THE DIABETIC FOOT

Peptides in Wound Care

They represent a promising frontier in regenerative medicine.

This article is written exclusively
for PM and appears courtesy of the
American Academy of Podiatric Prac-
tice Management. The AAPPM has a
fifty-plus year history of providing its
member DPMs with practice manage-
ment education and resources. Visit
www.aappm.org for more information.

Introduction

Chronic wounds pose a significant
clinical challenge worldwide, affecting
millions of patients and imposing a sub-
stantial economic burden on healthcare
systems. Conditions such as diabetic
foot ulcers, pressure sores, venous leg
ulcers, and burns often resist conven-
tional treatments, leading to prolonged
healing times, infections, and even am-
putations. As the demand for innovative
and effective therapies grows, the role of
biologically active molecules, particular-
ly peptides, in wound management has
garnered increasing attention.

Peptides, short chains of amino
acids, are naturally occurring biological
messengers involved in numerous phys-
iological processes, including immune
responses, tissue regeneration, and cell
signaling. Their inherent bioactivity,
biocompatibility, and ease of synthesis
make them attractive candidates for
wound healing applications. This article
explores the potential of peptides in
wound care, examining their mecha-
nisms of action, current research, clini-
cal applications, and future prospects.

The Biological Basis of Wound
Healing

Wound healing is a complex, multi-
phase process involving hemostasis, in-
flammation, proliferation, and remod-
eling. Successful healing depends on a
finely tuned interplay among various
cell types, signaling molecules, and ex-
tracellular matrix components. Disrup-
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tions in any of these stages can lead to
chronic wounds.

Key factors influencing wound
healing include:

Cell proliferation and migration:
keratinocytes, fibroblasts, and endo-
thelial cells must proliferate and mi-
grate to restore tissue integrity.

Angiogenesis: formation of new
blood vessels supplies oxygen and
nutrients.

Collagen synthesis: essential for
scar strength.

Regulation of inflammation: pre-
venting excessive inflammation that
can impede healing.

tion, thus preventing chronic inflam-
mation and promoting transition to
the proliferative phase.

3) Promotion of Cell Proliferation
and Migration

Certain peptides act as growth fac-
tors or mimetics, stimulating keratino-
cyte and fibroblast proliferation and
migration. These are key steps in re-ep-
ithelialization and tissue regeneration.

4) Angiogenesis Stimulation

Peptides can promote angiogen-
esis by activating endothelial cells,
enhancing blood flow to the wound
site, which accelerates healing.

Peptides are susceptible to enzymatic degradation

in the wound environment.

Given this complexity, therapeu-
tic strategies often aim to modulate
these processes to promote efficient
tissue repair.

Peptides: Mechanisms of Action in
Wound Healing

Peptides can influence wound
healing through multiple mechanisms:

1) Antimicrobial Activity

Many peptides, known as anti-
microbial peptides (AMPs), possess
broad-spectrum activity against bac-
teria, fungi, and viruses. They can
disrupt microbial membranes, reduc-
ing infection risk, a critical factor in
wound management.

2) Modulation of Inflammation
Peptides can regulate inflamma-

tory responses by attracting immune

cells or modulating cytokine produc-

5) Extracellular Matrix (ECM)
Remodeling

Some peptides influence colla-
gen synthesis and ECM deposition,
strengthening the newly formed tissue.

Types of Peptides Used in Wound
Healing

Several classes of peptides are
under investigation or clinical use for
wound care:

1) Antimicrobial Peptides (AMPs)

Examples include, LL-37, defen-
sins, and magainins. These peptides
serve dual roles; they are antimicro-
bial and immunomodulatory, mak-
ing them attractive for preventing or
treating infections in wounds.

2) Growth Factor Mimetic Peptides
Peptides mimicking growth factors
Continued on page 80
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Peptides (from page 79)

like epidermal growth factor (EGF),
vascular endothelial growth factor
(VEGF), and platelet-derived growth
factor (PDGF) stimulate cellular activi-
ties essential for healing.

3) Signal Peptides and Cell-
Penetrating Peptides

These facilitate cellular uptake of
therapeutic molecules or modulate
intracellular signaling pathways to
enhance regenerative responses.

4) Synthetic Peptides and
Peptidomimetics

Engineered peptides designed
for increased stability, bioavailabili-
ty, and targeted activity, overcoming
some limitations of natural peptides.

Current Research and Clinical
Applications

Pre-clinical Studies

Numerous in vitro and animal
studies have demonstrated the poten-
tial of peptides in wound healing:

LL-37: This human cathelicidin
antimicrobial peptide enhances kera-
tinocyte migration, promotes angio-
genesis, and exhibits antimicrobial
activity. In diabetic wound models,
LL-37 accelerated closure and re-
duced infection.

KSL-W: A synthetic peptide with
antimicrobial properties shown to re-
duce bacterial colonization in wound
models.

QHCO03: A peptide mimicking
EGF, stimulating keratinocyte prolif-
eration in vitro and improving wound
closure in animal studies.

Clinical Trials and Commercial
Products

Several peptide-based products
are in various stages of clinical devel-
opment or approved for wound care:

Regranex (PDGF-BB): A recombi-
nant human platelet-derived growth
factor, approved for diabetic foot ul-
cers, promotes fibroblast proliferation
and collagen synthesis.

Tessera: A topical gel containing
antimicrobial peptides aimed at in-
fected wounds.

Kerecis: Uses fish skin rich in
omega-3 fatty acids and peptides to

promote wound healing, especially in
burns.

Synapep: Body Protective Com-
pound 157 (BPC-157) is a well-stud-
ied peptide noted for promoting an-
giogenesis, tissue repair, and inflam-
mation modulation, which can accel-
erate wound healing across soft tis-
sues, nerves, and tendons. Its proposed
mechanisms include promoting blood
vessel formation, collagen synthesis,
and cellular migration, helping to re-
store integrity after injury. The eject-
able (topical/injectable) formulation
allows direct, localized delivery to
wounds or sites of injury, potentially
enhancing efficacy while minimizing
systemic exposure. Recent develop-
ments suggest an oral form, which may
improve convenience and adherence,
through bioavailability and dosing.

Advantages of Peptides in Wound
Therapy

e High specificity and potency at
low doses.

¢ Biocompatibility and low toxicity.

e Ability to combine antimicrobi-
al and regenerative functions.

e Ease of synthesis and modifica-
tion for enhanced stability.

Challenges and Limitations

Despite promising results, several
hurdles hinder widespread clinical
adoption:

1) Stability and Degradation

Peptides are susceptible to enzymat-
ic degradation in the wound environ-
ment. Strategies such as peptide modi-
fication, encapsulation in nanoparticles,
or use of peptidomimetics are being
explored to improve stability.

2) Delivery Methods

Effective delivery systems are
necessary to ensure peptides reach
and retain activity at the wound site.
Topical formulations, hydrogels, and
impregnated dressings are under in-
vestigation.

3) Cost and Manufacturing

Large-scale synthesis and purifi-
cation of peptides can be expensive,
limiting accessibility.

4) Regulatory Pathways
Standardized clinical trials are
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needed to establish safety, efficacy,
and optimal dosing.

Future Directions

The future of peptide-based
wound care lies in:

Multifunctional Peptides: Combin-
ing antimicrobial, angiogenic, and regen-
erative properties into a single molecule.

Nanotechnology: Utilizing nanopar-
ticles, liposomes, and scaffolds for tar-
geted and sustained delivery.

Personalized Medicine: Tailoring
peptide therapies based on individual
wound microbiota and healing profiles.

Gene-Encoded Peptides: Using
gene therapy to produce therapeutic
peptides directly at the wound site.

Advances in peptide engineering,
delivery systems, and understanding
of wound biology will likely expand
their clinical utility.

Conclusion

Peptides hold considerable prom-
ise as innovative agents in wound
management, offering multifunctional
capabilities that address many challeng-
es associated with chronic and acute
wounds. While still in the developmen-
tal and early clinical stages, ongoing re-
search continues to uncover new pep-
tides and delivery strategies, bringing us
closer to more effective, targeted, and
patient-friendly wound therapies. Over-
coming current limitations will require
multidisciplinary efforts encompassing
bioengineering, pharmacology, and clin-
ical medicine. As these hurdles are ad-
dressed, peptides are poised to become a
cornerstone in regenerative wound care.

Note: There will be future certifica-
tion courses in regenerative medicine
sponsored by the American college
of podiatric physicians and surgeons.
Visit Americancollegepps.com. PM
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