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Key points: 
 Regenerative medical strategies hold promise to improve cutaneous wound care. 
 The integration of technological advances with our improved understanding of the 

complex pathophysiologic mechanisms occurring during wound healing has facilitated 
recent developments in advanced wound healing modalities. 

 
 The response of tissue to injury is a complex, orchestrated event involving a variety of 
cells, growth factors and cytokines, extracellular matrix (ECM) proteins and their modifiers.  
While cutaneous healing in the midgestational fetus results in perfect restoration of skin 
architecture (regeneration), post-natal healing occurs in a reparative fashion in which scar tissue 
replaces the normal cutaneous architecture. Cutaneous wound healing in the post natal organism 
is a balance between rapid wound closure to reestablish the protective barrier of the skin, and 
overexuberant wound healing resulting in excessive scar formation.  Complications of either 
inadequate healing or pathologic dermal scarring represent significant clinical burdens that result 
in considerable morbidity and health care expenditure in human medicine.  In recent years, 
regenerative medical strategies have been applied as novel therapies for these challenging 
wounds.  Thankfully, appropriately treated wounds in small animal veterinary patients tend to 
heal with significantly fewer complications by comparison.  However, many of the new 
innovative therapies developed to address pathologic wound healing in humans may be adapted 
for challenging wounds in veterinary patients to improve efficiency and quality of repair and 
therefore improve patient outcomes. 
 Regenerative medicine is an emerging interdisciplinary field involving biology, 
engineering and medicine that focuses on the repair, replacement or regeneration of cells, tissues 
and organs to restore or establish normal function lost due to trauma, congenital defects, disease 
or aging.  Although clinical veterinary regenerative medicine applications have primarily focused 
on musculoskeletal diseases, they certainly show tremendous promise for non-orthopedic 
conditions, including the treatment of cutaneous wounds.  Regenerative medicine applies 
technological advances in several fields of biologic therapeutics including stem cell and other 
cell-based therapies, the use of soluble molecules, tissue and biomaterials engineering, gene 
therapy and the reprogramming of cell and tissue types.   
 
Growth factor delivery.  In the last two decades, significant work has focused on the role of 
individual growth factors and signaling cascades in normal wound repair as well as in pathologic 
wound responses.   To address the relative deficiency in certain growth factors that exist within 
the chronic wound, many groups have attempted therapy using direct application of polypeptide 
growth factors.  Unfortunately, the results from these preclinical animal models and human 
clinical trials have been generally disappointing, often requiring large doses and repeat 
administration of growth factors to favorably influence wound healing.  Despite the inefficiency 
of exogenous growth factor application, these studies provide “proof in principal” that delivery 
of growth factors can have a positive influence on the healing of chronic wounds.   

Gene transfer.  To overcome the need for repeated application of polypeptide growth factors, 
another approach to delivery of individual proteins is through their delivery via gene transfer.  
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This approach is facilitated in cutaneous wounds through the ease of fibroblast and keratinocyte 
harvest and cultivation, at which time genes can be introduced prior to cell delivery back into 
wounds.  In addition, this approach can also utilize isolated stem cells as delivery vehicles.  Two 
basic strategies may be employed for the introduction and expression of targeted genes into host 
cells.  These include gene therapy, which permanently integrates the gene of interest, and gene 
medicine, in which transient transformation will allow short-term expression of a gene product.  
In vivo techniques may also directly introduce genes into the lesion site, including the use of 
slow-release gene-delivering biomaterials.  As delivery of a single growth factor is unlikely to 
completely overcome the complex pathology of chronic wounds or facilitate efficient healing in 
large traumatic wounds, recent progress in the field has focused on gene transfer of multiple 
genes (particularly sequential growth factor therapy) to improve the wound healing process.  
Advances in biotechnological refinement, as well as the understanding of pathophysiologic 
processes occurring in problematic wounds, will greatly facilitate precision in timing, minimize 
off-target effects, and improve efficiency of gene expression to accelerate healing while 
minimizing scar formation.  
 
Cell-based therapies.  The use of adult stem cell therapies in small animal patients, particularly 
for orthopedic conditions, has become increasingly common.  Initial proof of principle studies 
investigating the use of exogenously applied adult stem cells for the treatment of chronic wounds 
has provided support for their vulnerary effects.  Mesenchymal stem cells (MSC) have been 
shown to improve wound healing through their ability to directly contribute cells and 
extracellular matrix components to the repair process, as well as their ability to direct other cells 
participating in the repair process through their production of paracrine mediators.  These cells 
have been shown to enhance wound closure through their effects on granulation tissue formation 
and reepithelialization.  Recently, topically applied canine allogenic bone marrow-derived MSCs 
were shown to improve wound closure in experimental wounds.  In addition to bone marrow and 
adipose derived MSCs, stromal vascular fraction, endothelial and epithelial progenitor/stem 
cells, and terminally differentiated skin cells have also shown positive influence on healing of 
cutaneous wounds in preclinical models.  Although initial attempts showed improvement in 
healing with injection of cells alone, it is clear that delivery strategies that recapitulate complex 
stem cell niches will be required to maximize their clinical potential.  The use of platelet rich 
plasma has also received significant attention for its positive influence on wound healing.  
Multiple growth factors released from platelet granules have been shown to accelerate cell 
migration and proliferation, promote ECM production, as well as influence macrophage 
phenotype and the resolution of inflammation.  Currently, there is no concensus as to how PRP 
should be most effectively delivered to wounds.  
  
Biomaterials.    The use of acellular and cell-based tissue-engineered dermal substitutes has 
become increasingly routine for problematic human wounds.  Dermal matrices and other 
biomimetic scaffolds have been used alone or in conjunction with cells to enhance wound 
healing through their presumptive ability to recreate aspects of a regenerative niche.  A range of 
materials, designs and cell sources have been investigated with most commercially available 
products incorporating polymer matrices, derived from both natural and synthetic sources.  
Despite their ability to improve efficiency and quality of cutaneous wound healing, existing 
products have yet to be able to promote repair to that which approximates uninjured skin.  
Recent advances in biomaterial science have facilitated the creation of 3D microenvironments 
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through techniques such as bio-printing and electrospinning that actively control cell behavior.    
Furthermore, the development of successful biomimetic and bioresponsive substrates will 
incorporate knowledge of not only how cells interact with these substrates but also how these 
cells will then remodel and deposit their own ECM in response.  

Biomechanical therapies.   The importance the role of biomechanical influence on cell fate and 
activities is being increasingly realized.  The cellular effects of geometry-force control of cell 
fate has important clinical implications.  One clear example of how this knowledge can be 
applied to improve regenerative potential of healing tissues in veterinary patients is the use of 
negative pressure wound therapy (NPWT).  The noted effects of NPWT on wound repair in 
many studies include increased granulation tissue formation, wound perfusion and 
reepithelialization through its effect on enhanced migration and proliferation as well as the 
removal of exudate and infectious material.  In addition to its use in open wound and incisional 
wound management, NPWT may also be used to positively influence graft survival.  Positive 
clinical effects of mechanical force based systems suggest that future regenerative medical 
strategies should exploit physical forces to “biophysically” enhance cutaneous repair.  
Furthermore, dressings used in conjunction with NPWT which optimize cell-matrix interactions 
and provide the most stimulating orientation and density of nanotopography will likely further 
optimize wound healing benefits. 
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