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Summary

Background As oxygen is essential for wound healing and there is limited diffusion
across the stratum corneum into the epidermis, we wanted to evaluate whether the
topical delivery of a total dissolved oxygen in dressing form on intact human subject
skin would improve clinical and histologic skin functioning.

Aims Fifty normal, healthy subjects completed a pilot clinical evaluation to assess the
efficacy and tolerability of a dissolved oxygen dressing (OxygeneSys™-Continuous) to
improve the health and appearance of intact skin.

Methods Clinical analysis was performed on 50 subjects; histological and gene
expression analysis was performed on 12 of the 50 subjects to assess the effect of the
dissolved oxygen dressing.

Results Clinical data demonstrate that the dressing is well tolerated, and several
measures of skin health and integrity showed improvements compared with a control
dressing site. Skin hydration measurements showed a statistically significant increase in
skin hydration at 0-4, 4-8, and 0-8 weeks (P < 0.05 at each time point). The blinded
clinical investigator’'s grading of desquamation, roughness, and skin texture show
significant decreases from baseline to the 8-week time point (P < 0.05). The dressings
were removed prior to the blinded clinical investigator’s grading. These data were
supported by the histological and gene expression studies, which showed a general
reduction in inflammatory response markers and transcription products (IL-6, IL-8,
TNF-alpha, MMP-1, and MMP-12), while facilitating a general increase in structural
skin proteins (collagen I, elastin, and filaggrin). Additionally, p53 signals from biopsy
samples support the clinical investigator’s observations of no safety concerns.

Conclusion The data from this study demonstrate that the dressing has no deleterious
effects and stimulates beneficial effects on intact, nonwounded skin.

Keywords: skin, topically dissolved oxygen, inflammation, structural proteins,
filaggrin, aquaporin, aquaglyceroporin channel, AQP3
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as pathogenic organisms, UV radiation, regulation of
water and temperature and participating in the
immune system.' Skin health is dependent on a number
of fluctuating physiologic mechanisms. Many of these
physiologic processes are compromised with age. For
example, wound healing is significantly compromised in
older subjects.! If left untreated, these wounds can
become chronic in nature and present serious clinical
sequelae for patients.”> Nonhealing chronic wounds,
pressure ulcers, and bed sores can be especially debili-
tating in the geriatric population.

Our aging population is not the only subject group
with issues or concerns about skin health. As the larg-
est and most esthetically important organ in the body,
the skin is a growing area of focus for individuals from
all age groups. Geriatric people are interested in curb-
ing the effects of age, while younger people are inter-
ested in maintaining a youthful, healthy skin condition
that will last as long as possible. Rapid and complete
healing from all kinds of skin wounds is an essential
component of skin health. Therefore, therapies and
conventions that target not only healthy but also
wounded skin have appealing clinical and quality-
of-life benefits.

A central dogma in skin care states that the nutri-
tional supply of oxygen to the skin is delivered
through the internal circulation. However, recent
data have shown that significant amounts of oxygen
may enter via diffusion from the external overlying
surface.> There is a close dependency between tissue
oxygenation and wound healing. Specifically, it has
been shown that wounds with <30 mmHg are con-
sidered to by hypoxic and have more clinical issues
such as being slow to heal, having little or no granu-
lation tissue, and having accumulations of necrotic
deposits.* In contrast, those wounds with oxygen
levels >30 mmHg usually have few longer-term clini-
cal issues and follow a normal course of wound
healing.*

Maintaining physiologic oxygen levels is critical for
normal homeostasis in all tissues. In the skin, white
blood cells require oxygen for the respiratory burst
mechanism that is necessary for killing ingested bacte-
ria.>”” Skin fibroblasts normally secrete a variety of
extracellular matrix molecules; this process is critically
dependent on physiologic oxygen levels.®® The events
of angiogenesis and granulation tissue formation are
dependent upon oxygenation.>'® Wounds deprived of
oxygen deposit collagen poorly and are easily infected.
Epithelialization represents a final resolution of the
wound, and its mechanisms are optimized at high oxy-
gen levels.! As oxygen is essential for wound healing
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and there is limited diffusion across the stratum corne-
um into the epidermis, we wanted to evaluate whether
the topical delivery of a total dissolved oxygen in dress-
ing form on intact human subject skin would improve
clinical and histologic skin functioning. Biopsy samples
were taken from subjects at active and control sites
following 8 weeks of treatment. Biopsy samples were
coronally sectioned, with one half processed for histo-
pathology to assess impact on hydration, oxidative
stress, and structural proteins, and the second half pro-
cessed for real-time RT-PCR analysis to assess impact
on inflammatory markers. Results from these evalua-
tions suggest active mechanisms are in play with the
use of topical oxygen therapy to intact, healthy skin.
No safety issues were seen in the current study, and
structurally significant and biologically relevant differ-
ences were detected as a result of 8 weeks of active
treatment.

Materials and methods

Human subjects

A total of 50 healthy subjects (men and women ages
50-69 years; mean age 58.4) completed a single site,
randomized controlled, 8-week study. Subjects had
age-appropriate photoaging and stable concomitant
medications. Informed consent was obtained from all
subjects in the study, which was approved by the

Concordia Clinical Research Institutional Review
Board, New Jersey.
The semi-occlusive, absorbent, oxygen-enriched

™

dressing (Active Group, OxygeneSys '-Continuous,
AcryMed, Inc., Beaverton, OR, USA) was affixed to the
skin covering the anterior tibia on one limb, and the
contralateral limb was covered with a Kling® bandage
(Johnson & Johnson Consumer Products Company,
Skillman, NJ, USA) to function as the control. A com-
puter-generated randomization scheme determined
which limb (left or right) would receive the experimen-
tal dressing. The dressing was wet with an ampule of
eye moisturizer and affixed to the shin with a Kling®
dressing held together with paper tape. The dressing
was applied daily by the subject following bathing and
worn for 24 h continuously. The location of the dress-
ing placement was noted by the investigator with black
indelible ink. Subjects were permitted to continue using
their own skin care, cleansing, and makeup products,
but were not allowed to begin any new products for
the 8-week duration of the study. No skin care prod-
ucts of any kind were used on the shins where the
dressing was applied.
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Clinical measurements

Subjects were evaluated in a blinded fashion by collect-
ing a variety of observations at the designated time
points. All study subjects were evaluated by a single
investigator. The dressings were removed prior to the
blinded clinical investigator's grading. A 5-point ordi-
nal scale was used for all investigator and subject-
assessed parameters at baseline, 1 week (compliance
check visit), 4 weeks, and 8 weeks, ranging from 0 =
no signs or symptoms to 4 = very dramatic signs and
symptoms resulting in discomfort, representing an
adverse reaction. Investigator-assessed efficacy parame-
ters were as follows: desquamation, roughness,
erythema, skin texture, and tolerability parameters
were as follows: itching, stinging, and burning. Sub-
ject-assessed parameters included: flakiness, roughness,
redness, and overall problems. Digital photography of
each shin was taken at baseline, 4 and 8 weeks
(Fig. 1).

Skin hydration (uS, micro siemens) was measured
with the Dermalab pin probe corneometer (Cortex
Technology, Hadsund, Denmark) that used low grade
current and conductivity to indirectly measure water
content. Transepidermal water loss (TEWL: g/m? h)
was measured with the Dermalab TransEpidermal
Water Loss module (Cortex Technology). Elasticity
was measured with the Dermalab skin elasticity mod-
ule (Cortex Technology, Denmark), and skin colora-
tion was measured with the Dermalab DSM II
Colormeter (Cortex Technology). Sensory monofila-
ment test was performed by drawing a cotton fiber
over the skin.

Biopsy

Biopsies were performed in a controlled office envi-
ronment, 25% humidity, 22°C, during the summer
season. Full-thickness biopsies were collected from 12
randomly selected subjects. One 3 mm biopsy was
taken from each shin (randomized active and control)
at week 8. Biopsies were immediately cut in coronal
halves (superficial to deep). One half was immediately
placed in ice-cold 2% paraformaldehyde (PFA; Elec-
tron Microscopy Sciences, Hatfield, PA, USA) in PBS
for histological and immunohistologic analysis and
the other half in ice-cold RNAlater (Sigma Chemical
Company, St. Louis, MO, USA) for real-time RT-PCR
analysis. Histology samples were stored in 2% PFA
at 4 °C for 48 h then transferred to 70% ethanol
and stored at 4 °C until processed and paraffin
embedded. RNAlater samples were stored overnight
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at 4 °C then stored at —80 °C until processed for
RNA.

Histology

All histologic analyses were performed at the 8-week
time point, comparing active site to control. Histopath-
ologic evaluations were assessed from paraffin embed-
ded tissues, serially sectioned at 5 um and stained with
hematoxylin and eosin. Immunohistochemistry evalua-
tions were performed by reacting 5 um sections with
the following primary antibodies: oxidative stress DNA
adduct 8-hydroxy 2-deoxyguanosine (8-OHdG; Abcam,
Cambridge, MA, USA), water-glycerol channel aquapo-
rin-3 (AQP3; Santa Cruz Biotechnology, Santa Cruz,
CA, USA), structural proteins filaggrin (Vector Labora-
tories, Burlingame, CA, USA), collagen T (Abcam), and
elastin (Abcam), and processed using standard immu-
nohistochemistry methods. Digital, whole-slide scans
(Aperio ScanScope CS; Aperio, Vista, CA, USA) were
used for all evaluations to quantify changes in levels,
using established digital pathology algorithms. Quanti-
tative assessments on digitally scanned slides have
been used to quantify immunohistochemistry in several
different tissues.'? All artifacts were manually excluded
prior to digital algorithm. H-score, a widely used
pathology method for quantitatively evaluating stain-
ing features is directly related to staining intensity (O,
+1, +2 or +3) of the area, cell or object and calculated
by the formula: (3 x %3+) + (2 x %2+) + (1 x %l1+).
Results range from 0 to 300.%3

Real-time PCR

Tissues were thawed on ice, then homogenized in RLT
lysis buffer (Qiagen, Valencia, CA, USA) using an Omni
THq rotor stator (Omni International, Kennesaw, GA,
USA) for 30 s per sample. Total RNA was isolated with
RNeasy Mini Kit (Qiagen). The cDNA was reverse tran-
scribed with the Superscript III first-strand synthesis
system (Invitrogen, Carlsbad, CA, USA). cDNA was
diluted 2:1 prior to addition to 10 uL. PCRs containing
2x Tagman Universal PCR Master Mix (Applied
Biosystems, Carlsbad, CA, USA) and amplified on a
7900 Real-Time PCR System (Applied Biosystems). Real-
time analysis was performed with the following Tagman
probes: IL-6, IL-8, MMP-1 (collagenase), MMP-12 (elas-
tase), TNF-o¢, TP53, and VEGF and normalized to
GAPDH. Samples were analyzed using the 224G
method, using GAPDH as the housekeeping gene to nor-
malize for sample-to-sample variations in RNA/cDNA.
Data are presented as “fold change” in active vs. control.
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Subject #2, control

Subject #3, control

Subject #11, control

Subject #2, active

Subject # 3, active

Subject # 11, active

Figure 1 Clinical pictures of control vs. active at the 8-week time point.

Statistical analysis

A paired Student’s t-test was performed to determine
whether differences existed between the active group
vs. the control group. A P-value < 0.05 was considered
to be statistically significant.

Results

Human subjects

A total of 50 subjects completed the study without any
major adverse events or deviations from the study
design.

Clinical measurements

Skin hydration measurements showed a statistically
significant increase in stratum corneum hydration from
baseline to 4 weeks, 4-8 weeks, and baseline to 8 weeks
(P < 0.05 at each time point), with an average increase

© 2013 Wiley Periodicals, Inc.

in hydration of 41 xS in active vs. control from baseline
to 8 weeks (Table 1). There were no statistically significant
changes in skin coloration with the dermospectropho-
tometer, nor were there significant changes in TEWL,
monofilament sensorial measurement, or elasticity
measures across all time points (data not shown).

Blinded clinical investigator-measured outcomes of
itching, burning, stinging, and erythema were not sig-
nificantly different between the active vs. control at all
time points compared (data not shown). However, the
blinded clinical investigator measures of desquamation,
roughness, and skin texture showed significant
decreases from baseline to 8-week time points only
(P < 0.05), see Table 1. There were no significant dif-
ferences for these measures in active vs. control from
baseline to 4 week and 4- to 8-week comparisons. Sub-
ject assessment of flakiness, roughness, redness, and
overall problems were not significantly different
between the active group and the control group at all
time points (data not shown).
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Table 1 Clinical measurements between control and treatment sites

Control Treatment P value

Skin hydration (uS) 0-4 weeks —-8.18 + 44.01 15.88 + 46.17 0.010
4-8 weeks —2.04 + 32.34 15.22 + 41.96 0.025

0-8 weeks —10.22 + 33.91 31.10 £+ 44.71 <0.001

Desquamation 0-4 weeks —0.27 £ 1.09 —0.49 £+ 1.29 0.356
0-8 weeks —-0.12 £ 0.99 —1.08 £ 1.19 <0.001

Roughness 0-4 weeks -0.33 £ 1.12 —0.53 + 1.24 0.396
0-8 weeks —-0.18 £ 0.99 —1.14 £ 1.15 <0.001

Skin texture 0-4 weeks —-0.33 £ 1.12 —0.53 +£ 1.24 0.396
0-8 weeks —-0.18 £ 0.99 —1.14 £ 1.15 <0.001

Histology active sites had a more “circumferential” or mem-

Histopathology comparisons between active vs. control
sites at the 8-week time point did not reveal any
noticeable differences with respect to acanthosis,
spongiosis, chronic inflammation, hyperkeratosis, epi-
dermal mononuclear infiltration, focal acantholysis, or
dermal edema. Subtle differences exist in epidermal
thickness, vascular prominence, and occasional peri-
vascular mononuclear cells. However, these features
were concluded to be consistent of normal human
skin. No trend change was observable for any of these
characteristics between active and control samples.
Representative histopathology is shown in Figure 2.
Rete peg analysis showed a slightly lower level in
active vs. control sites; however, no statistically signifi-
cant differences were seen.

Immunohistochemistry

Immunohistochemical (IHC) analysis of coronal, seri-
ally sectioned biopsies from the 12 subjects revealed a
modest increase in 8-OHdG levels in active vs. control
sites, suggesting increased oxygen was penetrating the
epidermis through the dressing, resulting in a measur-
able effect of higher 8-OHdG levels.

The aquaglyceroporin channel, AQP3 showed a
slight decrease in active vs. control sites; however,

brane-localized staining pattern, suggesting recruit-
ment of AQP3 from the cytoplasm to the membrane to
facilitate water and glycerol transport (Fig. 3). THC
analysis revealed an increase in H-score of filaggrin,
collagen I, and elastin proteins in active vs. control
sites. The H-score value represents a quantitative mea-
surement of staining intensity (quantity of antibody)
from whole-slide digital scans of IHC-reacted slides.
Evaluated collectively, while not statistically significant,
a trend analysis of these key structural proteins dem-
onstrates that these parameters all increase, suggesting
a mechanism of influencing structural organization in
the skin (Fig. 4 and Table 2).

Real-time RT-PCR

GAPDH was used as the housekeeping gene to normal-
ize for sample-to-sample variations in mRNA. Analysis
was performed on a range of inflammatory, structural,
angiogenic, and cellular stress genes. Proinflammatory
cytokines IL-6, IL-8, and TNF-alpha showed a modest
decrease in active vs. control sites. MMP-1 (collage-
nase) and MMP-12 (elastase) showed a more robust
decrease. During inflammation or damage, both MMP-
1 and -12 are up-regulated to degrade extracellular
matrix (ECM). Trend analysis of these markers suggests

Figure 2 Representative histopathology (hematoxylin and esosin stain). (a) Subject #10, control site at the 8-week time point. (b) Sub-

ject #10 active site at the 8-week time point. Scale bars = 100 pm.
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Figure 3 Representative aquaporin-3 levels at 8 weeks. (a) Subject #10, control site. (c) Subject #10, active site. (b) Subject #13, con-

trol site. (d) Subject #13, active site.
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Figure 4 Immunohistochemistry trend plot of structural proteins collagen I, elastin, and filaggrin at 8 weeks.

consistency in the data and a mechanism of down-reg-
ulating the expression of inflammatory markers (Fig. 5
and Table 2). VEGF expression levels were unchanged,
suggesting the oxygen dressing neither decreased tissue
pO, levels to hypoxic levels nor increased pO, to
hyperoxic levels, both of which would lead to an
increase in VEGF expression. TP53 (p53) levels were
unchanged. As a central monitor of cellular stress and
its environment, including sensing reactive oxygen spe-

© 2013 Wiley Periodicals, Inc.

cies (ROS) levels, the data suggest the topical oxygen
dressing-covered skin was in a healthy state with
respect to p53 levels (Table 2).

Discussion

In the current study, normal, healthy subjects were
enrolled in a pilot clinical evaluation to assess the effi-
cacy and tolerability of a dissolved oxygen dressing in
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Figure 5 Real-time RT-PCR trend plot of inflammatory markers at 8 weeks.

improving skin health and appearance. The dressing
provides an oxygen-enriched environment that may
promote a favorable environment for promotion of
healing. Clinical analysis was performed on 50 sub-
jects; histological and gene expression analyses were
performed on 12 of the 50 subjects. Clinical data
showed the dressing was well tolerated, and several
measures of skin health and integrity showed improve-
ment compared with the dressing-only control site. No
safety issues were seen during the 8-week study period.
These data were supported by the immunohistological
and gene expression studies, which showed a general
reduction in inflammatory response markers and tran-
scription products and a general increase in structural
proteins. Additionally, there was a significant decrease
in investigator-measured desquamation, roughness,
and skin texture in active vs. control sites.

The skin, like all tissues, relies on physiologic levels
of oxygen for the maintenance of normal homeostasis.
The role of oxygen in maintaining skin homeostasis has
been previously described.!* Numerous homeostatic
mechanisms in the skin are dependent on physiologic
oxygenation of the skin. When the skin is damaged,
wound healing processes are initiated to restore the
barrier function, for example, the respiratory burst
mechanism leveraged by white blood cells to kill harm-
ful bacteria requires oxygen.’’ Additionally, physio-
logic oxygen levels are needed to enable fibroblasts to
perform their normal production of structurally critical
extracellular matrix proteins.”” The delivery of topical

92

dissolved oxygen to the epidermis and potentially the
dermis has many implications, including the potential
to enhance the wound healing process.” While an
increase in oxygen is beneficial to the wound healing
process, it also increases the amount of ROS-induced
physiological changes that may have negative conse-
quences downstream.

Reactive oxygen species are continuously formed in
living cells of aerobic organisms as part of normal
physiologic processes. Endogenously produced ROS,
including H,0,, superoxide anion radical (O;), and the
hydroxyl radical (*OH), have many important func-
tions in healthy cells and tissues, acting as secondary
messengers in the regulation of cell cycle, proliferation,
apoptosis, and response to inflammation or damage.'’
ROS levels are managed by glutathione, glutathione
peroxidase, superoxide dismutase, and other scaveng-
ing systems.!®> The hydroxyl radical is highly reactive,
short-lived and can induce damage to purine and
pyrimidine bases and the deoxyribose backbone.'® The
most frequently studied reaction of *OH with DNA is
the formation of 8-OHdG, which when left intact can
result in G:C—T:A transversions.

The overall health of the cells and the skin is contin-
ually monitored through a complex series of signals,
including degree of DNA damage by the level of 8-
OHAG. In healthy cells, the cellular repair system,
including base excision repair, nucleotide excision
repair and mismatch repair, removes the mutations.
However, when ROS are produced in amounts that

© 2013 Wiley Periodicals, Inc.
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exceed the cell’s capacity to remove the DNA adducts,
a series of responses are induced to recruit additional
resources to handle the insult. A critical stress response
involves phosphorylation and subsequent stabilization
of p53 protein, the guardian of the genome, resulting
in two major cell pathways — cell cycle arrest for DNA
repair, promoting cell survival or apoptosis, eliminating
cells that are damaged beyond repair.'®

In the current study, we observed an increase in 8-
OHAG in active vs. control epidermis, suggesting addi-
tional oxygen, delivered by the dressing, penetrated the
skin and caused an increase in ¥*OH-intermediates. The
DNA analogs appear to be managed by normal physio-
logical processes without deleterious consequences. If
the DNA damage were beyond the capacity of the cell
to manage, we would anticipate seeing an up-regula-
tion of p53 mRNA expression.

Tumor protein 53 (TP53, p53) is the central monitor
of stress in the cell and has been described as the
guardian of the genome. p53 has a high turnover rate
and is present in cells in low levels in a nonphosphory-
lated, inactive state. In response to DNA damage, p53
is phosphorylated at multiple sites, along with several
feedback loop proteins (ATM, Mdm?2, Akt, PTEN), initi-
ating a series of transient p53 pulses. The amount of
these p53 pulses ultimately determines cell fate to
either cell cycle arrest or apoptosis.'®

In the current study, p53 expression levels were
slightly down-regulated in active treatment sites. This
minor change in p53 message expression in active vs.
control sites, in combination with the increased pro-
duction of 8-OHdG indicates that the topical oxygen
therapy is penetrating the skin and resulting in positive
changes that are not causing excessive stress to the
skin. This strongly suggests an active therapy mecha-
nism is in effect without negatively impacting cell and
tissue health. Furthermore, VEGF levels were
unchanged in active vs. control sites, suggesting the
dissolved oxygen dressing created no hypoxic or hyper-
oxic states.'” VEGF expression is extremely sensitive to
deleterious physiologic changes in oxygen levels.
Therefore, as VEGF expression in the current study
was unchanged and p53 levels were effectively
unchanged, we can conclude that the therapeutic con-
ditions were safe at the cell and tissue level.

Aquaporin-3, the most abundant aquaglyceroporin
in the skin, has been shown to transport both water
and glycerol.'® It is primarily found in the stratum ba-
sale and stratum spinosum layers of the epidermis and
has been identified to play an important role in epider-
mis and SC hydration, elasticity, wound healing,
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Table 2 Data summary

Marker Analysis  Result
Stress monitor 8-OHdG IHC Increase
p53 PCR No change
VEGF PCR No change
Stratum corneum AQP-3 IHC Slight decrease
barrier Redistributed
to membrane
Hydration Clinical Increase
Desquamation  Clinical Decrease
Roughness Clinical Decrease
Skin texture Clinical Decrease
Inflammation markers  IL-6 PCR Decrease
IL-8 PCR Decrease
TNF-a PCR Decrease
MMP-1 PCR Decrease
MMP-12 PCR Decrease
Epidermis structure Filaggrin IHC Increase
Elastin IHC Increase
Collagen | IHC Increase

enhancing keratinocyte proliferation, migration, and
differentiation.'®

Aquaporin-3 levels decreased slightly among subjects
in the study. Interestingly, there was an observable
change in subcellular distribution of AQP3, shifting
from a general cytoplasmic distribution in the control
to more of a membrane or circumferential distribution
in the active treatment group (Fig. 3). One hypothesis
is that active treatment results in a redistribution of
AQP3 water channels to the cell membrane to provide
a more consistent level of water and glycerol to the
epidermis. In the literature, decreased AQP3 levels are
associated with dry skin.'® Additionally, a more cyto-
plasmic distribution of AQP3 is associated hyperprolif-
erative skin disorders.'® 2% If subjects did not have
clinically significant dry skin at the start of the study,
we might conclude that either the reduced level of
AQP3 channel in active treatment is not of clinical sig-
nificance or the redistribution of the AQP3 channels
counteracts the decrease in AQP3 protein. Alterna-
tively, if a subject had dry skin at the start of the
study, the persistent presence of the dissolved oxygen
dressing on the active treatment site for 8 weeks could
result in reduced evaporation, which could have sig-
naled a reduced need for AQP3 expression or a redistri-
bution to the membrane to further facilitate water and
glycerol transport. The redistribution of AQP3 to the
membrane and its likely beneficial effect of providing
additional water and glycerol to the epidermal layers is
supported by clinical data, specifically the statistically
significant increase in skin hydration (P < 0.001), and
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significant decrease in investigator measures of rough-
ness, desquamation, and skin texture, reflecting an
increase in moisture in the stratum corneum.

Filaggrin, a structural protein produced in the epi-
dermis by terminally differentiating keratinocytes,
facilitates the organization and condensation of kerati-
nocytes and contributes to the formation of the stra-
tum corneum. Filaggrin is synthesized as a profilaggrin
polypeptide, containing 10-12 tandem filaggrin repeats
and is stored in intracellular keratohyalin granules in
the granular layer of the epidermis. As terminal differ-
entiation continues, Ca’* levels increase, which signal
the dissolution of the granules and dephosphorylation
and cleavage of profilaggrin into filaggrin monomers.
The free filaggrin binds to keratin intermediate fila-
ments, which condense the keratin cytoskeleton, con-
tributing to the cell compaction process that is
required for the squamous cell phenotype of the stra-
tum corneum. Filaggrin is further degraded to produce
hydrophilic acids, components of natural moisturizing
factor, which are significant contributors to hydration
and the mildly acidic cutaneous pH.?! Reductions in
profilaggrin or filaggrin lead to a poorly formed stra-
tum corneum (ichthyosis), which is also prone to
water loss (xerosis).?" Filaggrin levels were higher in
active vs. control sites, suggesting treatment increased
the production of filaggrin in the skin, potentially con-
tributing to more natural moisturizing factor and a
more structurally sound barrier function of the stratum
corneum. Additionally, increased filaggrin levels corre-
late with the increase in investigator-measured skin
hydration and decrease in skin texture, roughness, and
desquamation. Collagen and elastin, other well-evalu-
ated skin proteins, demonstrated positive changes in
active sites in the current study. Collagen I protein lev-
els were slightly higher in active sites vs. control sites.
Greater collagen T presence in the dermis may provide
skin with greater structural integrity. The consistency
in the data lies in the fact that three major structural
skin proteins (filaggrin, elastin, and collagen), all
increase in their expression in active sites when com-
pared to control sites in the same subject.

Elastin is a structural protein found in the dermis as
well as other critical tissues such as blood vessels,
heart, bladder, and ligaments where it provides physio-
logically relevant elasticity. Elastin levels appear to be
higher in active vs. control sites. Greater elastin pres-
ence in the dermis may provide skin with greater
structural integrity and elasticity. Additionally, a trend
analysis was conducted on key structural proteins
within the skin: collagen, elastin, and filaggrin. Trend
analysis of these three proteins suggests consistency in
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the data and a mechanism of positively influencing the
expression of key structural proteins (Fig. 4). Because
these proteins trend together, we can conclude with a
higher level of confidence that the active treatment is
stimulating beneficial structural changes within the
underlying skin.

Inflammatory markers IL-6, IL-8, TNF-«, and the
matrix metalloproteinases MMP-1 (collagenase), and
MMP-12 (elastase) are up-regulated when inflamma-
tory processes or mechanisms are in play. They are
secreted by leukocytes and regulate a wide range of
cellular and tissue responses, recruiting macrophages,
neutrophils, inducing angiogenesis and inducing
remodeling of damaged tissue.”* In this study, expres-
sion of these markers was down-regulated in active vs.
control sites, suggesting a decrease in inflammatory
pathways or mechanisms and a decrease in breakdown
or remodeling of the extracellular matrix within the
skin following active treatment.

Conclusions

The dissolved oxygen dressing was applied to normal,
healthy, age-appropriate, photoaged skin and com-
pared with a nontreated site on the contralateral limb
in the same subject. The data from this study demon-
strate that the total dissolved oxygen dressing has no
deleterious effects; rather it stimulates beneficial effects
on intact, nonwounded skin.

The increase in 8-OHdG levels in active vs. control
sites suggests the dissolved oxygen dressing is increas-
ing O, levels in the skin. The levels of both VEGF and
p53 are unchanged, suggesting the increased O, is
within acceptable levels within the cells. Decreases in
IL-6, IL-8, TNF-o, MMP-1, MMP-12 also suggest insig-
nificant stresses within the cells and skin. The
increases in structural proteins collagen I and elastin is
likely explained by reduced turnover by a decrease in
MMP-1 and MMP-12 mRNA levels (Table 2).

The blinded clinical investigator’s measurements of
decreased desquamation, roughness, and skin texture
in treated vs. control sites correlate with the significant
increase in skin hydration. These data are supported
histologically by an increase in filaggrin, resulting in
increased production of natural moisturizing factor and
a redistribution of aquaglyceroporin, AQP3 from the
cytoplasm to the membrane.

In summary, the data from this study demonstrate
that the dressing has no deleterious effects and appears
to stimulate beneficial effects on intact, nonwounded
skin.

© 2013 Wiley Periodicals, Inc.
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