4,6-diamidino-2-phenolindole (DAPI, D3571, 
Invitrogen, 75 nM) was also added to the slide for the final 30 
min of the antibody incubation. Slides were mounted with 
SlowFade Gold anti-fade reagent (S36936, Invitrogen) then 
visualized using a fluorescent microscope. Digital photo 
graphs were taken of the entire section using the red and green 
filters, with the white balance adjusted so the background 
fluorescence appears yellow. Images were Subsequently 
merged and converted into panoramas using Photoshop. 
0274 The number of F4/80 macrophages per wound 
was quantitated within the dermal and hypodermal areas 0.57 
mm either side of the wound edges. The number of VWF' 
endothelial cells and those associated with CSMA"" peri 
cytes and the number of red blood cells within the granulation 
tissue area was quantitated in the neo-dermis, avoiding glands 
and hair follicles. Results are expressed as the average num 
ber of stained cells/1000 um and were determined using a 
representative section from 2 wounds from 4 different ani 
mals. The intensity of C-SMA staining was quantitated within 
the granulation tissue usiong Adobe 
0275 Photoshop. Results are expressed as the mean total 
C-SMA intensity (mean red pixel intensity X number of pix 
els) and were determined using a representative section from 
two wounds from four different animals. 

Quantitative RT-PCR 
0276 Mouse skin was placed in liquid nitrogen, ground 
thoroughly with a mortar and pestle then homogenized using 
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a needle and syringe. Total RNA was then isolated by Trizol 
purification (Invitrogen) followed by Proteinase K digestion 
then further purified step using the RNeasy(R) Mini Kit 
(Qiagen), in each case following the manufacturers instruc 
tions. Synthesis of cDNA was carried out with total RNA, 
oligo(dT)s and random hexamer primers using Superscript 
III (Invitrogen) following the manufacturers instructions. 
Real-time quantitative PCR was carried out in an ABIPRISM 
7700 Sequence Detection System using the SYBR(R) Green 
PCR Master Mix (Applied Biosystems) following the manu 
facturer's instructions. The PCR primer sets were from the 
literature, qPrimerDepot (primerdepot.nci.nih.gov/) or 
designed using the LUXTM Designer software from Invitro 
gen to give amplicons from 87 to 129 bp. Primer efficiencies 
were determined and quantitative RT-PCR data analyses were 
performed as described in PE Applied Biosystems User Bul 
letin #2, 1997. 

Measurements of Scar Resolution 

(0277. The scars on the wounded flank of each mouse were 
photographed at day 13 (eight per group) then scored blind by 
six independent observers. A scale of 1:5 was used where one 
represented a fully resolved wound while five denoted that an 
obvious scar remained. The external scar score represented 
the mean score from six observers for the eight wounds per 
treatment group. 
0278. The scars on the wounded flank of each mouse were 
also photographed at day 16, on the hair-free inside of the skin 
where they were most visible. The scar area was then mea 
Sured blind using Image J Software by two independent 
observers. Internal scar areas represent the mean area of two 
wounds from four animals per treatment group and were 
consistent between observers. 

Statistical Analyses 
0279 Statistical analysis of the data obtained from each 
assay was performed using analysis of variance (single factor 
ANOVA) with significant points of difference (P<0.05) deter 
mined using the Bonferroni Method. 

Example 2 

0280 Treatment with Viral VEGF and Viral IL-10Accel 
erates Wound Closure 
0281 Treatment with a combination of viral VEGF-E and 
viral IL-10 accelerates wound closure to a greater extent than 
the individual treatments or their mammalian equivalents. 
0282. The ability of the viral factors to regulate tissue 
repair in a mouse model of cutaneous wound healing was 
examined in this Example. Excisional wounds were treated 
on days 2, 4, 6 and 8 by Subcutaneous (SC) injection of equal 
doses of the viral or mammalian VEGFs, or IL-10s, alone or 
in combination and were compared to untreated or mock 
treated wounds. 
0283 Photographs taken at the indicated time points dur 
ing wound healing and measurement in wound size revealed 
differences in healing kinetics and the time to wound closure 
between the treatment groups (FIG. 1). Mock treatment of 
wounds with SC injection of PBS induced a significant reduc 
tion in wound size at day 8 compared to untreated wounds but 
this did not translate to a significant increase in the time till 
wound closure (FIG. 2; day 9.3 Vs day 9.4). 
0284 Treatment with either mammalian or viral VEGF 
induced a significant reduction in wound size at day 6 com 
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pared to mock-treated wounds, while viral VEGF (here, 
VEGF-E) treatment continued to induce a significant reduc 
tion in wound area at day 8. VEGF-E-treated wounds also 
closed significantly faster than VEGF-A-treated wounds 
(FIG. 2; day 8.0 vs day 9.25). 
0285 Treatment with either mammalian or viral IL-10 
also induced a significant reduction in wound size at day 6 
compared to mock-treated wounds, while viral IL-10 treat 
ment continued to induce a significant reduction in wound 
area at day 8. Viral IL-10-treated wounds also closed faster 
than mIL-10-treated wounds (FIG. 2; day 8.5 vs day 8.75). 
0286 Treatment of wounds with VEGF-A and mIL-10 did 
not further reduce wound size or accelerate wound closure 
compared to treatment with either factor alone. 
0287 Treatment of wounds with VEGF-E and VIL-10 did 
however enhance early wound closure over the individual 
treatments with a significant reduction in wound size at day 4. 
Treatment with VEGF-E and VIL-10 induced a significant 
reduction in wound size from day 4 compared with mock 
treated wounds. Wounds treated with the viral combination 
were smaller than wounds treated with the mammalian 
equivalents from day 4 with a significant difference at day 8. 
In addition the wounds treated with VEGF-E and VIL-10 
closed significantly faster than the wounds treated with their 
mammalian equivalents (FIG. 2; day 8.2 vs day 9.0). 
0288 These results demonstrate that treatment of wounds 
with VEGF or IL-10, from a mammalian or viral source, 
reduces wound size. In addition, treatment with the viral 
factors resulted in accelerated wound closure. Combining the 
viral VEGF and viral IL-10 enhanced early wound closure 
over that of the individual factors. 

Example 3 

0289 Treatment with Viral VEGF and Viral IL-10 
Enhances Epidermal Regeneration 
0290 Treatment with the combination of VEGF and IL-10 
enhances epidermal regeneration over that of treatment with 
the factors alone. 
0291. This Example was carried out to determine if the 
accelerated wound closure observed in wounds treated with 
the viral factors was due to enhanced re-epithelialization. 
0292. On various days post wounding, the skin surround 
ing each wound was excised and the neo-epidermis was ana 
lyzed histologically or by quantitative RT-PCR. 
0293. The direct effect of a single treatment of viral or 
mammalian VEGFs, or IL-10s, alone or in combination, on 
the wound neo-epidermis was investigated by MSB 
trichrome staining of sections from treated and untreated 
wounds after 3, 6 and 9 days. Representative sections shown 
in FIG. 3A illustrate that VEGF-E and VEGF-A treatment 
increased wound re-epithelialization compared with the con 
trol wounds. Re-epithelialization was then quantitated by 
determining the percentage of total wound width covered by 
neo-epidermis as illustrated in FIG. 3B. By day 3 the epider 
mis covered 53% of the wound bed in wounds treated with 
VEGF-E, which was significantly greater than the percentage 
re-epithelialization seen in mock-treated and untreated 
wounds (33% and 31%, respectively, Ps0.05, FIG. 3C). 
VEGF-A-treated wounds showed a similar level of re-epithe 
lialization (45%, FIG.3C) to that of VEGF-E-treated wounds 
at day 3. Treatment of wounds with VEGF-E continued to 
significantly increase wound re-epithelialization by day 6, 
with the epidermis covering 99% of the wound bed compared 
with the mock-treated and untreated wounds (81% and 82%, 
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respectively, P-0.05, FIG. 3C). At day 6, VEGF-A-treated 
wounds showed significantly less re-epithelialization (86%, 
Ps0.05, FIG. 3C) than that of VEGF-E-treated wounds. By 
day 9, all wounds showed 100% re-epithelialization (FIG. 
3C). Overall at day 3, the neo-epidermis of wounds treated 
with VEGF-E had an area of 5026 um, which was signifi 
cantly greater than the areas of the mock-treated and 
untreated wounds (2798 um and 2663 um, respectively, 
Ps0.05, FIG. 3D). The area of neo-epidermis seen in VEGF 
E-treated wounds was also significantly greater than that of 
VEGF-A-treated wounds (4270 um, Ps0.05, FIG. 3D). By 
day 6, the area of neo-epidermis of VEGF-E-treated wounds 
had increased to 7795 um, which was significantly greater 
than the areas of the mock-treated and untreated wounds 
(5991 um and 6067 um, respectively, Ps0.05, FIG. 3D). At 
day 6, the neo-epidermis of VEGF-A-treated wounds was of 
a similar area (8046 um, Ps0.05, FIG. 3D) to that of VEGF 
E-treated wounds. At day 9, the areas of the neo-epidermis in 
wounds treated with VEGF-E or VEGF-Ahad reduced in size 
(5231 um and 5619 um, respectively, FIG. 3D), but were 
still significantly greater than the areas of mock-treated and 
untreated wounds (P-0.05, 2815um and 4252 um, respec 
tively, FIG. 3D). 
0294 Treatment of wounds with either IL-10 significantly 
increased wound re-epithelialization at day 3, compared with 
the control wounds, with the epidermis covering 46% and 
50% of the wound bed in wounds treated with VIL-10 and 
mIL-10, respectively (P<0.05, FIG. 3A, C). Treatment of 
wounds with either IL-10 continued to increase wound re 
epithelialisation significantly by day 6, with the epidermis 
covering 97.0 and 98.1% of the wound bed, in wounds treated 
with VIL-10 and mIL-10, respectively (P<0.05, FIG. 3C). At 
day 3 the neo-epidermal area of wounds treated with VIL-10 
and mL-10 had significantly increased to 4619 um and 4583 
um, respectively (P<0.05, FIG. 3D). By day 6, the area of 
neo-epidermis had increased in VIL-10- and mIL-10-treated 
wounds to 5875um and 5438 um, respectively, but was now 
similar in area to those of mock-treated and untreated wounds 
(FIG. 3D). At day 9, the areas of the neo-epidermis in IL-10 
treated wounds had decreased in size, but the neo-epidermal 
area in mIL-10-treated wounds was significantly smaller than 
that of mIL-10-treated wounds (2649 um and 5619 um, 
respectively, FIG. 3D). The neo-epidermal area of mIL-10 
treated wounds was similar to that of untreated skin (2815 
um, FIG. 3D), while the area of VIL-10 treated wounds was 
similar to mock-treated wounds (4252 um, FIG. 3D). 
0295 Treatment of wounds with the combination of 
VEGF and IL-10 also significantly increased wound re-epi 
thelialization at day 3, compared with the control wounds, 
with the epidermis covering 74% and 70% of the wound bed 
in wounds treated with VEGF-E and VIL-10 or VEGF-A and 
mIL-10, respectively (P<0.05, FIG. 3A, C). Wounds treated 
with either VEGF and IL-10 combination also showed a 
significantly greater level of re-epithelialization at day 3 than 
that of wounds treated with either VEGF or IL-10 alone 
(P<0.05, FIG. 3C). Treatment of wounds with either VEGF 
and IL-10 combination continued to increase wound re-epi 
thelialisation significantly by day 6, with the epidermis cov 
ering 95.9 and 98.2% of the wound bed, in wounds treated 
with VEGF-E and VIL-10 or VEGF-A and mIL-10, respec 
tively (P<0.05, FIG. 3C). Wounds treated with either VEGF 
and IL-10 combination did not have a significantly greater 
level of re-epithelialization at day 6 than that of wounds 
treated with either VEGF or IL-10 alone (FIG. 3C). At day 3 
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the average area of the neo-epidermis of wounds treated with 
VEGF-E and VIL-10 or VEGF-A and mIL-10 had signifi 
cantly increased to 7950 um and 7988 um, respectively 
(P<0.05, FIG. 3D). The area of neo-epidermis seen in wounds 
treated with either VEGF and IL-10 combination was signifi 
cantly greater than that of wounds treated with the VEGF or 
IL-10 alone (P<0.05, FIG. 3D). By day 6, the area of neo 
epidermis had decreased in VEGF-E and VIL-10 or VEGF-A 
and mIL-10-treated wounds to 5515 um and 5663 um, 
respectively, but was now similar in area to those of mock 
treated and untreated wounds (FIG.3D). At day 9, the areas of 
the neo-epidermis in combination-treated wounds had 
decreased in size, with neo-epidermal areas of 2780 um and 
3247 um in VEGF-E and VIL-10 or VEGF-A and mIL-10 
treated wounds, respectively (FIG. 3D). The neo-epidermal 
area of combination-treated wounds were significantly less 
than that of mock-treated skin (FIG. 3D). 
0296. These results demonstrate that treatment of wounds 
with VEGF or IL-10, from a mammalian or viral source, 
increases the area of the neo-epidermis and the rate of wound 
re-epithelialization. Continued treatment of wounds with 
VEGF, from a mammalian or viral source, resulted in epider 
mal hyperplasia. Combining either VEGF with its respective 
IL-10 however decreased this effect, and limited the epider 
mal hyperplasia induced by the individual VEGF treatments. 

Example 4 

0297 Treatment with Viral VEGF and Viral IL-10 
Enhances Epidermal Regeneration 
0298 Treatment with the combination of VEGF and IL-10 
enhances epidermal regeneration to a greater extent than the 
VEGF treatments alone. 
0299 The effect of repeat treatments of viral or mamma 
lian VEGFs, or IL-10s, alone or incombination, on the wound 
neo-epidermis was investigated by MSB trichrome staining 
of sections from treated and untreated wounds after 9 days. 
Representative sections, shown in FIG. 4A, illustrate the 
increased epidermal hyperplasia and rete ridge formation 
observed in the VEGF-treated wounds. VEGF-treated 
wounds showed a significant increase in rete ridge length 
(VEGF-E; 37.1 um and VEGF-A, 32.5 um, FIG. 4C) com 
pared with the rete ridges in mock-treated and untreated 
wounds (25.9 um and 21.36 um, respectively, Ps0.05, FIG. 
4B). 
0300 Wounds treated with VIL-10 or mIL-10 did not show 
an increase in rete ridge length (23.1 um and 23.2 um, respec 
tively FIG. 4B). 
0301 Wounds treated with VEGF-E and VIL-10 or 
VEGF-A and mL-10 also did not differ from control wounds 
in rete ridge length (23.1 um and 24.4 um, respectively, FIG. 
4B). 
0302) These results demonstrate that repeat treatment of 
wounds with VEGF, from a mammalian or viral source, 
increases the projection of rete ridges into the dermis. Com 
bining either VEGF with its respective IL-10 however 
decreased this effect, thereby limiting the epidermal hyper 
plasia induced by the individual VEGF treatments. 

Example 5 

0303 Treatment with Viral VEGF and Viral IL-10 Alters 
the Timing of Key Regulators of Epidermal Repair 
0304. In this Example, the effect of treatments with VEGF 
and IL-10 combinations on key regulators of wound re-epi 
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thelialization and resolution was examined. The effect of the 
treatments on expression of growth factors and gap junction 
proteins known to regulate epidermal proliferation, differen 
tiation or communication was examined in the treated and 
untreated wounds using quantitative real-time (RT)-PCR. 
0305 Connexin43 is expressed in the wounded epidermis 
and has implicated in the control of keratinocyte proliferation 
and wound closure (Goliger and Paul, Mol Biol Cell, 6, 1491 
501, 1995; Moriet al., J CellSci, 119,5193-203, 2006; Qiu et 
al. Curr Biol, 13, 1697-703, 2003). Connexin43 expression 
was increased in wounded skin by day 3 and from days 9-16 
(FIG.5A-B). Treatment of wound with VEGF-A or VEGF-E 
had little effect on connexin43 expression at day 3 compared 
with mock-treated wounds, while connexin43 expression was 
reduced in wounds treated with mIL-10 or VIL-10 (FIG. 5A). 
Treatment of wounds with VEGF-E and VIL-10 also 
decreased the expression of connexin43 at day 3 but then 
increased its expression from day 9 (FIG. 5A-B). In contrast, 
treatment with VEGF-A and mIL-10 increased the expression 
of connexin43 over that of mock-treated wounds at all time 
points (FIG. 5A-B). 
(0306 BMP-6 promotes the differentiation of kerati 
nocytes while inhibiting their proliferation (Gosselet et al., 
Cell Signal 19, 731-9, 2007: Kaiser et al., J Invest Dermatol 
111, 1145-52, 1998). BMP-6 expression was down-regulated 
in wounded skin at day 3 but increased from days 6-9 (FIG. 
5C-D). Treatment of wounds with mammalian or viral VEGF 
or IL-10 decreased the expression of BMP-6 at day 3 com 
pared with mock-treated wounds (FIG. 5C). Treatment of 
wounds with both VEGF and IL-10 combination decreased 
the expression of BMP-6 at day 3, then increased its expres 
sion over mock-treated wounds from day 6 (FIG.5C-D). EGF 
promotes keratinocyte proliferation and migration thereby 
contributing to early wound re-epithelialization (Ando et al., 
J Invest Dermatol, 100, 633-9, 1993; Barrientos et al., Wound 
Repair Regen 16, 585-601, 2008; Rheinwald et al., Nature 
265, 421-424, 1977). EGF expression decreased in wounded 
skin at day 3 then started to increase by day 9 (FIG. 5E-F). 
Treatment of wound with VEGF-A or VEGF-E had slightly 
increased EGF expression at day 3 compared with mock 
treated wounds, while EGF expression was slightly reduced 
in wounds treated with mIL-10 or VIL-10 (FIG. 5E). Treat 
ment of wounds with VEGF-E and VIL-10 enhanced the 
expression of EGF over that of the mock-treated wounds from 
day 3, compared with the mammalian combination which 
up-regulated EGF expression from day 6 (FIG. 5E-F). 
0307 KGF promotes keratinocyte migration and differen 
tiation during late healing thereby contributing to regenera 
tion of the wounded epidermis (Barrientos et al., Wound 
Repair Regen 16,585-601, 2008; Niu et al., 3 Biol Chem 282, 
6001-6011, 2007). KGF expression decreased in wounded 
skin till day 6 then had increased by day 9 (FIG. 5G-H). 
Treatment of wound with VEGF-A, VEGF-E or VIL-10 had 
little effect on KGF expression at day 3 compared with mock 
treated wounds, but KGF expression was reduced in wounds 
treated with mIL-10 (FIG. 5G). Treatment of wounds with 
VEGF-E and VIL-10 initially decreased the expression of 
KGF at day 3 compared with mock-treated wounds then 
increased its expression from day 6 (FIG. 5G-H). Treatment 
with VEGF-A and mIL-10 also decreased the expression of 
KGF at day 3 but did not substantially increase its expression 
over that of mock-treated wounds at the later time points 
(FIG.5G-H). 
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0308. These results show that the combination of viral 
VEGF-E and viral IL-10 enhances and accelerates the expres 
sion of key regulators of re-epithelization and keratinocyte 
differentiation, and support the idea that the viral combina 
tion will promote epidermal regeneration and resolution in 
wounded skin to a greater extent than treatment with the 
mammalian combination or the individual factors. 

Example 6 

0309 Treatment with Viral VEGF and Viral IL-10 
Reduces Inflammatory Cell Recruitment 
0310 Treatment of the combination of VEGF and IL-10 
reduces inflammatory cell recruitment into the wound to a 
similar extent as IL-10 treatment alone. 

0311. The effect of repeat treatments of viral or mamma 
lian VEGFs, or IL-10s, alone or in combination, on wound 
inflammation was investigated by immuno-fluorescent stain 
ing ofF4/80" of sections from treated and untreated wounds 
after 6 days. Representative sections, shown in FIG. 6A, 
illustrate the increased number of inflammatory cells 
observed in mock and VEGF-A-treated wounds compared 
with wounds treated with VEGF-E, IL-10s or the combina 
tions of VEGF and IL-10. 

0312 The number of inflammatory cells adjacent to the 
wound edge was quantified. Wounds treated with VEGF-A 
had a similar number of macrophages (1.05 F4/80'" cells/ 
1000 um, FIG. 6B) to that of mock-treated and untreated 
wounds (1.32 and 1.21 F4/80" cells/1000 um, respectively, 
FIG. 6B). Wounds treated with VEGF-E, however, showed a 
significant decrease in the number of macrophages adjacent 
to the wound (0.79 F4/80" cells/1000 um, P-0.05, FIG. 
6B), when compared with control wounds. Wounds treated 
with VIL-10 and mIL-10 also showed a significant decrease in 
the number of wound macrophages (0.42 and 0.49 F4/80' 
cells/1000 um, respectively, Ps0.05, FIG. 6B). Wounds 
treated with VEGF-E and VIL-10 or VEGF-A and mL-10 
also showed significant decreases in macrophage number 
(0.60 and 0.34 F4/80" cells/1000 um, respectively, P-0.05, 
FIG. 6B) compared with the mock-treated and untreated 
wounds, which were similar to that of the decreases seen with 
the individual IL-10 treatments. 

0313 These results demonstrate that repeat treatment of 
wounds with IL-10, from a mammalian or viral source, 
decreases inflammatory cell influx into the wound. Treatment 
with VEGF-A did not influence macrophage recruitment 
while VEGF-E reduced macrophage recruitment to the 
wound. Importanly, the addition of VEGF to its respective 
IL-10 did not reduce the ability of the viral or mammalian 
IL-10 to reduce wound inflammation. 

Example 7 

0314 Treatment with Viral VEGF and Viral IL-10 
Reduces Wound Inflammation 

0315 Treatment with the combination of viral VEGF and 
viral IL-10 reduces wound inflammation by altering the tim 
ing and level of key regulators of inflammatory cell migration 
and activation. 

0316. In this Example, the effect of treatment with VEGF 
and IL-10 combinations on key regulators of inflammatory 
cell migration and activation was examined. The effect of the 
treatments on expression of cytokines and chemokines that 
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regulate the inflammatory phase of tissue repair was exam 
ined in the treated and untreated wounds using quantitative 
real-time (RT)-PCR. 
0317. The pro-inflammatory cytokines interleukin (IL)- 
1B and IL-6 are expressed by infiltrating neutrophils and 
macrophages and have been implicated in the control of 
wound re-epithelialization and re-vascularization (reviewed 
in Barrientos et al., Wound Repair Regen 16, 585-601, 2008). 
IL-10 and IL-6 expression was upregulated in wounded skin 
at day 3 (FIG. 7A, B). Treatment of wounds with VEGF-A or 
VEGF-E more than doubled the expression levels of both 
pro-inflammatory cytokines compared with mock-treated 
wounds, while expression of the cytokines was substantially 
reduced in wounds treated with mIL-10 or VIL-10 (FIG. 7A, 
B). Treatment of wounds with VEGF-E and VIL-10 decreased 
the expression of IL-10 and IL-6 while treatment with 
VEGF-A and mIL-10 increased their expression over that of 
mock-treated wounds (FIG. 7A, B). 
0318. The pro-inflammatory chemokines CCL2 (mac 
rophage chemo-attractant protein (MCP)-1) and CXCL2 
(macrophage inflammatory protein (MIP)-2a) are expressed 
by the wounded endothelium and infiltrating macrophages 
and chemo-attractants for macrophages and neutrophil 
recruitment, respectively (DiPietro et al., Am J Pathol, 146, 
868-75, 1995; Seo et al., Am J Physiol Cell Physiol, 281, 
C1568-78, 2001). CCL2 also recruits fibroblasts during 
inflammation and stimulates them to produce collagen fibers 
and structural tissues within the wound (Gharee-Kermani et 
al., J Biol Chem 271, 17779-84, 1996. The chemokine 
CXCL2 contributes to epidermal regeneration and is pro 
angiogenic (Devalaraja, J Invest Dermatol 115, 234-44. 
2000). CCL2 and CXCL2 expression was upregulated in 
wounded skin at day 3 (FIG. 7C, D). Treatment of wounds 
with VEGF-A or VEGF-E more than doubled the expression 
levels of both pro-inflammatory chemokines compared with 
mock-treated wounds, while expression of the chemokines 
was substantially reduced in wounds treated with mIL-10 or 
VIL-10 (FIG. 7C, D). Treatment of wounds with either com 
bination of VEGF and IL-10 decreased the expression of 
CCL2 and CXCL2 to a level intermediate to that of wounds 
treated individually with either VEGF or IL-10 (FIG.7C, D). 
0319. The anti-inflammatory cytokine IL-10 is expressed 
by the wounded epidermis and infiltrating neutrophils and 
macrophages and has been implicated in the control of Scar 
formation (Peranteau et al., J. Invest Dermatol, 128, 1852-60, 
2008). IL-10 expression was upregulated in wounded skin at 
day 3 (FIG. 7E). Treatment of wounds with VEGF-A or 
VEGF-E increased the expression of IL-10 compared with 
mock-treated wounds, while little difference was seen in 
wounds treated with mIL-10 or VIL-10 (FIG. 7A, B). Treat 
ment of wounds with VEGF-E and VIL-10 substantially 
increased the expression of IL-10 over that of mock-treated 
wounds while treatment with VEGF-A and mIL-10 had very 
little effect (FIG. 7E). 
0320 Osteopontin (secreted phospoprotein (SPP)-1), a 
glycoprotein that is involved with adhesion to the extracellu 
lar matrix, regulates inflammatory cell and fibroblast traffick 
ing and Survival and is thought to contribute to Scarformation 
(Mori et al., J Exp, Med. 205, 43-51, 2008). Osteopontin 
expression was upregulated in wounded skin at day 3 (FIG. 
7F). Treatment of wounds with VEGF-A or VEGF-E had no 
effect on the expression of osteopontin compared with mock 
treated wounds, while osteopontin expression was substan 
tially reduced in wounds treated with mIL-10 or VIL-10 (FIG. 
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7F). Treatment of wounds with either combination of VEGF 
and IL-10 decreased the expression of osteopontinto a similar 
level to that of wounds treated individually with IL-10 (FIG. 
7F). 
0321. These results demonstrate that repeat treatment of 
wounds with IL-10, from a mammalian or viral source, 
decreases pro-inflammatory cytokine, chemokine and glyco 
protein expression levels. In contrast treatment with either 
VEGF increased pro-inflammatory gene expression levels. 
The addition of VEGF to its respective IL-10 did not, how 
ever, reduce the ability of the viral or mammalian IL-10 to 
limit pro-inflammatory gene expression. The altered inflam 
matory expression levels in IL-10 and combination treated 
wounds contribute to the reduced inflammatory cell influx. 
The combination treatment of viral VEGF-E and viral IL-10 
reduced the expression of IL-6 and increased the expression 
of IL-10 within the wound to a greater extent than treatment 
with the mammalian combination or the individual treat 
ments. Given the roles of these key mediators in Scarring 
these results support the idea that the viral combination limits 
scarring to a greater extent than the other treatments. 

Example 8 

0322 Treatment with Viral VEGF and Viral IL-10 
Reduces Myofibroblast Differentiation 
0323 Treatment of the combination of VEGF and IL-10 
reduces myofibroblast differentiation. The addition of VEGF 
to its respective IL-10 did not diminish the ability of the viral 
or mammalian IL-10 to reduce myofibroblast differentiation. 
0324. The effect of repeat treatments of viral or mamma 
lian VEGFs, or IL-10s, alone or in combination, on myofi 
broblast differentiation was investigated by immuno-fluores 
cent staining of sections from treated and untreated wounds 
for vimentin and DSMA within the granulation tissue after 6 
days. Representative sections, shown in FIG. 8A, illustrate 
the extent of C.SMA produced by vimentin'? fibroblasts 
observed in mock and VEGF-A-treated wounds compared 
with wounds treated with VEGF-E, IL-10s or the combina 
tions of VEGF and IL-10. 
0325 The intensity of C.SMA staining within the granula 
tion tissue was quantified. Wounds treated with VEGF-A had 
a similar C.SMA staining (99x107 total red intensity, FIG.8B) 
to that of mock-treated and untreated wounds (110x10" and 
109x107 total red intensity, respectively, FIG. 8B). Wounds 
treated with VEGF-E, however, showed a significant decrease 
in C.SMA staining (54x107 total red intensity, P-0.05, FIG. 
8B), when compared with control wounds. Wounds treated 
with VIL-10 and mIL-10 also showed a significant decrease in 
the number of wound macrophages (76x10" and 64x10 total 
red intensity, respectively, Ps0.05, FIG. 8B). Wounds treated 
with VEGF-E and VIL-10 or VEGF-A and mL-10 also 
showed significant decreases in macrophage number (58x10 
and 55x107 total red intensity, respectively, Ps0.05, FIG.8B) 
compared with the mock-treated and untreated wounds, 
which were similar to that of the decreases seen with the 
individual IL-10 treatments. 
0326. These results demonstrate that repeat treatment of 
wounds with IL-10, from a mammalian or viral source, 
decreases myofibroblast differentiation in the wound. Treat 
ment with VEGF-A did not influence ocSMA production 
while VEGF-E did reduce its production within the wound. 
The addition of VEGF to its respective IL-10 did not, how 
ever, reduce the ability of the viral or mammalian IL-10 
reduce myofibroblast differentiation. 
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Example 9 

0327 Treatment with Viral VEGF and Viral IL-10 
Enhances Wound Re-vacularization 
0328 Treatment of a combination of VEGF and IL-10 
enhances wound re-vascularization to a similar extent as 
VEGF treatment alone. 
0329. The effect of repeat treatments of viral or mamma 
lian VEGFs, or IL-10s, alone or in combination, on wound 
vascularization was investigated by MSB trichrome staining 
of sections from treated and untreated wounds after 9 days. 
Representative sections, shown in FIG. 9A, illustrate the 
increase in dermal blood vessels observed in the wounds 
treated with the VEGFs, alone or in combination with IL-10. 
0330. The extent of dermal vascularization was quantified 
by determining the areal fraction of blood vessels in the 
neo-dermis that intersected a grid overlaying the neo-dermis 
of each Section. Wounds treated with VEGF-E or VEGF-A 
(areal fractions of 0.111 and 0.098, respectively, FIG.9B) had 
a significant increase in vascularization over that of mock 
treated and untreated wounds (areal fractions of 0.067 and 
0.044, respectively, Ps0.05, FIG.9B). 
0331 Wounds treated with VIL-10 and mIL-10 (areal frac 
tions of 0.038 and 0.054, respectively, FIG. 9B), however, 
showed no significant change in vascularization when com 
pared with control wounds. Wounds treated with VEGF-E 
and VIL-10 or VEGF-A and mIL-10 (areal fractions of 0.091 
and 0.098, respectively, Ps0.05, FIG. 9B) also showed sig 
nificant increases in dermal vascularization compared with 
the mock-treated and untreated wounds, which were similar 
to that of the increases seen with the individual VEGF treat 
mentS. 

0332 These results demonstrate that repeat treatment of 
wounds with VEGF, from a mammalian or viral source, 
increases dermal vascularization. Treatment with either 
IL-10 did not regulate blood vessel formation. Importantly, 
the addition of IL-10 to its respective VEGF did not impair the 
ability of the viral or mammalian VEGF to enhance wound 
re-vascularization. 

Example 10 

0333 Treatment with Viral VEGF and Viral IL-10Acccel 
erates Wound Re-vacularization 

0334 Treatment of a combination of VEGF and IL-10 
accelerates wound re-vascularization to a greater extent than 
VEGF treatment alone. 

0335 The effect of repeat treatments of viral or mamma 
lian VEGFs, or IL-10s, alone or in combination, on wound 
vascularization after 9 days was investigated by immune 
fluorescent staining of sections for VWF and C.SMA to exam 
ine the maturation status of blood vessels within the granula 
tion tissue. Mature vessel walls are lined with v WF' 
endothelial cells that are surrounded by C.SMA'? pericytes, 
which provide structural Support and regulate vessel function. 
Impaired vessel maturation is associated with many human 
disorders including tumour formation and diabetic wounds 
(Jain et al., Nat Med, 9, 685-93, 2003). Representative sec 
tions, shown in FIG. 10A, illustrate the increase in dermal 
endothelial cells observed in wounds treated with VEGFs but 
shows that vessel maturation is increased in treatments con 
taining IL-10. 
0336. The number of endothelial cells was quantified 
within the granulation tissue area. Wounds treated with 
VEGF-E or VEGF-A (0.68 and 0.72 v WF cells/1000 um, 
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respectively, FIG. 10B) had a significant increase in endothe 
lial cells over that of mock-treated and untreated wounds 
(0.42 and 0.50 vWF" cells/1000 um, respectively, P-0.05, 
FIG.10B). Wounds treated with VIL-10 and mIL-10 (0.51 and 
0.58 v WF" cells/1000 um, respectively, FIG. 10B), how 
ever, showed no significant change in endothelial cell number 
when compared with control wounds. Wounds treated with 
VEGF-E and VIL-10 or VEGF-A and mIL-10 (0.70 and 0.75 
vWF cells/1000 um, respectively, FIG. 10B) also showed 
significant increases in endothelial cell number compared 
with the mock-treated and untreated wounds, which were 
similar to that of the increases seen with the individual VEGF 
treatmentS. 

0337 The proportion of endothelial cells associated with 
periocytes was also examined. Wounds treated with VEGF-E 
or VEGF-A (0.34 and 0.24 vWF/oSMA cells/1000 
um, respectively, FIG. 10B) had minor increases in endot 
helial cell association with periocytes compared with that of 
mock-treated and untreated wounds (0.28 and 0.25 v WF''/ 
C.SMA" cells/1000 um, respectively, FIG. 10B). Wounds 
treated with VIL-10 and mIL-10 (0.38 and 0.37 v WF''/ 
C.SMA" cells/1000 um, respectively, FIG. 10B) also 
showed greater increases in endothelial cell association with 
periocytes. The increased endothelial cell association with 
periocytes was also observed in wounds treated with VEGF-E 
and VIL-10 or VEGF-A and mIL-10 (0.37 and 0.34 v WF/ 
C.SMA" cells/1000 um, respectively, FIG. 10B). 
0338. The number of red blood cells was quantified within 
the granulation tissue area. Wounds treated with VIL-10 or 
VEGF-A (0.94 and 0.72 red blood cells/1000 um, respec 
tively, FIG. 10C) showed no significant difference in red 
blood cell number compared with of mock-treated and 
untreated wounds (1.05 and 1.31 red blood cells/1000 um, 
respectively, FIG. 10C). Wounds treated with VEGF-E and 
mIL-10 (0.46 and 0.45 red blood cells/1000 um, respec 
tively, FIG. 10C), showed a significant decrease in red blood 
cell number when compared with control wounds. Wounds 
treated with VEGF-E and VIL-10 or VEGF-A and mL-10 
(0.46 and 0.36 red blood cells/1000 um, respectively, FIG. 
10C) also showed significant decreases in red blood cell 
number compared with the mock-treated and untreated 
wounds. 
0339. These results further demonstrate that repeat treat 
ment of wounds with VEGF, from a mammalian or viral 
Source, increases endothelial cell numbers, while treatment 
with IL-10 increased endothelial cell association with perio 
cytes. The addition of IL-10 to its respective VEGF increased 
both the number of endothelial cells and their association 
with periocytes suggesting that treatment with the combina 
tion of VEGF and IL-10 is promoting blood vessel maturation 
thereby accelerating wound re-vascularization. The results 
also show that treatment of wounds with a VEGF and IL-10 
reduces red blood cell leakage into the granulation tissue 
Suggesting the combiantion treatments may limit wound 
edema. 

Example 11 

0340 Treatment with Viral VEGF and Viral IL-10 Alters 
the Timing of Key Regulators of Wound Re-vacularization 
0341 Treatment of wounded skin with VEGF and IL-10 
combinations alters the timing of key regulators of wound 
re-vascularization. In this Example, the effect of treatments 
with VEGFs and their IL-10 combinations on the effect of 
these treatments on key regulators of wound re-vasculariza 
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tion and maturation was examined. The effect of the treat 
ments on expression of growth factors and chemokines and 
serine proteases known to regulate blood vessel formation 
within the wound was examined in the treated and untreated 
wounds. 

0342 VEGF-A is expressed by the wounded epidermis 
and infiltrating macrophages. In wounded skin the expression 
of VEGF-A peaked at day 6 returning to the level of 
unwounded skin by day 16 (FIG.11-B). Treatment of wounds 
with VEGF-A or VEGF-E further increased its expression 
while mIL-10 and VIL-10 decreased its expression (FIG. 
11A). VEGF-A expression was substantially increased at day 
3 when wounds were treated with the combination of 
VEGF-A and mIL-10. In contrast VEGF-A expression levels 
in wounds treated with VEGF-E and VIL-10 were below that 
of mock-treated wounds at day 3 but then increased to above 
that of mock-treated wounds from day 6 (FIG. 11A-B). 
0343 PDGF-BB is regulates pericyte recruitment thereby 
promoting blood vessel maturation (Barrientos et al., Wound 
Repair Regen 16,585-601, 2008). In wounded skin PDGF-B B 
expression peaked at day 6 (FIG. 11C-D). Treatment of 
wounds with VEGF-A or VEGF-E further increased PDGF 
Bf3 expression while mIL-10 and VIL-10 had little to no effect 
on its expression (FIG. 11C). PDGF-BB expression did not 
increase at any time point tested when wounds were treated 
with the combination of VEGF-A and mL-10, but substan 
tially increased in wounds treated with VEGF-E and VIL-10, 
peaking at day 3 (FIG. 11C-D). 
0344 CXCL4, an anti-angiogenic chemokine, interfers 
with the action of growth factors through its interaction with 
heparin sulphate on vascular cells (Aidoudi and Bikfalvi, 
Thromb Haemost, 104, 941-8, 2010). In wounded skin 
CXCL4 expression increased at day 3 then stabilized (FIG. 
11E-F). Treatment of wounds with either VEGF or IL-10 
caused modest increases in CXCL4 expression (FIG. 11E). 
Treatment of wounds with VEGF-E and VIL-10substantially 
increased the expression of CXCL4 expression over that of 
mock-treated and VEGF-A and mL-10-treated wounds from 
days 3-9 (FIG. 11E-F). 
0345 Activated Protein C promotes blood vessel forma 
tion and maturation through the regulation of matrix metal 
loproteinases, angiopoetin and VEGF expression (Jackson et 
al., Wound Repair Regen, 13, 284-94, 2005; Minhas et al., 
FASEB J, 24, 873-81, 2010). In wounded skin Protein C 
expression increased at day 3 then gradually declined (FIG. 
11G-H). Treatment of wounds with either VEGF or IL-10 
resulted in little to no change in Protein C expression (FIG. 
11G). Treatment of wounds with VEGF-E and VIL-10 how 
ever substantially increased the expression of Protein C 
expression at all time points peaking at day 3 (FIG. 11G-H). 
VEGF-A and mIL-10 treatment also increased the expression 
of Protein C expression at all time points although expression 
peaked at day 16 (FIG. 11G-H). 
0346. These results show that the combination of viral 
VEGF-E and viral IL-10 regulates the expression of key 
regulators of blood vessel formation, such that the time line of 
pro- and anti-angiogenic factor expression is accelerated and 
that treatment with the viral combination enhances vascular 
regeneration and maturation in wounded skin to a greater 
extent than with the mammalian combination or individual 
treatmentS. 
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Example 12 
0347 Treatment with Viral VEGF and Viral IL-10Accel 
erates Dermal Wound Closure With Less Granulation Tissue 
Formation 
0348 Treatment with the combination of viral VEGF and 
viral IL-10 accelerates dermal wound closure but results in 
less granulation tissue formation than the mammalian treat 
ments, which is indicative of reduced scarring. 
0349. This Example was carried out to demonstrate 
whether the accelerated wound closure observed in wounds 
treated with the viral factors was due to accelerated dermal 
regeneration. The direct effect of a single treatment of viral or 
mammalian VEGFs, or IL-10s, alone or in combination, on 
the wound neo-dermis was investigated by MSB trichrome 
staining of sections from treated and untreated wounds after 
3, 6 and 9 days. Representative sections shown in FIG. 12A 
illustrate that wounds treated with the viral factors had greater 
dermal coverage than the control wounds, while wounds 
treated with the mammalian factors had increased granulation 
tissue deposition. 
0350 We quantitated dermal closure by determining the 
percentage of total wound bed covered by granulation tissue 
as illustrated in FIG. 12B. By day 3 the granulation tissue 
covered 32% of the woundbed in woundstreated with VEGF 
E, which was significantly greater than the percentage dermal 
closure seen in mock-treated and untreated wounds (14% and 
9%, respectively, Ps0.05, FIG. 12C). VEGF-E-treated 
wounds also showed a significantly greater level of dermal 
closure (16%, FIG. 12C) than that of VEGF-A-treated 
wounds by day 3. Treatment of wounds with VEGF-E con 
tinued to significantly increase dermal closure by day 6, with 
the granulation tissue covering 74% of the wound bed com 
pared with the mock-treated and untreated wounds (52% and 
43%, respectively, Ps0.05, FIG. 12C). At day 6, VEGF-E- 
treated wounds also showed significantly greater dermal clo 
sure than that of VEGF-A-treated wounds (65%, Ps0.05, 
FIG. 12C). By day 9, all wounds showed 100% dermal clo 
sure (FIG.2E). 
0351. By day 3 the granulation tissue covered 25% and 
23% of the wound bed in wounds treated with VIL-10 and 
mIL-10, respectively, both of which were significantly 
greater than the percentage dermal closure seen in mock 
treated and untreated wounds (Ps0.05, FIG. 12C). Treatment 
of wounds with VIL-10 continued to significantly increase 
dermal closure by day 6, with the granulation tissue covering 
70% of the wound bed compared with the mock-treated and 
untreated wounds (52% and 43%, respectively, Ps0.05, FIG. 
12C). At day 6, VIL-10-treated wounds showed equivalent 
levels of dermal closure to that of mTL-10-treated wounds 
(66%, Ps0.05, FIG. 12C). Treatment of wounds with both 
VIL-10 and mIL-10 also significantly increased dermal cov 
erage, compared with the control wounds, with the granula 
tion tissue covering 69% and 66% of the wound bed, respec 
tively (P<0.05, FIG. 12C). 
0352 Treatment of wounds with the combination of 
VEGF-E and VIL-10 significantly increased dermal coverage 
at day 3 (46%), compared with the VEGF-A and mIL-10 
combination-treated and mock-treated wounds (28% and 
14%, respectively (P<0.05, FIG. 12C). By day 6, treatment of 
wounds with the combination of VEGF and IL-10 showed 
similarly significantly increases in dermal coverage, com 
pared with the mock-treated wounds, with the granulation 
tissue covering 72% and 61% of the wound bed in wounds 
treated with VEGF-E and VIL-10 or VEGF-A and mIL-10, 
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respectively (P<0.05, FIG. 12C). Wounds treated with the 
viral combination showed significantly greater dermal cover 
age at day 6 than wounds treated with the mammalian com 
bination (P<0.05, FIG. 12C). Overall at day 3, the granulation 
tissue within the wounds treated with VEGF-E had an area of 
13368 um, which was significantly greater than the areas of 
the mock-treated and untreated wounds (7852 um and 5016 
um, respectively, Ps0.05, FIG. 12D). The area of granulation 
tissue seen in VEGF-E-treated wounds was not however sig 
nificantly greater than that of VEGF-A-treated wounds 
(13047 um, FIG. 12D). By day 6, the area of granulation 
tissue of VEGF-E-treated wounds had increased to 21067 
um, which was similar to the areas of the mock-treated and 
untreated wounds (20116 um and 18255um, respectively, 
FIG. 12D). At day 6, the area of granulation tissue in VEGF 
A-treated wounds was significantly greater (26663 um, Ps0. 
05, FIG. 12D) than that of VEGF-E-treated wounds. At day 9, 
the areas of granulation tissue in wounds treated with 
VEGF-A had continued to increase in size (57712 um, FIG. 
12D), as had the areas of mock-treated and untreated wounds 
(52100 um and 42372 um, respectively, FIG. 12D). In con 
trast, the area of the granulation tissue in VEGF-E-treated 
wounds at day 9 was now significantly less than the control 
and VEGF-A-treated wounds (33927 um, P-0.05, FIG. 
12D). 
0353 At day 3, the granulation tissue within the wounds 
treated with VIL-10 had an area of 15419 um, which was 
significantly greater than the areas of the mock-treated and 
untreated wounds (P<0.05, FIG. 12D). The area of granula 
tion tissue seen in VIL-10-treated wounds was also signifi 
cantly greater than that of mIL-10-treated wounds (12408 
um, FIG. 12D). By day 6, the area of granulation tissue of 
VIL-10-treated wounds had increased to 23986 um, which 
was similar to the areas of the mock-treated and untreated 
wounds (FIG. 12D), but was significantly less than the area in 
mIL-10-treated wounds (28012 um, Ps0.05, FIG. 12D). At 
day 9, the areas of granulation tissue in wounds treated with 
VIL-10 and mIL-10 had stopped increasing in size (30362 
um and 31482 ?um, respectively, FIG. 12D) and were sig 
nificantly less than the areas of mock-treated and untreated 
wounds (FIG. 12D). 
0354. In wounds treated with the combination of VEGF-E 
and VIL-10, the area of the granulation tissue at day 3 (27962 
um, Ps0.05, FIG. 12D) was significantly greater than in 
wounds treated with the individual viral factors or mock 
treated wounds. In contrast the wounds treated with the com 
bination of VEGF-A and mIL-10 the area of the granulation 
tissue at day 3 (12004 um, P-0.05, FIG. 12D) was signifi 
cantly greater than in mock-treated wounds but not in the 
wounds treated with the individual mammalian factors. The 
granulation tissue area in wounds treated with the viral com 
bination was also significantly greater than wounds treaetd 
with the mammalian combination (P<0.05, FIG. 12D). By 
day 6, the area of the granulation tissue in woundstreated with 
VEGF-E and VIL-10 had decreased in size (23121 um, FIG. 
12D) and was similar in area to the mock-treated wounds. The 
granulation tissue area of wounds treated with VEGF-A and 
VEGF-E had continued to increase in size (24898 um, FIG. 
12D) and was also similar to the mock-treated wounds. At day 
9, wounds treated with VEGF-E and VIL-10 had substantially 
less granulation tissue area than wounds treated with 
VEGF-A and mIL-10 (25070 um and 32078 um, respec 
tively, Ps0.05, FIG. 12D) but both combinations had signifi 
cantly less granulation tissue than the mock-treated wounds. 
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0355 These results demonstrate that treatment of wounds 
with mammalian VEGF-A or IL-10, alone or in combination, 
increases granulation tissue deposition and dermal closure. 
Treatment of wounds with viral VEGF-E and viral IL-10 
initially increased granulation tissue deposition to a greater 
extent than the mammalian combination or the individual 
treatments which then resulted in a substantially reduced 
granulation tissue area, which indicates that acceleration of 
dermal healing will ultimately limit Scar area. 

Example 13 

0356. Treatment with Viral VEGF and Viral IL-10Accel 
erates Granulation Tissue Remodeling 
0357 Treatment with the combination of viral VEGF and 
viral IL-10 accelerates granulation tissue remodeling from a 
fibrinto collagen matrix to a greater extent than the individual 
or mammalian treatments. 

0358. This Example was carried out to demonstrate 
whether the reduced granulation tissue deposition and 
enhanced dermal closure observed in wounds treated with the 
viral factors influenced dermal remodeling. Collagen content 
was quantitated using MSB trichrome staining of sections 
from wounds after 9 days. The staining data show that 
wounds treated with the viral VEGF-E or IL-10, had 
increased intensities of blue pixel staining within granulation 
tissue wounds (162 and 160, respectively, FIG. 13), which 
were significantly greater than the collagen staining in mock 
treated and untreated wounds (156 and 157, respectively, 
Ps0.05, FIG. 13). Treatment with the combination of 
VEGF-E and VIL-10 also significantly increased the collagen 
content of the granulation tissue, compared with the control 
wounds (72, Ps0.05, FIG. 13). Treatment of wounds with 
either VEGF-A or mIL-10, however, resulted in little differ 
ence in collagen content (64 and 66, respectively, FIG. 13), 
while the combined treatment had significantly less collagen 
staining than the control wounds (150, Ps0.05, FIG. 13). 
Wounds treated with each viral factor or combination showed 
a significant increase in collagen content over wounds treated 
with the equivalent mammalian factor or combination (Ps0. 
05, FIG. 13). The collagen content in wounds treated with the 
viral combination was also significantly greater than wounds 
treated with the viral IL-10 (P<0.05, FIG. 13) and was also 
Substantially greater than the wounds treated with just 
VEGF-E (P=0.068, FIG. 13). 
0359 These results demonstrate that treatment of wounds 
with viral VEGF-E and viral IL-10 in combination increased 
collagen deposition within the granulation tissue, to a greater 
extent than the other treatments, which supports the idea that 
the viral combination treatment will accelerate dermal 
remodelling. 

Example 14 

0360 Treatment with Viral VEGF and Viral IL-10 
Enhances Granulation Tissue Remodeling by Altering the 
Timing of Key Regulators of Dermal Maturation 
0361. This Example was carried out to evaluate the effect 
of treatments VEGFs and their IL-10 combinations on key 
regulators of granulation dermal closure and granulation tis 
Sue remodeling. The effect of the treatments on expression of 
factors known to regulate wound contraction and granulation 
tissue turnover was examined in the treated and untreated 
wounds. 
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0362 Dermal wound closure is enhanced by myo-fibro 
blasts that express C.SMA filaments, which grip the wound 
edges and contract themselves making wounds Smaller 
(Werner et al., J Invest Dermatol, 127, 998-1008, 2007). In 
wounded skin the expression of C.SMA peaked at day 6 and 
remained above the level of unwounded skin at all time points 
tested (FIG. 14A). The expression of C.SMA was substan 
tially reduced, at days 6 and 9, when wounds were treated 
with the combination of VEGF-A and mL-10 or VEGF-E 
and VIL-10, compared with mock-treated wounds (FIG. 
14A). 
0363 Production of TGF-31 by wound macrophages pro 
motes fibroblast differentiation into myo-fibroblasts aiding 
wound contraction and closure (Chalmers, Int Wound J. 8, 
218-23, 2011; Shih et al., Wound Repair Regen, 18, 139-53, 
2010). TGF-31 also stimulates type I collagen synthesis by 
fibroblasts and prevents its degradation. Increased TGF-31 
expression appears to correlate with increased fibrosis and 
scarring. In wounded skin the expression of TGF-31 
increased from day 3-9 and returned to the level of 
unwounded skin by day 16 (FIG. 14B). In wounds treated 
with the mammalian combination of VEGF-A and mL-10, 
TGF-B1 expression was initially increased above that of 
mock-treated wounds (FIG.14B). In contrast, wounds treated 
with the viral combination of VEGF-E and VIL-10, initially 
showed reduced expression of TGF-B1 compared with mock 
treated wounds (FIG. 14B). 
0364 Another TGF-B isoform, TGF-B3, has been associ 
ated with reduced Scarring and possibly acting as a receptor 
antagonist thereby reducing collagen deposition (Shih et al., 
Wound Repair Regen, 18, 139-53, 2010). In wounded skin the 
expression of TGF-33 peaked at day 6 and returned to the 
level of unwounded skin by day 16 (FIG. 14C). In wounds 
treated with the mammalian combination of VEGF-A and 
mIL-10, TGF-B3 expression was initially less than that of 
mock-treated wounds but was substantially higher by day 9 
(FIG. 14C). In contrast, wounds treated with the viral com 
bination of VEGF-E and VIL-10, showed increased expres 
sion of TGF-B3 compared with mock-treated wounds at all of 
the time points tested (FIG. 14C). 
0365. Apoptosis is an important aspect to wound healing 
the means by which each cell population, such as macroph 
ages and fibroblasts, once their tasks are complete are 
removed from the wound site (Shih et al., Wound Repair 
Regen, 18, 139-53, 2010). Reduced apoptosis leading to an 
imbalance in matrix turnover is thought to contribute to scar 
formation. The p53 tumour Suppressor gene is a key inducer 
of apoptosis during tissue repair. In wounded skin the expres 
sion of p53 was decreased at day 3, returned to the level of 
unwounded skin at day 6, then was decreasing again by day 9 
(FIG. 14D). In wounds treated with the mammalian combi 
nation of VEGF-A and mIL-10, p53 expression initially 
decreased like that of mock-treated wounds but then 
increased at days 6 and 9 (FIG. 14D). Wounds treated with the 
viral combination of VEGF-E and VIL-10, also initially 
decreased but then showed a more Substantial increase in 
expression of p53 compared with mock-treated wounds at the 
later time points (FIG. 14D). 
0366 As the wound matures, the matrix of the granulation 
tissue is turned over from fibrin to the immature type III 
collagen, which becomes converted to the mature type I col 
lagen that strengthens the scar (Olivveira et al., Int Wound.J. 
6, 445-52, 2009). In wounded skin, the expression of type III 
and type I collagen both peaked at day 6 then returned to the 
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level of unwounded skin by day 16 (FIG. 14E, F). Treated of 
wounds with either combination of VEGF and IL-10, 
increased the expression of both type III and I collagen to 
levels above that of the mock-treated wounds at days 6 (FIG. 
14E, F). In wounds treated with the viral combination of 
VEGF-E and VIL-10, the increased expression of the mature 
type I collagen was maintained till day 9, while in wounds 
treated with the mammalian combination of VEGF-A and 
mIL-10 the increased expression of the immature type III 
collagen was maintained till day 9 (FIG. 14E, F). 
0367 These results show that treatment of wounds with 
the viral combination of VEGF-E and VIL-10 is influencing 
matrix turnover, with increased collagen and TGF-33 expres 
sion. Treatment of the wounds with the viral VEGF-E/vIL-10 
combination also appeared to enhance cellular apoptosis Sug 
gesting accelerated wound maturation. The mammalian com 
bination also increased collagen, TGF-B3 and p53 expression 
within the wound but not the the extent shown with the viral 
combination. Viral combination-treated wounds appear to 
have accelerated wound closure but this is not consistent with 
the reduced expression of C.SMA and TGF-B1, key molecules 
involved in myo-fibroblast activation and wound contraction, 
that peak during the early phase of healing. It is however 
possible that CSMA expression in combination-treated 
wounds may peak at an earlier time point than was examined 
in this study, in which would be consistent with accelerated 
wound contraction. 

Example 15 

0368 Treatment with Viral VEGF and Viral IL-10 
Enhances Scar Resolution 

0369 Treatment with the combination of viral VEGF-E 
and viral IL-10 enhances scar resolution to a greater extent 
than the individual or mammalian treatments. 

0370. In this Example, the scars from wounds treated with 
the viral or mammalian VEGFs, or IL-10s, alone or in com 
bination and were compared to those of untreated or mock 
treated wounds. 

0371 Photographs taken of the healed wounds revealed 
differences in Scar resolution between the treatment groups 
that were quantified by visual scoring of scar severity and by 
measurement of internal scar area (FIG. 15A). Treatment of 
wounds with VEGF-E, alone or in combination with VIL-10 
resulted in a significant reduction in external scar score at day 
13 compared to mock-treated wounds (FIG. 15B). Treatment 
of wounds with VIL-10, alone or in combination with 
VEGF-E resulted in a significant reduction in internal scar 
area at day 16 compared to mock-treated wounds (FIG.15C). 
Treatment with the mammalian VEGF-A or IL-10, alone or in 
combination had little to no positive effect on scar score or 
S17C. 

0372 All patents, publications, scientific articles, web 
sites, and other documents and materials referenced or men 
tioned herein are indicative of the levels of skill of those 
skilled in the art to which the invention pertains, and each 
Such referenced document and material is hereby incorpo 
rated by reference to the same extent as if it had been incor 
porated by reference in its entirety individually or set forth 
herein in its entirety. Applicants reserve the right to physically 
incorporate into this specification any and all materials and 
information from any such patents, publications, Scientific 
articles, web sites, electronically available information, and 
other referenced materials or documents. 

36 
Sep. 15, 2016 

0373 The specific methods and compositions described 
herein are representative of embodiments and are exemplary 
and not intended as limitations on the scope of the invention. 
Other objects, aspects, and embodiments will occur to those 
skilled in the art upon consideration of this specification, and 
are encompassed within the spirit of the invention as defined 
by the scope of the claims. It will be readily apparent to one 
skilled in the art that varying Substitutions and modifications 
may be made to the invention disclosed herein without 
departing from the scope and spirit of the invention. The 
invention illustratively described herein suitably may be prac 
ticed in the absence of any element or elements, or limitation 
or limitations, which is not specifically disclosed herein as 
essential. Thus, for example, in each instance herein, in 
embodiments or examples of the present invention, any of the 
terms "comprising”, “consisting essentially of, and "consist 
ing of may be replaced with either of the other two terms in 
the specification. Also, the terms "comprising”, “including. 
containing, etc. are to be read expansively and without limi 
tation. The methods and processes illustratively described 
herein Suitably may be practiced in differing orders of steps, 
and that they are not necessarily restricted to the orders of 
steps indicated herein or in the claims. It is also that as used 
herein and in the appended claims, the singular forms 'a. 
“an and “the include plural reference unless the context 
clearly dictates otherwise. Under no circumstances may the 
patent be interpreted to be limited to the specific examples or 
embodiments or methods specifically disclosed herein. 
Under no circumstances may the patent be interpreted to be 
limited by any statement made by any examiner or other 
official or employee of government patent office unless Such 
statement is specifically and without qualification or reserva 
tion expressly adopted in a responsive writing by or on behalf 
of the inventor(s). 
0374. The terms and expressions that have been employed 
are used as terms of description and not of limitation, and 
there is no intent in the use of Such terms and expressions to 
exclude any equivalent of the features shown and described or 
portions thereof, but it is recognized that various modifica 
tions are possible within the scope of the invention as 
claimed. Thus, it will be understood that although the present 
invention has been specifically disclosed by preferred 
embodiments and optional features, modification and varia 
tion of the concepts herein disclosed may be resorted to by 
those skilled in the art, and that Such modifications and varia 
tions are considered to be within the scope of this invention as 
defined by the appended claims. 
0375. The invention has been described broadly and 
generically herein. Each of the narrower species and Subge 
neric groupings falling within the generic disclosure also 
form part of the invention. This includes the generic descrip 
tion of the invention with a proviso or negative limitation 
removing any Subject matter from the genus, regardless of 
whether or not the excised material is specifically recited 
herein. 
0376. Other embodiments are within the following claims. 
In addition, where features or aspects of the invention are 
described in terms of Markush groups, those skilled in the art 
will recognize that the invention is also thereby described in 
terms of any individual member or subgroup of members of 
the Markush group. 
We claim: 

1. A method selected from the group consisting of (a) a 
method of treating a Subject having a wound not healing at an 
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expected rate, which comprises administration of an effective 
amount of a viral VEGF and a viral anti-inflammatory cytok 
ine to the wound, (b) method of treatment comprising admin 
istering to a Subject in need thereof a composition comprising 
therapeutically effective amounts of a viral VEGF and a viral 
anti-inflammatory cytokine to the wound, wherein optionally 
said viral VEGF and a viral anti-inflammatory cytokine are 
administered in combination or administered separately, 
optionally at about the same time or sequentially (c) a method 
comprising administration of an effective amount of each of 
(i) VEGF, optionally a viral VEGF, optionally a parapoxvirus 
VEGF-E, optionally orf virus VEGF-E, and (ii) an anti-in 
flammatory cytokine, optionally a viral anti-inflammatory 
cytokine, optionally a viral anti-inflammatory interleukin, 
optionally viral IL-10, to a subject in need of treatment there 
with, and (d). 

2. A method according to claim 1, wherein said viral VEGF 
is VEGF-E, wherein the VEGF-E optionally is a parapoxvirus 
virus VEGF-E. 

3. A method according to claim 1, wherein said viral anti 
inflammatory cytokine is a viral anti-inflammatory interleu 
kin, optionally viral IL-10, optionally parapoxvirus IL-10, 
optionally orf virus IL-10. 

4. A method according to claim 1, wherein the Subject 
Suffers from a wound selected from the group consisting of an 
acute wound, a delayed-healing wound, an incompletely 
healing wound, a chronic wound (optionally a diabetic ulcer, 
a venous ulcer, a pressure ulcer, a vasculitic ulcer, or an 
arterial ulcer), and a dehiscent wound, and wherein the com 
position optionally is applied prior to repair or closure of a 
wound. 

5. A composition comprising a viral VEGF and a viral 
anti-inflammatory cytokine effective to promote wound heal 
ing and a pharmaceutally acceptable carrier, wherein compo 
sition optionally is formulated for administration via a route 
selected from the group consisting of topical administration 
and injection. 

6. A composition according to claim 5 which is in the form 
of a cream, ointment, gel, emulsion, lotion, foam, or paint, 
wherein when the composition is a gel, the gel optionally 
comprises a nonionic polyoxyethylene-polyoxypropylene 
copolymer gel. 

7. A composition according to claim 5, wherein said viral 
VEGF is VEGF-E, wherein the VEGF-E optionally is a 
parapoxvirus virus VEGF-E. 

8. A composition according to claim 5, wherein said viral 
anti-inflammatory cytokine is a viral anti-inflammatory inter 
leukin, optionally viral IL-10, optionally parapoxvirus IL-10, 
optionally orf virus IL-10. 

37 
Sep. 15, 2016 

9. A method of manufacture of a medicament comprising 
bringing together in a single or separate vessels amounts of a 
viral VEGF and a viral anti-inflammatory cytokine effective 
to promote wound healing and a pharmaceutically acceptable 
carrier. 

10. A method according to claim 9, wherein said viral 
VEGF is VEGF-E, wherein the VEGF-E optionally is a 
parapoxvirus virus VEGF-E. 

11. A method according to claim 9, wherein said viral 
anti-inflammatory cytokine is a viral anti-inflammatory inter 
leukin, optionally viral IL-10, optionally parapoxvirus IL-10, 
optionally orf virus IL-10. 

12. An article of manufacture comprising package material 
containing therapeutically effective amounts of a viral VEGF 
and a viral anti-inflammatory cytokine together with instruc 
tions for use in the treatment of a wound in or on a Subject. 

13. An article of manufacture according to claim 12, 
wherein the viral VEGF and the viral anti-inflammatory 
cytokine are contained in a single vessel. 

14. An article of manufacture according to claim 12, 
wherein the viral VEGF and the viral anti-inflammatory 
cytokine are contained in separate vessels. 

15. An article of manufacture according to claim 12, 
wherein said viral VEGF is VEGF-E, wherein the VEGF-E 
optionally is a parapoxvirus virus VEGF-E. 

16. An article of manufacture according to claim 12, 
wherein said viral anti-inflammatory cytokine is a viral anti 
inflammatory interleukin, optionally viral IL-10, optionally 
parapoxvirus IL-10, optionally orf virus IL-10. 

17. An article of manufacture according to claim 12, 
wherein the subject suffers from a wound selected from the 
group consisting of an acute wound, a delayed-healing 
wound, an incompletely healing wound, a chronic wound 
(optionally a diabetic ulcer, a venous ulcer, a pressure ulcer, a 
vasculitic ulcer, or an arterial ulcer), and a dehiscent wound, 
and wherein the composition optionally is applied prior to 
repair or closure of a wound. 

18. An article of manufacture according to claim 12, 
wherein the viral VEGF and the viral anti-inflammatory 
cytokine are (a) formulated for administration by injection or 
(b) formulated for topical administration. 

19. An article comprising package material containing 
therapeutically effective amounts of each of (i) VEGF, 
optionally a viral VEGF, optionally a parapoxvirus VEGF-E, 
optionally orf virus VEGF-E, and (ii) an anti-inflammatory 
cytokine, optionally a viral anti-inflammatory cytokine, 
optionally a viral anti-inflammatory interleukin, optionally 
viral IL-10, together with instructions for use in the treatment 
of a wound in or on a subject. 

k k k k k 


