SKIN STRUCTURE AND FUNCTION:

Translation of Research to Patient Care
Section Editors: Whitney High, MD; James Q. Del Rosso, DO; Jacquelyn Levin, DO

Application of Protease

Technology in Dermatology

Rationale for Incorporation into
Skin Care with Initial Observations

on Formulations Designed for
Skin Cleansing, Maintenance of
Hydration, and Restoration of the
Epidermal Permeability Barrier

James Q. Del Rosso, DO, FAOCD

J Clin Aesthet Dermatol. 2013;6(6):14-22

Abstract

This article reviews background on
proteases and their functions, their
physiological significance in skin, and
the potential implications of
incorporating specific proteases and
protease blends into dermatological
products, including skin care
formulations. The history of protease
blend formulations used in wound
model studies and for other disorders
is reviewed. In vitro data with use of
a specific 3-protease blend with
evaluation of the impact on various
skin proteins and peptides is also
discussed in this article.

Background on Proteases

Found in many living organisms
including plants and animals,
proteases are a diverse group of
enzymes that provide vital
physiological activity in a multitude of
reactions involved in many organ
systems.'” Also referred to as
peptidases and proteinases, the
activities of proteases in humans
include the gastrointestinal tract (i.e.,
digestion of ingested food proteins),
hematological and immunological
systems (blood-clotting, complement
system, apoptosis cascades, activation
of cathelicidin antimicrobial peptide

pathway), and epidermal barrier
function (i.e., permeability,
desquamation). Depending on the
amino acid sequence of a given
protein, proteases can induce limited
proteolysis with cleavage of a specific
bond or can cause unlimited
proteolysis with conversion of a
protein into its component amino
acids.'”?

The resultant effects induced by a
protease enzyme can be (1) to inhibit
the function of a physiological protein
(i.e., cytokine, chemokine, enzyme)
through its breakdown into inactive
components, (2) to convert an
inactive precursor protein into an
active physiological peptide, and (3)
to serve as a signaling agent to
transactivate the upregulation of a
specific process or pathway.'”
Ultimately, both endogenous
proteases and protease inhibitors play
vital roles that are integral to
maintaining the functional and
structural integrity of various organ
systems and their physiological
functions, including skin.
Abnormalities in protease function
and/or activity may also be operative
in certain disease states (i.e., rosacea,
atopic dermatitis, psoriasis,
immunobullous diseases).**

Proteases and Human Skin

A multitude of proteases and
protease inhibitors are involved in
modulating many physiological
activities in human skin, with normal
desquamation of upper stratum
corneum (SC) corneocytes being a
major process involved in maintaining
healthy skin. Desquamation of a
youthful and healthy epidermis
incorporates a “one-to-one coupling”
of keratinocyte formation (basal layer)
and corneocyte desquamation.” In
order for desquamation to occur
without impairment of SC
permeability barrier function,

SKIN STRUCTURE AND FUNCTION

Q cllll'tﬂlﬂfﬂhﬂﬂf [June 2013 o Volume 6 ¢ Number 6]

Fermusbhgr



epidermal differentiation requires a
system of proteolytic enzymes that is
both “timely and spatially well-
coordinated” to allow for physiological
corneocyte detachment.? The optimal
function of these enzymes requires a
proper magnitude and gradient of
SC/epidermal hydration.®'° Epidermal
barrier functions and physiological
desquamation are dependent on the
interactions of several proteases and
protease inhibitors, which require an
adequate water content and gradient
for optimal functioning to occur. As
human skin ages, the rate of both
desquamation and epidermal cell
replacement decrease significantly
over time. Uncoupling of “lost cells”
(desquamated corneocytes) versus
“replacement cells” (new epidermal
cells produced by the basal layer) is at
least partially related to reduced
endogenous protease activity and
occurs in association with SC
permeability barrier dysfunction and
xerotic skin.”

Proteases are currently classified
into six broad groups based on their
catalytic domain. These are serine
proteases, cysteine proteases,
aspartate proteases, threonine
proteases, glutamic acid proteases,
and metalloproteases (also referred to
as metalloproteinases).” Proteases in
at least the first three categories are
believed to be involved in the
desquamation process.? The individual
endogenous protease enzyme families,
specific enzymes in each group, and
their activities are beyond the scope
of this manuscript and are reviewed in
more detail by Meyer-Hoffert and
Schroder.®

History of cutaneous
application of proteases. Proteases
(i.e., collagenases) have commonly
been used for several years in
dermatological products applied to
debride necrotic and escharotic
wounds, such as decubiti and skin

ulcers."” This common application
may give some clinicians the
impression that all proteases are
caustic and highly degradative to skin
tissue, which is not accurate. Over
time, the diversity of proteases and
their biological sources, their various
properties in skin, chemical
modifications of specific proteases to
improve stabilization, adjustments in
protease concentrations, advances in
vehicles to provide better delivery
and reduce irritancy, and evaluation
of clinical applications have led to the
development of protease formulations
that appear to be applicable for
dermatological uses other than
wound debridement. Such
applications have been designed to
achieve skin cleansing,
moisturization, improvements in skin
surface characteristics and
appearance, restoration and
maintenance of SC permeability
barrier function, and amelioration of
cutaneous inflammation associated
with an overstressed or compromised
SC (Table 1).71#16

Rationale for Incorporation of
Proteases into Skin Care
Formulations

The epidermal permeability barrier,
which primarily involves the SC, is
compromised by a variety of
exogenous and endogenous
factors.”*'™* Exogenous factors
include changes in humidity, poor skin
care (i.e., harsh cleansers, astringents,
aggressive exfoliation), and certain
topical (i.e., retinoids, benzoyl
peroxide, topical corticosteroids, some
vehicle formulations) and systemic
medications (HMG-CoA reductase
inhibitors [“statins”]).* Endogenous
factors include underlying inherent
disorders, such as atopic skin, xerosis
without atopy, ichthyoses, facial skin
of rosacea, psoriatic skin,
photodamaged skin, and aged skin.®

SC permeability barrier compromise
which exceeds the capacity of self-
repair, referred to as an overstressed
SC, leads to increased transepidermal
water loss (TEWL), decreased
epidermal hydration, and impaired
desquamation resulting in clinically
evident flaky, scaly, dry skin that is
less pliable (“stiff”) and prone to
micro- and macrofissuring.®* Impaired
desquamation causes incomplete
separation of individual corneocytes,
which leads to “corneocyte clumping,
which translates clinically to visible
scales and flakes on the skin surface.
In experimental studies, acute
barrier disruption is induced to
simulate what may adversely affect
the SC permeability barrier and
trigger an increase in TEWL. This is
carried out by a variety of methods in
both human and animal skin,
including acetone-treated skin,
surfactant-treated skin (i.e., sodium
lauryl sulfate [SLS]), tape-stripping
techniques, and a variety of other
methods used to evaluate specific
parameters of epidermal function
and/or integrity (i.e., Raman confocal
spectroscopy).** It has been shown
that epidermal messenger ribonucleic
acid (mRNA) levels of tumor necrosis
factor (TNF)-a, interleukin (IL)-1a,
IL-1B, and IL-6 increase as an
immediate response to SC
permeability impairment and
increased TEWL, suggesting that
these “jump-start cytokines” play an
integral role in initiating epidermal
barrier repair, inflammatory
responses, and keratinocyte
proliferation.®#* If SC permeability
barrier dysfunction remains
unchecked, epidermal hyperplasia
ensues, which may be evident visibly
as marked scaling and
hyperkeratosis.*'" The immediate
increase of IL-1a is likely from a
“stored pool” that is pre-formed in
order to be immediately available in

”
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TABLE 1. Cutaneous use of protease formulations: Implications and outcomes

SKIN CLEANSERS™

Proteases incorporated to degrade protein in “skin dirt” comprised primarily of desquamated
corneocytes (i.e., keratin) and sweat proteins. Degraded protein fragments are more amenable
to removal by detergent component of cleansers.

Low specificity proteases optimal for cleansing due to multiple protein types on skin surface

Chemical modifications of proteases allowing for improved stabilization have led to advances
which improve the ability to incorporate these agents into skin cleanser formulations. Such
modifications may also reduce cutaneous irritancy.

LEAVE-ON FORMULATIONS™

Proteases shown to reduce visible skin scaling and dryness

Induction of desquamation by various proteases including those from plant and bacterial
sources

Broad-specificity proteases may be optimal for promotion of desquamation (generalized
proteolysis effect).

Some proteases may induce desmolysis (corneodesmosome degradation).

Proteases applied topically may improve efficacy of conventional moisturizers (visual dryness
reduction).

Enzyme encapsulation technologies increase stability by circumventing protease lysis and
denaturation by high water content of lotions/creams.

Augmented reduction in mean dryness score shown with addition of protease as compared to
base moisturizer (control without protease)

Topically applied proteases shown to rapidly reduce visual skin scaling and visible signs of
Xerosis

Rational to incorporate together specific proteases using a stable technology that releases and
delivers the protease ingredient or blend of proteases with a well-designed moisturizer/barrier
repair topical formulation

response to epidermal barrier TEWL increases and SC water

disruption, with TNF-& and IL-6 also
present as components of the initial
response to the increase in TEWL and
decrease in SC hydration.”

When the SC is disrupted, the
ensuing increase in TEWL adversely
affects the physiological SC water
content and gradient, which results in
suboptimal function of proteolytic
enzymes involved in normal
desquamation of corneocytes.** When

content decreases, the “biosensor”
functions of the SC respond by
signaling the recruitment of innate
repair mechanisms that work
“actively” to restore SC permeability
barrier function.®*™ An important
immediate repair response inherent to
human skin is the increase in the
release of IL-1, TNF-«, and IL-6. This
Jump-start cytokine profile functions
to trigger repair of the SC

permeability barrier to reverse the
increase in TEWL and restore
physiological SC water content and
gradient.* However, in xerotic and/or
eczematous skin affected by chronic
SC barrier disruption, these same
cytokines can promote inflammation
and epidermal hyperplasia that can
induce, worsen, and/or prolong the
underlying skin disorder. Therefore,
these same cytokines may be
beneficial or problematic depending
on the clinical scenario and whether
or not permeability barrier function is
restored by innate SC repair
mechanisms and/or incorporation of
proper cleansing and moisturizer
use.4,7,8.12,13

How May Proteases Augment the
Beneficial Qutcomes Achieved with
Skin Care Products?

It is important to recognize that
use of proteases in skin care
formulations is not intended to “shut
off” the physiological effects of
specific endogenous proteins, such as
cytokines, growth factors, inhibitor
proteins, and other enzymes, which
signal pathways and/or directly
modify host tissues (i.e.,
metalloproteases).'*'¢ Rather, the
type and concentration of protease(s)
used are designed to soften the
effects of pro-inflammatory
endogenous proteins that may be
detrimental when overexpressed or
overactive, to not degrade certain key
beneficial proteins, and in some cases
to provide some advantageous
protective effects on some
endogenous proteins.'*'® Therefore,
products containing proteases may
warrant the use of different protease
blends to achieve specific effects,
offer the advantage of being
nonsteroidal, and, if properly
stabilized, can be incorporated into
vehicles with effective moisturization
and barrier restoration qualities and
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TABLE 2. Results of protease effects on key endogenous physiological proteins/peptides using a designated protease blend''®

KEY PROTEINS
TNF-o

MODULATORY EFFECTS*

Rapid reduction in monomeric and trimeric forms

IL-6 / IL-6R

Sustained reduction

Substance P (neuropeptide)

Rapid reduction

Metalloproteinases (MMPs)

MMP-13)

Varies degrees of reduction in several MMPs including MMP-1, MMP-2,
MMP-3, MMP-7, MMP-8, and MMP-9. Some MMPs with rapid reduction
(i.e., MMP-1, MMP-9). Some MMPs with no reduction (i.e., MMP-10,

IL-1 (IL-1 alpha, IL-1 beta)

No reduction

PDGF

No reduction

*Note that the magnitude and time course of reduction (degradation) of a given protein in these assays does not necessarily correlate with the
magnitude/course of clinical effect and does not imply complete elimination of in vivo protein activity; clinical studies are needed to capture
effects in patients with various skin conditions (i.e., normal skin, xerosis, atopic skin/eczematous disorders, psoriasis, rosacea, corticosteroid-

treated skin, geriatric skin, etc.)

TNF=tumor necrosis factor; IL=interleukin; R=receptor; PDGF=platelet-derived growth factor

favorable skin tolerability. The
inclusion of a specific protease or
protease blend may potentially
augment the moisturization/barrier
repair effects compared to
conventional skin care products (i.e.,
cleanser, moisturizer) and may
provide adjunctive benefit in support
of the therapeutic regimen.*"#!>!?

The Development of Protease Skin
Care Formulations

In developing skin care products
(cleansing wash, moisturizing
lotion), how does one determine
which proteases to include? The
decision to incorporate a blend of
three plant-derived proteases (3-
protease blend) in skin care products
was based on multiple considerations
with direction provided by #n vitro
and in silico studies using protease
technology in acute and chronic
wound models. In vitro assays were
completed with chronic wound fluid
(CWF) and with purified protein
solutions.™'® The results of these
studies were consistent using enzyme-
linked immunosorbent assay (ELISA)

and Searchlight microarray analysis
with results depicted in Table 2.
Hawve protease-containing skin
care formulations been used in any
studzes of patients with
mflammatory dermatoses? A
protease blend formulation has been
shown to relieve pruritus in post-burn
itch subjects with encouraging results,
a response possibly related to
ameliorating the effects of substance
P and potentially other
neuropeptides.’®*™* Application to
human skin of a designated protease
blend has been published in a case
report of a patient with contact
dermatitis.’® Other protease-
containing topical products have also
been evaluated.”® A small
observational pilot study assessed the
use of an antimicrobial skin cleanser
(EltaMD Relief Exfoliating Gel,
EltaMD, Carrollton, Texas) and a
protease blend lotion (EltaMD Relief
Psoriasis Treatment, EltaMD) in
patients with psoriasis (N=8).* The
protease blend lotion used in this
psoriasis trial has been shown to
exhibit a similar profile of 7» vitro

endogenous protein activity as the 3-
protease blend used in a moisturizing
lotion formulated for skin care,
although there are some differences
between the lotions in both the
ingredient blend and concentrations
used.

In the aforementioned six-week
pilot evaluation completed in subjects
with psoriasis, significant reductions
in disease severity ratings (i.e.,
Psoriasis Area Severity Index [PASI],
Investigator Global Assessment [IGA])
at Week 3 and Week 6 compared to
baseline were shown with application
of the protease-containing lotion twice
daily and use of the non-protease-
containing antimicrobial cleanser. In
addition, decreases in erythema,
scaling, induration, and pruritus were
noted at target lesion sites treated
with the protease-containing lotion-
antimicrobial cleanser regimen as
compared to an untreated comparison
site. Importantly, in the psoriasis
study, subjects were permitted to
apply the protease-containing lotion
up to five times a day if they felt it
was needed. Additional well-designed
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TABLE 3. Potential clinical relevance of reductions in key endogenous physiological proteins after exposure in vitroto a
specified 3-protease blend"**

ENDOGENOUS
PROTEIN

TNF alpha
(monomeric, trimeric)

EFFECT OF
3-PROTEASE
FORMULATION*

Reduction

POTENTIAL CLINICAL RELEVANCE
(TOPICAL APPLICATION)

Expressed by multiple cell types and involved in several pro-inflammatory and proliferative
processes; works in concert with IL-1; increase in dendritic cells involved in immune
response. Reduction may soften the intensity of inflammation induced by impairment of
SC and in association with several dermatoses.

IL-1
(IL-1 beta)

Reduction

Increased early with SC permeability barrier damage (increased TEWL) and several
dermatological disorders; pro-inflammatory via signaling release of other cytokines, growth
factors, and recruitment of T cells; upregulates adhesion molecules; enhances epidermal
differentiation; works in concert with TNF-&. Reduction may soften the magnitude of
inflammation induced by impairment of SC and in association with several dermatoses.

IL-6 / IL-6R

Reduction

An early pro-inflammatory cytokine which contributes to amplification of inflammation (with
contribution from TNF-a and IL-1); modulates the activation, differentiation, and growth of T
cells; functional regulation of T, NK, and B cells. Reduction may soften early inflammation
and amplification loop through reduction of IL-6, IL-1, and TNF-c..

IL-4

Reduction

Promotes proliferation of activated mature T cells and cytotoxic properties; suppresses Th1
cytokine pattern; upregulated in atopic dermatitis (Th2 pattern); enhances IgE receptor
expression, mast cell growth, and contributes to IgE production. Reduction may ameliorate
inflammation patterns associated with atopic skin.

IL-2

Reduction

“T cell growth factor” essential for developing immune response, the proliferation and clonal
expansion of activated T cells, and regulation of T cell function in Th1-mediated diseases
(i-e., psoriasis). Reduction may diminish the intensity of inflammation associated with
response patterns observed with inflammatory skin changes and disease states.

MMPs

Reduction
(some MMPs)

MMPs modulate/degrade dermal matrix; some induce other inflammatory cascades;
increased or involved in several skin disorders (i.e., rosacea, acne)

*3-protease blend: bromelain, ficin, actinidin

MMP-1 (collagenase) Reduction Degradation of fibrillar collagen (collagenolysis)
MMP-3 (gelatinase) Reduction Degradation of type IV collagen and gelatin
Degradation of several extracellular matrix proteins (not fibrillar collagen).
MMP-9 (stromelysin) Reduction Reduction may soften degradation of dermal matrix and inflammatory pathways
signaled by specific MMPs.
Neuropeptide involved in mediation of nocioception and pain; involved in axon reflex-
Substance P Reduction mediated vasodilation, wheal-flare reaction, and neurogenic inflammation; increased levels

in association with eczema (atopic dermatitis and pruritus. Reduction can decrease
symptomatology and edema associated with inflammatory skin disorders.

TNF=tumor necrosis factor; IL=interleukin; MMPs=matrix metalloproteinases
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clinical studies are needed to further
define optimal use and clinical
outcomes with protease-containing
topical formulations. Results need to
be evaluated with each protease-
containing topical formulation as
differences in both the proteases and
excipients used can have direct
impact on efficacy and tolerability.
Further advances in skin sampling
techniques from patients will provide
improved ability to evaluate clinical
outcomes correlated with micro-
environmental changes in both normal
and compromised skin treated with
protease-containing topical
formulations.”

In Vitro Assessment of a
Designated “Three-Protease Blend”
Used in New Cleansing Wash and
Moisturizing Lotion Formulations

A pilot in vitro study was
completed with several endogenous
proteins incubated with the same 3-
protease blend (bromelain, ficin,
actinidin) that is contained in both the
cleansing wash and the moisturizing
lotion. The analyses were carried out
according to standardized
methodology as mandated by
established research protocol with
quantification performed using the
Searchlight microarray assaying
technique.” The Searchlight
technique has been shown to
correlate with ELISA results, with the
advantages of being faster and
requiring a smaller sample size."*"® The
outcomes observed with individual
key endogenous proteins (all of which
are known to be contributors to
cutaneous inflammation) after their
exposure i vilro to the 3-protease
blend are depicted in Figures 1 to 4.
The potential clinical relevance of the
reduction of individual endogenous
physiological proteins/peptides is
described in Table 3 and is based on
the published activity profiles and
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data reported with these endogenous
proteins/peptides.*

The results of this analysis are
consistent overall with previous
vitro results evaluating protease
technology with CWF, demonstrating
softening of the activity of several pro-
inflammatory endogenous proteins
and apparent protection of other key
proteins.™ ' This #n vitro study
suggests that the 3-protease blend
used in a designated proprietary
cleansing wash and moisturizing lotion

may assist in ameliorating cutaneous
inflammation observed in association
with SC permeability barrier
impairment secondary to xerotic skin
changes and several inflammatory
dermatoses.

Other Considerations

The potential for proteases to
induce allergic sensitization (i.e., Igk-
mediated hypersensitivity) has been
discussed in the literature primarily
with occupational exposure (i.e.,
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Figure 3, Threo-Frotgaso Bland Formulation
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inhalant exposure) and possible
relevance to food allergy. " As with
all topical products, allergic contact
dermatitis is a potential risk so this
should be considered if a suspected
case arises.” Although IgE-mediated
hypersensitivity has been reported
with systemic exposure to some
proteases, there is not a definitive
correlation that this creates a risk with
topical exposure. One study has
shown that actinidin, a fruit-derived
protease found in kiwifruit, was not

shown to be the major allergen in a
well-characterized population of
individuals with established kiwifruit
allergy.”® Additional studies are
warranted, especially if cases of
cutaneous hypersensitivity emerge
with more prolonged use. As the
concentrations of proteases in
recently developed skin care
formulations are relatively low, it is
anticipated that cutaneous
sensitization will not likely emerge as
a major concern; however, clinical

vigilance is always prudent, especially
with newer products brought to the
marketplace.

Characteristics of the Non-Protease
Ingredients Used in the Vehicle
Formulation

In addition to the effects induced
by the three proteases, other
ingredients incorporated into cleanser
and moisturizer formulations play
significant roles in contributing to
effective gentle cleansing, and SC
hydration, along with SC permeability
barrier restoration. When a skin care
product will be used on facial skin,
non-comedogenicity is also important.
An illustrative example of these
principles is shown in Table 4, which
depicts the non-protease ingredients
and vehicle characteristics of a 3-
protease blend cleansing wash and
moisturizing lotion. Clinical experience
and additional studies should expand
our understanding of clinical
responses that may be achieved by
topical products that incorporate
proteases. However, it is important to
note that vehicle technology and other
ingredients used in the formulation
also contribute markedly to clinical
efficacy, skin tolerability, safety, and
patient satisfaction.

Conclusion

Endogenous proteases comprise
several families with diverse activities
and play a major role in the
modulation of many physiological
functions in several organ systems,
including skin. Over time, advances
in assessing the sources and
properties of various proteases, and
improved stabilization in topical
vehicles, is likely to stimulate the
development of newer products
designed to achieve specific
outcomes. Thus far, two new topical
formulations, a cleansing wash and a
moisturizing lotion, have been
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developed that incorporate a
specified 3-protease blend along with
other conventional ingredients
included to optimize the overall
performance characteristics of the
products. In vitro evidence suggests
that the 3-protease blend may
decrease skin inflammation by
softening the effects of certain key
physiological proteins, such as
cytokines, metalloproteinases, and
the neuropeptide substance P. The
goal of those developing formulations
that incorporate protease technology
is for these products to serve a
rational adjunctive role that supports
the medical therapeutic regimen,
through gentle cleansing,
moisturization, and contribution to
the amelioration of inflammatory
pathways common to many
dermatoses. A therapeutic model for
incorporation of protease-containing
skin care products is depicted in
Figure 5. Additional clinical
experience and studies will help to
further define the clinical profiles of
protease-containing topical products.
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