BASIC SCIENCE:

The Role of Proteases in Wound Healing

Timothy M. Graham, DPM

Protein lysis plays several essential roles
in the natural healing process of a wound.!
Two major families of proteases including
more than 20 enzymes are involved in the
wound healing process. Initially low levels of
proteolytic enzymes are involved in ridding
the wound environment of bacteria (note that
the level of proteolytic activity is important
since if the enzyme is not active it is dormant
or not capable of functioning); overlapping
hemodynamic processes including the
formation and degradation of the fibrin clot,
stimulation of cellular migration including
inflammatory cells, keratinocytes, and
fibroblasts, and mitigation of selected growth
factor activity (PDGF and TGF-01) represent the
mainstays of the acute wound healing model.??
A wound entering a period of chronicity,
ranging by definition from 2 to 4 weeks,
becomes “stuck” in the inflammatory phase
of healing.>* Prolonged inflammation fosters
a noxious wound environment®, primarily
caused by elevated protease activity (i.e.
matrix metalloproteases [MMPs] and serine
elastase), making wound healing challenging.
In a prospective study by Serena involving
162 patients, a chronic wound with elevated
protease activity had a 90% probability of not
healing without protease-altering intervention.®
Laboratory testing for protease
activityinclude gelatin zymography,
substrate based assays and enzyme-linked
immunosorbent assays (ELISA), among others.’
In vitro research utilizing chronic wound fluid
has consistently revealed elevated protease
activity and quantity, most notably MMPs 2,
8, 9, and neutrophil-derived elastase (serine
elastase).®' The predominant cell in the
inflammatory phase of wound healing remains
the neutrophil; this cell type is responsible
for the production of serine elastase, which
explains why this enzyme is prevalent in the
chronic wound. Conversely, acute wounds were
noted to have low protease activityfostering a
normal, well-orchestrated healing cascade and
thus a greater healing potential.
Many studies have documented elevated
levels of MMPs in chronic nonhealing wounds,
with decreased levels of tissue inhibitor

of metalloproteases (TIMPs)." TIMPs are
responsible for down-regulating the over
activity of MMPs. With fewer TIMPs present
to deactivate these enzymes, the MMPs are in
abundance and allowed to create and maintain
an inflamed chronic wound environment.
Wysocki et al'* determined that MMP-2
and MMP-9 are elevated in chronic wound
fluid by factors of five to 10 times, compared
to acute wounds. In this study, acute
postoperative mastectomy wounds were
compared with chronic leg ulcerations. Wound
fluid samples showed elevated active enzymes
and proenzymes. Researchers concluded that
elevated metalloproteinase activity levels could
lead to a high tissue turnover rate, which could
lead to failure of wound closure (Figure 1).
Nwomeh et al® evaluated structural protein
collagen and its degradation in the wound
healing process, as collagenase represents
the rate-limiting step in the breakdown of
the extracellular matrix (ECM). This research
compared tissue and fluid samples in acute
and chronic ulcers. In chronic ulcerations,
MMP-8 was consistently the predominant
collagen-degrading proteolytic enzyme. Healing
nonchronic wound samples showed MMP-8
almost exclusively in its inactive form. Chronic
nonhealing wound samples showed significant
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levels of active MMP-8, which represents high
tissue turnover rate and destruction of the
collagen-based ECM.

Grinnel et al™ studied burn wounds and
identified neutrophil elastase (serine elastase)
to be the proteolytic enzyme responsible
for fibronectin degradation. Fibronectin is
an essential glycoprotein in the ECM and
an early component in the formation of
granulation tissue.'®” Therefore, it is implied
that wounds with elevated neutrophil elastase
have decreased granulation tissue formation.
Therefore, it is hypothesized that wounds with
increased levels of neutrophil elastase have
a decreased potential for healing. Additional
studies show that there is a trend of increased
neutrophil elastase activity in chronic wounds
compared to acute wounds.”®

Left unchecked, increased proteolytic
enzyme activity may completely degrade the
ECM. This structure may be more than the
collagen latticework it was once thought to be.
Bornstein et al™ first coined the term “dynamic
reciprocity” (DR) which describes a bidirectional
interaction between the ECM and the cells
that surround it. This theory essentially claims
that the ECM is not just a framework to build
upon, but a communication center within the
healing wound. Schultz et al* expanded upon
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Figure 1. The Cullen Circle describes how the hostile wound environment continues until an intervention such as

collagen/ORC “breaks the cycle" - Ref: Snyder R. Point of care diagnostic tests
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the original DR research and proposed that
within the DR model the ECM is responsible for
sending signals that affect surrounding cellular
migration, differentiation, and proliferation.
Therefore, destruction of the ECM could
decrease the ability of the ECM to communicate
with the cells that surround it, thus creating
delays in wound healing.

Wound care therapies which maintain
an optimal moist wound environment can
aid in lowering protease levels, while also
being potentially efficient and cost effective;
these include debridement*#2 among others.
Oxidized regenerated cellulose (ORC)/ collagen
matrix works by binding to MMPs and growth
factors. ORC/collagen works by sequestering
growth factors while binding to proteases
and cleaving these enzymes, rendering them
inactive. It is hypothesized that as the ORC/
collagen matrix degrades, active growth factors
are released back into the wound. ORC/collagen
also helps create a physiologically moist wound
environment conducive to granulation tissue
formation and re-epithelialization. In a 12-week
prospective study of 27 patients, Smeets et al*
concluded that the use of ORC/collagen
showed a significant and immediate reduction
in protease activity in wound fluid samples
taken from venous stasis ulcers compared
to a control group receiving treatment with
hydrocolloid dressings. Other studies show that
the use of ORC/collagen with and without a
silver component assists in healing patients in
shorter time frames and is more cost effective
when compared to the use of saline wet-to-dry
dressings.?%

A natural and healthy amount of protease
activity should exist in any wound; the negative
effects of elevated protease activity begin when
protease volume and activity overcomes the
natural acute needs of healing. Irrespective
of the treatment of choice, it is clear that
restoring a chronic wound's biochemical
environment to resemble that of an acute
wound is advantageous in wound healing. By
decreasing excessive MMPs and serine elastase,
we are providing a more nurturing wound
healing environment.
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