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ABSTRACT

Background/Objectives: Anti-aging strategies utilizing stem cells are in the forefront. Alpha and beta defensins are natural immune
peptides that have been shown to activate an LGR6-positive stem cell locus in the hair follicle, identified as the source of most new epi-
dermal cells during acute wound healing. We investigated the ability of biomimetie-alpha-and-beta-defensin molecules, supplemented
with supportive cosmetic ingredients, formulated into three skin care products, atiimproving the structure and function of aging skin.
Methods: A participant- and investigator -blinded, placebo-controlled, multi-center trial was performed in outpatient settings. Forty-four healthy
female subjects, aged 41-71 years, skin types |-V, completed the study with 2/3 receiving full formula and 1/3 receiving the placebo formula. A
skin care regimen of 3 products (serum, cream, and mask) containing alpha-defensin 5 and beta-defensin 3, and other cosmetic ingredients,
was applied to the face, post-auricular, and neck skin two times per day for 12 weeks in those receiving full formula, whereas the placebo
group received the identically packaged regimen without the active ingredients. Methods of evaluation included histopathology and immuno-
histochemistry (7 subjects), clinical evaluation of pores, superficial and deep wrinkles based on Griffiths scale, and high-resolution photography
(all subjects). In addition, a subset of 15 patients were evaluated with the QuantifiCare system (3-dimensional imaging and skin care scores
for evenness, pores, oiliness) and Cortex measurements (high-resolution skin ultrasound, TEWL, elasticity, color, and hydration). Data points
for evaluation included baseline, 6 weeks, and 12 weeks. All patients used the same sunscreen and cleanser, which was provided to them.
Results: The full formula regimen caused a significantly (P=0.027) increased thickness of the epidermis as seen in histology, not seen in the placebo
group, with no signs of inflammation. No excessive cell proliferation was detected in either group as measured by Ki67-immunohistochemistry.
Reduction in visible pores, superficial wrinkles, oiliness, pignmentation, and improvement of skin evenness, were statistically significant. A trend for
improvement was also observed in skin elasticity, TEWL, and hydration; these did not achieve statistical significance. Ultrasound and histopathology
demonstrated increases in dermal thickness in individual patients, without statistical significance. Comprehensive improvement in all 5 parameters,
including visible pores, hyperpigmentation, superficial and deep wrinkles, and epidermal thickness, was statistically significant when the subset of
participants assigned for histology in full formula group was compared with the placebo group participants.

Conclusions: A 3-product skin care regimen containing alpha and beta defensins globally improves the visual appearance and structure of
aging skin without irritation, dryness, or inflammation. Specifically, this regimen increases epidermal thickness, reduces appearance of pores,
reduces wrinkles, and reduces melanin. This skin care regimen stimulates rejuvenation without evidence of increase of a marker of carcino-
genic stimulation. This data is consistent with the hypothesis that a defensin-containing skin care regimen activates the body’s own dormant
stem cells to generate healthy new epidermal cells.

J Drugs Dermatol. 2018;17(4).426-441.

INTRODUCTION

he human epidermis consists of layers of keratinocytes

I at various levels of differentiation, ranging from the mi-
totically active basal layer to the dead flattened cells of

the stratum corneum.’? Epidermal appendages include the hair
follicles, sebaceous glands, and sweat glands, which extend

into the dermis.®The epidermis is maintained and regenerated

by basal layer stem cells.?
© 2018-Journal of Drugs in Dermatology. All Rights Reserved.

Multipotent stem cells have paved the way for new applications
and deeper understanding in the field of regenerative medicine
and the pathophysiology of aging.*®

Various studies have characterized dermatological stem cell
populations and their coordination with one another (Figure
1)."3610 Basal epidermal stem cells proliferate and maintain
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FIGURE 1. Dermatologic stem cells. Basal stem cells support
epidermal turnover and keratinocyte renewal.®"° Bulge stem cells
in hair follicle (WNT-dependent cells) are primarily responsible

for hair growth due their ability to respond to WNT, the major

hair growth signal. Stem cells located above bulge of hair follicle
(WNT-independent cells) enable epidermis repair in wounds and
support other than hair growth skin’s functions; these cells cannot
contribute to hair growth because they have no WNT receptors and
therefore are unable to respond to hair-growth signal.

epidermal turnover and homeostasis."™ LRIG1-positive and
GLI1-positive stem cells contribute to the maintenance of the
infundibulum and sebaceous glands, respectively.® Hair fol-
licle bulge stem cells are responsible for hair growth but not
homeostasis of the epidermis.” Located right above the hair fol-
licle bulge, LGR6-positive stem cells create the entire epidermis
and appendages early in utero,® thus earning the designation
“skin’s master stem cells”®#%These cells do not contribute to the
skin’s homeostasis on a daily basis, remaining dormant until
activated by the healing cascade unleashed by a skin wound.™

During wounding, LGR6-positive cells create new keratinocytes
and new epidermal basal stem cells that provide long-lasting
contributions to the skin post-wounding.5%'" Activation of these
cells during wounding is mediated by defensin peptides, which
normally function as part of the epithelium’s immune response
(Figure 2).

The human body expresses two types of defensins: alpha and
beta defensins.” In addition to activation of LGR6-positive stem
cells,” defensins have a variety of potentially useful properties.
They are cytotoxic to tumor cells'?'3; activate immature den-

dritic cells™; stimulate lung fibroblast proliferation and collagen
© 2018-Journal of Drugs in Dermatology. All Rights Reserved.

FIGURE 2. Activated by defensin peptides, dormant LGR6-positive
stem cells create new basal stem cells and thus stimulate the
creation of new keratinocytes.
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synthesis's; function in adaptive immunity, fertility, and wound
healing,'® and improve the function of the epithelial tight-junc-
tion barrier in human keratinocytes.”

In the last decade, products containing growth factors creat-
ed from the supernatant or the cytoplasm of human skin cells
have taken the front row in the theater of anti-aging skin care.'®
Defensins are a group of peptides that are functionally and
structurally different from growth factors (Figure 3)."

The use of defensins to specifically activate LGR6-positive
stem cells represents a novel approach to the treatment of
aging skin. Unlike prior skin care ingredients and treatments
(including growth factors) that activate and stimulate aged

FIGURE 3. Defensins are not growth factors. Defensins are a group of
antimicrobial peptides that are functionally and structurally different
from growth factors.
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cells of the skin,”™ defensins mobilize normally quiescent and
relatively undamaged stem cells.?’ The targeted and specific
use of defensins to activate LGR6-positive stem cells may pro-
vide a safer and more effective and targeted approach to skin
aging therapy. A six-week pilot study in which 22 human sub-
jects applied a skin care regimen of synthetic a-defensin 5 and
B-defensin 3 was reported in 2014 (Keller). The results showed a
global improvement in wrinkles, pores, skin’s evenness, and a
reduction in skin oil production. These encouraging results led
to the present study, which evaluates an anti-aging skin care
product containing alpha and beta defensins in 44 patients over
12 weeks.

METHODS

Study Design Overview

Institutional Review Board approval was obtained for this study
and the study was performed using Good Clinical Practice
Guidelines? as published by the U.S. Food and Drug Admin-
istration (FDA). This is an investigator-initiated study that was
registered at clinicaltrials.gov prior to subject enrollment
(#NCT02765763). All study participants who met inclusion crite-
ria and were enrolled into the study were split into two groups:
the study subjects of the full formula group (FFG) used treat-
ment contained all active substances, a three-product group
consisting of a serum, a cream, and a mask. The study subjects
of the placebo group (PG) used only vehicle formulas (no active
ingredients) in containers and a serum, cream, and mask that
were otherwise identical to the FFG. Both the study subjects
and their physicians were blinded in terms of the treatment
groups (double-blinded study). The participants were assigned
to groups by the research coordinator in a random fashion and
without the investigator’s or participant’s knowledge (a ran-
domized study). Subjects were evaluated at baseline, 6 weeks,
and 12 weeks.

Population

Forty-six female subjects participated in this study (15-16 par-
ticipants per clinical site). Inclusion criteria included female
gender, ages 40-75, any skin type, and anyone in good health
who can freely participate voluntarily and agreed to potentially
have a biopsy in the post-auricular area before and at either 6
weeks or 12 weeks after usage of the study materials. Exclusion
criteria included current use of topical or systemic anti-aging
therapy, a history of any acute or chronic disease that might
interfere with or increase the risk of study participation, chronic
skin allergies, history of skin cancer treated within the last 12
months, or insulin-depended diabetes. Also excluded were in-
dividuals who had undergone any of the following procedures:
Botulinum toxin, lasers or tissue tightening devices, or other
energy based devices used on the face or neck within 6 months
before enrollment into the study and until study completion, in-
jectable filler within 3 months before enrollment into the study

and until study completion, poly-L-lactic acid or bovine collagen
© 2018-Journal of Drugs in Dermatology. All Rights Reserved.

A.Taub,V. Bucay, G. Keller, et al

with polymethylmethacrylate at any time prior to enrollment
into the study and until study completion.

Subjects underwent a 1-week washout period to remove all
anti-aging skin care products, if any were utilized (antioxidants,
retinol or retinoid, alpha hydroxy acid, peptides, growth factors).

Participants were randomly assigned to the PG (15 participants,
4-5 per clinical site) or to the FFG (31 participants, 9-11 per clini-
cal site). Clinical sites included: (Site 1) Advanced Dermatology,
Lincolnshire and Glencoe, IL, (Site 2) Bucay Center for Dermatol-
ogy and Aesthetics, San Antonio, TX, and (Site 3) Gregory Keller
Facial Plastic Surgery, Santa Barbara, CA. The mean age of the
subjects in both the FFG and PG was 60 years. In the FFG, the
age range was 41-69 years, Fitzpatrick’s skin types I-V. In the PG,
the age range was 45-71 years, Fitzpatrick’s skin types II-IV. For-
ty-six participants were recruited and 44 participants completed
the study. There was one dropout from the FFG at Site 2 and one
dropout from PG at Site 3, (neither were product-related).

Study Procedure

A skin care regimen containing liposome-incorporated, syntheti-
cally produced biomimetic alpha-defensin 5 and beta-defensin
3, were tested in this study. The regimen (DefenAge®, Progenitor
Biologics LLC, (a division of MediCell Technologies, Carlsbad, CA)
included the 2-Minute Reveal Masque (mask applied once or twice
weekly), 24/7 Barrier Balance Cream (cream applied BID), and 8-in-
1 BioSerum (serum applied BID) either supplemented with the
performance ingredients (FFG) or without the performance in-
gredients (vehicle only, PG). Placebo product was identical to full
formula product in packaging. The lists of ingredients of full for
mula product and placebo products are shown inTable 1.

The test products (in both FFG and PG) were applied directly on
the face, postauricular, and neck skin for 12 weeks. All study sub-
jects also washed these testing areas of the skin twice daily with
Topix Non-Drying Gentle Cleanser Lotion (Ingredients: purified
water, dea-lauryl sulfate, propylene glycol, cetyl alcohol, stearyl
alcohol, hydroxyethylcellulose, methylparaben, propylparaben,
methylchloroisothiazolinone, methylisothiazoilnone, FD&C Blue
#1) and used Topix Elite Sunscreen SPF 30 (Ingredients: zinc ox-
ide 17%, purified water, C12-15 alkyl benzoate, cyclomethicone,
laurylmethicone copolyol, C13-14 isoparaffin, polyacrylamide,
ceresin, dimethicone, green tea extract, phospholipids, ascor
byl palmitate, tocopheryl acetate, retintyl palmitate, Co-Q10,
ascorbyl glucosamine, superoxide dismutase, laureth-7, sodium
chloride, methylparaben, propylparaben, diazolidinyl urea) daily
each morning after application of the testing regiment.

Study Methods

All 46 participants underwent medical imaging using the VISIA
CA (Bucay), CR (Canfield, NJ; Taub), or the 3D LifeViz (Quanti-
fiCare, France; Keller) along with evaluation of skin conditions
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Ingredients of Full Formula and Placebo

Butylene Glycol, PEG-
8, Tapioca Starch,
Sucrose, Titanium

Dioxide, Hydroxyethyl
Acrylate/Sodium
Acryloyldimethyl

Taurate Copolymer,

Squalane, Polysorbate
60, Carica Papaya

(Papaya) Fruit, Papain,

Aloe Barbadensis Leaf

Juice, Lactobacillus/
Pumpkin Ferment
Extract, Lactobacillus/
Punica Granatum Fruit
Ferment Extract, Sea

Whip Extract, Cananga

Odorata Flower Qil,
Citrus Aurantium
Dulcis (Orange) Peel
Qil, Caprylic/Capric
Triglyceride, Lactic
Acid, Phenoxyethanol,
Caprylyl Glycol,
Ethylhexylglycerin,
Hexylene Glycol.

Butylene Glycol, PEG-
8, Tapioca Starch,
Titanium Dioxide,

Hydroxyethyl
Acrylate/Sodium
Acryloyldimethyl

Taurate Copolymer,

Squalane, Polysorbate

60, Cananga Odorata
Flower QOil, Citrus
Aurantium Dulcis
(Orange) Peel Qil,

Caprylic/Capric
Triglycerid, Lactic
Acid, Phenoxyethanol,
Caprylyl Glycol,
Ethylhexylglycerin,
Hexylene Glycol.

Water (Aqua),
CarthamusTinctorius
(Safflower) Oleosomes,
Butyrospermum
Parkii (Shea)
Butter, Macadamia
Integrifolia Seed Qil,
Niacinamide, Yeast
Extract, Ammonium
Acryloyldimethyltaurate/
VP Copolymer,
Helianthus Annuus
(Sunflower) Seed
Oil, Phospholipids,
Alpha-Defensin 5, Beta-
Defensin 3, Hyaluronic
Acid, Ophiopogon
Japonicus Root Extract,
Hydrolyzed Candida
Saitoana Extract, Sea
Whip Extract,Lycium
Chinense Fruit
Extract, Vaccinium
Angustifolium Fruit
Extract, Vaccinium
Marcrocarpon Fruit
(Cranberry) Fruit
Extract, Rosmarinus
Officinalis (Rosemary)
Leaf Extract, Panthenol,
Albumin, Tocopheryl
Acetate, Ubiquinone,
L-Alanyl-L-Glutamine,
Leuconostoc/Radish
Root Ferment Filtrate,
SH Oligopeptide-1,
Xanthan Gum, Phytic
Acid, Polysorbate

20, Caprylic/
CapricTriglyceride,
Phenoxyethanol,
Caprylyl Glycol,
Ethylhexylglycerin,
Hexylene Glycol,
Potassium Sorbate,
Sodium Chloride,
Fragrance.

based in Griffiths scale (clinical evaluation by investigators).??
A punch biopsy of post-auricular skin of 7 randomly chosen
study participants (3 and 4 from PG and the FFG groups, re-
spectively, at Sites 1 and 2). Biopsies were analyzed by H and
E histopathology and immunohistochemistry analysis for
Ki67 marker by a board certified dermatopathologist (Mehre-
gan). Skin of 15 participants (Site 3) underwent non-invasive

© 2018-Journal of Drugs in Dermatology. All Rights Reserved.

Water (Aqua),
CarthamusTinctorius
(Safflower) Oleosomes,
Butyrospermum
Parkii (Shea) Butter,
Macadamia Integrifolia
Seed Oil, Ammonium
Acryloyldimethyltaurate/
VP Copolymer,
Helianthus Annuus
(Sunflower) Seed
Oil, Rosmarinus
Officinalis (Rosemary)
Leaf Extract, Xanthan
Gum, Phytic Acid,
Polysorbate 20, Caprylic/.
CapricTriglyceride,
Phenoxyethanol,
Caprylyl Glycol,
Ethylhexylglycerin,
Hexylene Glycol,
Potassium Sorbate,
Sodium Chloride,

Fragrance.

) Y
il

Water (Aqua),
Cyclopentasiloxane,
Glycerin, Niacinamide,
Sinorhizobium
Meliloti Ferment
Filtrate, Dimethicone,
Polysorbate 20,
Dimethicone/
Vinyl Dimethicone
Crosspolymer,
Lauryl PEG-9
Polydimethylsiloxyethyl
Dimethicone,
Ammonium
Acryloyldimethyltaurate/
VP Copolymer,
Phospholipids,
Alpha-Defensin 5,
Beta-Defensin 3,
Palmitoyl Tripeptide-38,
Sodium Hyaluronate,
Arabidopsis Thaliana
Extract, Sea Whip
Extract, Ergothioneine,
Helianthus Annuus
(Sunflower) Seed Oil,
Rosmarinus Offinalis
(Rosemary) Leaf Extract,
SH Oligopeptide-1,
Tocopheryl Acetate,
Ubiquinone,
Leuconostoc/Radish
Root Ferment Filtrate,
Albumin, L-Alanyl-L-
Glutamine, Caprylic/
CapricTriglyceride, Cetyl
Hydroxyethylcellulose,
Lecithin, Hydroxypropyl
Cyclodextrin, Phytic
Acid, Phenoxyethanol,
Caprylyl Glycol,
Ethylhexylglycerin,
Hexylene Glycol,
Sodium Chloride.

A ¥
||

Water (Aqua),
Cyclopentasiloxane,
Glycerin, Dimethicone,
Polysorbate 20,
Dimethicone/
Vinyl Dimethicone
Crosspolymer,
Lauryl PEG-9
Polydimethylsiloxyethyl
Dimethicone,
Ammonium

Acryloyldimethyltaurate/

VP Copolymer,
Helianthus Annuus
(Sunflower) Seed Oil,
Rosmarinus Offinalis
(Rosemary) Leaf
Extract, Caprylic/Capric
Triglyceride, Phytic
Acid, Phenoxyethanol,
Caprylyl Glycol,
Ethylhexylglycerin,
Hexylene Glycol,
Sodium Chloride.

multi-parameter skin testing using DermalLab® SkinLab Com-
bo Suite (CortexTechnologies, Denmark). The testing included
high-resolution skin ultrasound (dermis), the measurements
of transepidermal water loss (TEWL), skin elasticity, skin col-
or (melanin), and skin hydration. In addition, individual skin
health scores (evenness, pores, and oiliness) for the same
15 study participants were calculated using 3-dimensional
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Pores None visible Mildly enlarged

Superficial Wrinkles None visible Mild
Deep Wrinkles None visible Mild
Light

Hyperpigmentation No hyperpigmentation hyperpigmentation

involving small areas

Minimal-barely

None visible .
perceptible erythema

Erythema

Minimal-barely
perceptible
desquamation

Scaling and Dryness None visible

image analysis of LifeViz App (QuantifiCare, France) and then
compared to QuantifiCare's reference population database of
normal aging skin, adjusted for age, sex, and skin type; the
3-dimensional high-resolution micro-imaging of skin surface
of those participants were taken using micro imaging system
(QuantifiCare, France).

Griffiths scale
We have used the original scale described by Griffiths.?? Spe-
cific skin attributes are shown inTable 2.

Statistical Methods
All statistical analysis was performed using R (Ver. 3.4.1). Sig-
nificance was set a priori at P<0.05.

Two-sample student’s t-test was used to compare the improve-
ment at 6 weeks and 12 weeks between the two groups (PG vs
FFG) for each of the parameters for analysis of the data acquired
using Cortex and QuantifiCare systems, and histopathology (epi-

dermal thickness) and immunohistopathology (Ki67) data.
© 2018-Journal of Drugs in Dermatology. All Rights Reserved.

Moderately enlarged,
localized- large areas

Moderate, localized to
large areas

Moderate, localized-
large areas

Moderate
hyperpigmentation
involving small
areas; light
hyperpigmentation
involving moderate
areas

Mild-predominantly
minimal erythema
(pink) in the treated
area with or without a
few isolated areas of
more intense erythema

Mild-limited areas of
fine desquamation
in up to 1/3 of the
treatment area

Moderately enlarged,
large areas

Moderate, large areas

Moderate, large areas

Moderate
hyperpigmentation
involving moderate

sized areas; light
hyperpigmentation
involving large areas;
small areas of marked
hyperpigmentation

Moderate-
predominantly
moderate erythema
(red) in the treated
areas with or without
a few isolated areas
of intense erythema
(bright red)

Moderate-fine
desquamation
involving 1/3 to 2/3 of
the treatment area or
limited areas of coarser
scale

Markedly enlarged,
local or large areas

Marked, local or large
areas

Marked, local or large
areas

Marked
hyperpigmentation
involving moderate or
large sized areas

Severe-predominantly
intense erythema
(bright red) in the

treated area with or
without a few isolated
areas of very intense
(fiery red) erythema

Severe-coarser scaling
involving more than
2/3 of the treatment

area or limited areas of
very coarse scaling

Descriptive summaries are expressed as means +/- standard

deviation (SD).

Fisher’s Exact test was used to compare the improvement per-
centage at 6 weeks and 12 weeks between the two groups (PG
vs FFG) to analyze the Griffiths scale data. Descriptive summa-
ries are expressed as frequency and percentage.

RESULTS

The histopathological analysis revealed an increase of the
epidermal thickness in all four participants of the FFG as-
signed for skin biopsy and less or no increase in the PG.The
increase in epidermal thickness in the FFG was 0.09+0.02
mm (average) vs 0.02+0.03 mm in the PG (P=0.027; Figure
4A, B, C).

The regimen did not appear to cause inflammation, as was
seen in the histopathology analysis via lack of inflammatory
cells and absence of spongiosis in FFG (also none seen in
PG; Figure 4D). The microscopic lack of inflammation was
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FIGURE 4. The Full Formula causes thickening of the epidermis and dermis without visible signs of inflammation or significant increase in number of
proliferating cells. (A) Thickness of epidermis (average per group, mm) measured on histology samples collected after 6 or 12 weeks of treatment.
The mean differences between baseline and after treatment are shown. (B, C) Hematoxylin and Eosin staining of skin biopsy samples collected from
participants of the Full Formula group: participant #4 (B) and #10 (C). The images indicate an increased number of keratinocytes in the epidermis and
the thickening of the epidermis, observed in all participants of the Full Formula group assigned for histopathological evaluation. Photos were taken at
10x magnification. (D) Hematoxylin and Eosin staining of skin biopsy samples collected from participant #10 of the Full Formula group demonstrates
the lack of signs of inflammation after 12 weeks of treatment. Photo was taken at 10x magnification. (E) Number of Ki-67 positive cells (average per
group) counted in biopsy samples collected after 6 or 12 weeks of treatment indicates that the Full Formula and placebo formulas did not cause
significant proliferation in the skin. The mean differences between baseline and treatment are shown.
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Product Tolerance Demonstrated by Participants of Full Formula Group

Griffiths Scale Erythema
Scaling and Dryness
Dry Skin
Facial skin tightness after washing
Facial skin is uncomfortable during day
Sensitivity to skin care/the skin care regimen
Consumer Survey Sensitivity to cold weather
Redness
Pimples or small red bumps

Tingling, stinging or burning when
cosmetic products are applied

Griffiths scale score key (scale from 0 to 4): 0 — none visible, 4 — severe condition.
Consumer survey score key (scale from 1 to 7): 1- very poor condition, 7 - outstanding condition.

also confirmed clinically by the excellent product tolerance;
erythema, scaling, and dryness were the same in the FFG
and the PG and were improved in both groups over 12 weeks
(Griffiths scale) as well as via responses of the study partici-
pants on questions relating to product tolerance in consumer
survey (Table 3).

There was no significant change in the number of proliferat-
ing cells of either the PG or FFG, as determined by the number
of positive cells in the biopsy samples stained for Ki67-protein
(immunohistochemistry?; Figure 4E).

In the subset of 15 patients at Site 3, dermal thickness was
measured by high-resolution skin ultrasound using the Cortex
system. The average dermal thickness in the FFG (11 subjects)
was increased from 1.49 mm at baseline to 1.51 mm after 6
weeks and to 1.53 mm at 12 weeks (Figure 5A, Table 4). The PG
(4 subjects) did not demonstrate an increased dermal thickness
(average dermal thickness was 1.28 mm, 1.22 mm, and 1.26 mm
at baseline, 6 weeks, and 12 weeks, respectively; Table 4). Al-
though these numbers suggest a trend, statistical significance
was not achieved.

Direct measurement of hematoxylin-eosin stained samples of
the skin biopsies was performed at Sites 1 and 2. One FFG par-
ticipant had a >80% increase in dermal thickness (from 1.25 mm
at baseline to 2.28 mm after 12 weeks of treatment; Figure 5B).
No PG participants demonstrated comparable data.

Clinical evaluation by Griffiths scale (42 subjects: 28 FFG and
14 PG group) revealed at least a one-grade improvement in

visible pore size for the FFG vs PG at baseline compared to
© 2018-Journal of Drugs in Dermatology. All Rights Reserved.
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1.17 1.2 1.1
0.63 0.43 0.39
3.62 5.28 5.37
3.69 55 5.1
5.17 558 5.96
5.18 5.63 5.78
4.41 5168 6.08
4.17 4.79 5.31
4.55 5 5.07
5.24 5.83 6.19

week 12 (P=0.036).This result was validated by the QuantifiCare
analysis (12 subjects: 8 FFG and 4 PG) that demonstrated a sig-
nificant improvement of the skin quality associated with visible
pores at baseline compared to week 12 in the FFG vs the PG
(P=0.021; Figure 6A). The 3-dimensional imaging confirms this
observation (Figure 6B). It was notable that the treatment with
the full formula caused not only the appearance of significant
reduction in the number of visible pores, but also pore size and
pore depth were reduced (Figure 6B).

While analyzing visible superficial wrinkles, we excluded all
participants who had Griffiths Score 1 or 0 from the analysis.
We surmised the moisturization provided by both the sun-
screen and the cleanser may partially mask the effect from
the tested treatment in mild aging. Therefore, in the analysis
of superficial wrinkles using Griffiths scale we included only
participants who scored 2, 3, or 4 at baseline (moderate and
severe conditions). 21 participants of 25 of the FFG demon-
strated at least 1 grade improvement in superficial wrinkles at
week 6 or week 12 when evaluated in accordance with Griffiths
scale, while in the PG only 6 participants of 12 showed any
improvement.The result was statistically significant (P=0.048);
the 3-dimensional- (Figure 7A, 7B) and micro- (Figure 7D) im-
aging confirm this observation. A clinical example of wrinkle
reduction is shown in Figure 8.

A combined analysis of parameters was also performed in
the subgroup of patients who scored 3 or 4 at baseline (mod-
erate- severe condition) in all: pores, superficial, and deep
wrinkles. Nine participants from the FFG and three partici-
pants of the PG qualified for this inclusion criteria. While 7 of 9
participants (78%) from the FFG demonstrated improvement
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FIGURE 5. Some participants of the Full Formula group demonstrated TABLE 4.
increase in dermal thickness. (A) High-resolution skin ultrasound Dermal Thickness Measured by High-Resolution Skin Ultrasound

demonstrates the increase in dermal thickness in the best participant “ a ‘
(#18). Dermis area is highlighted in red. Original ultrasound image is
shown above the red-highlighted image. Image was acquired using m m m
the High-Resolution Ultrasound Skin-Imaging System (DermalLab® 26 1938 1211 1.938
SkinLab Combo, Cortex Technologies, Denmark). (B) Hematoxylin
and Eosin staining of skin biopsy samples collected from participant 28 1.264 1.132 1.264
#10 of the Full Formula group, showing increased dermal thickness. Placebo 29 1.369 1.317 1.264
Photos were taken at 10x magnification.
30 1.264 1.238 1.264
(R) Average per group 1.283 1.224 1.257
16 1.501 1.317 1.106
. 17 1.58 1.606 1.396
base“ne 18 1.422 1.764 2.001
4 19 1.659 1.685 1.738
20 1.554 1.606 1.606
l Full 21 1.659 158 1.606
Formula 22 1.475 1554 1.791
23 1.343 1.343 no data
24 1.369 1.422 no data
25 1.685 1.554 1.369
51 1.159 1.211 1.185
Average per group 1.491 1.512 1.5633

in all three criteria at week 6 or week 12, no participants of 3
(0%) in the PG had such improvement (Table 5); the result was
statistically significant (P=0.045).

(B)
All 4 participants (100%) from the FFG who were randomly

assigned to histopathological evaluation demonstrated an in-
crease in the epidermal thickness and as well at least one grade
improvement in ALL of the following: pores, hyperpigmenta-
tion, superficial, and deep wrinkles at week 6 or week 12 (Table
6). In contrast, zero participants of the PG (out of 3) who un-
derwent histopathological evaluation, had improvement in all
five parameters together (epidermal thickness, pores, hyper-
pigmentation, superficial, and deep wrinkles). This observation
was also statistically significant (P=0.029).

Site 3 had means of evaluation utilizing 3D LifeViz (Quantifi-
Care, France) and Dermalab® SkinLab Combo suite (Cortex
Technologies, Denmark).

The QuantifiCare analysis (12 subjects: 8 FFG and 4 PG) dem-
onstrated a significant improvement in the score of “evenness”
(Figure 9A; defined as the measurement of skin surface irregu-
larity), as well as the score of “oiliness” (shiny parts of the skin,
S in association with pores, highlighting parts exhibiting sebum
- abnormalities; Figure 9B). These measurements were based on

y - L ..
1 2 wee kS baseline values compared with week 12 in FFG vs PG: P values
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FIGURE 6. Reduction of visible pores with the full formula. (A)
Graphs represent position of tested persons (average per group)
above population (QuantifiCare’s reference data base: people

of similar age, sex and skin type) in the parameter “Pores”. The
scores are provided on a scale between -2 and +2 representing the
standard deviation relative to a matching population with respect
to age, gender, and skin type (Fitzpatrick scale). +2 translates to
excellent skin condition (undetectable pores). -2 translates to poor
skin condition (clearly visible pores). Pores were identified as

the deepest pores in the region of interest (forehead) expressed

as a percentage of all identified pores. Analysis was performed
using QuantifiCare Clinical Imaging System (France). The mean
differences between baseline and after treatment are shown. (B)
3-dimensional images of patient’s skin (forehead; participant #51)
demonstrating the reduction of visible pores. Images were acquired
using 3D LifeViz Il clinical imaging system (QuantifiCare, France).
3D-analysis and color indication have been performed using Skin
Care module of LifeViz App (QuantifiCare, France): the deepest
areas of pores are shown in blue, the low-profile pores are shown in
red-yellow.

(A)
at 12 weeks
2
¢
B
§
£
2
e
f=9
E
0
- Placebo Full Formula
(B)

baseline
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FIGURE 7. Reduction of visible wrinkles with the Full Formula.

(A) 3-dimensional images of paticipant’s skin (forehead). Images

were acquired using QuantifiCare 3D LifeViz Il clinical imaging
system. 3D-analysis and color indication have been performed using
QuantifiCare Skin Care module of LifeViz App: the deepest areas of
wrinkles are shown in blue, the low-profile wrinkles are shown in
red-yellow. Participant # 51. (B) 3-dimensional reconstruction. Images
were acquired using QuantifiCare 3D LifeViz Il clinical imaging system.
Participant #22. (C) Micro-imaging (QuantifiCare -MICRO clinical
imaging system). Participant #16.

(A)

6 weeks

baseline 6 weeks
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FIGURE 8. Reduction of wrinkles with the Full Formula. High resolution photograph using Canfield CR of participant #10 in the FFG at baseline (A) and
after 12 weeks (B).

(A) (B)

were 0.023 for evenness and 0.008 for oiliness. Participants #22, and 4 placebo) showed the average pigmentation index
#23, and #24 (all FFG) were excluded from the QuantifiCare anal- in the FFG was decreased from 42.09 to 40.35 after 6 weeks
ysis of skin's oiliness, evenness, and pore size due to the missing treatment (Figure 9C).The PG did not demonstrate improvement
data on week 12 (no measurements). (pigmentation indexes were 41.45 and 41.52 at baseline and 6

weeks, respectively). This finding was statistically significant
Pigmentation was also significantly reduced, as measured

by the SkinLab Combo Suite. Site 3 subjects (11 full formula TABLE 6.

Epidermal Thickening Led to Improvement in All: pores,

TABLES.

Comprehensive Improvement of Participants With the “Worst”

hyperpigmentation superficial and deep wrinkles

Skin Conditions

Full Formula 9 7 (78%) Full Formula 4 4(100%)
Group Group
Placebo o Placebo o
Group 3 DA Group ° 0 (0%)
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FIGURE 9. Improvement of skin's evenness, oiliness, and color with the full formula. (A, B) Graphs represent position of tested persons (average per
group) above population (QuantifiCare’s reference data base: people of similar age, sex, and skin type) in the parameters “Evenness” and “Oiliness”
respectively. The scores are provided on a scale between -2 and +2 representing the standard deviation relative to a matching population with respect to
age, gender, and skin type (Fitzpatrick scale). +2 translates to excellent skin condition. -2 translates to poor skin condition. Evenness was identified as a
global measurement of skin surface irregularity in region of interest (forehead) depending on the fine or coarse texture of the skin. Oiliness was identified
as shiny parts of the skin, in association with pores, highlighting parts exhibiting sebum abnormalities. Analysis was performed using QuantifiCare
Clinical Imaging System (France). The mean differences between baseline and after treatment are shown. (C) Treatment with full formula led to
brightening skin during 6 weeks of treatment. Skin color was measured using DermalLab® SkinLab Combo (Cortex Technologies, Denmark). The mean
differences (pigmentation index) between baseline and after treatment are shown.

(A) (B) (C)
[ al 12 weeks al 12 weeks at 6 weeks
2‘
1
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@
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(=]
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- B
-1
14 1 1
Placebo Full Formula Placebo Full Formula Placebo Full Farmula

(P=0.016). Clinically, reduction of melanin was noted in a variety
of patients (Figures 10,11).

Transepidermal water loss (TEWL) and skin conducting prop-
erties (hydration) were measured by this system also. The
average TEWL in the FFG (11 subjects) was decreased from
32.54 mg/cm?hour at baseline to 11.24 mg/cm?hour after 6 weeks
and to 15.02 mg/cm?%hour at 12 weeks. The PG (4 subjects) did
not demonstrate improvement in TEWL, the average TEWL were
19.03 mg/cm?hour, 15.68 mg/cm?/hour, and 24.20 mg/cm?/hour
at baseline, 6 weeks, and 12 weeks, respectively. However, the
P value was >0.05. The average skin electrical conductance in the
FFG (8 subjects) was increased from 174.6 uS at baseline to 224.3
pS at week 12 (increasing skin conductivity reflects increased hy-
dration). The average skin conductance in the PG (3 subjects) was
184.0 pS and 185.1 uS at baseline and 12 weeks, respectively. Al-
though a trend was noted favorably in the FFG, no significance
was established. Participants #23 and #24 (both FFG) were exclud-
ed from the analysis of TEWL and skin hydration at week 12 due
to the missing data (no measurements). Participants # 26 (PG) and
#21 (FFG) were excluded from the analysis of skin hydration due
to incorrect measurements either at baseline or week 12.

Skin elasticity in a subset of 8 patients (6 FFG, 2 PG) was mea-

sured using the SkinLab Combo. The average skin retraction
© 2018-Journal of Drugs in Dermatology. All Rights Reserved.

time in the FFG was decreased from 450 ms at baseline to
321 ms at week 12; the times in the PG were 589 ms and 598
ms at baseline and 12 weeks, respectively, demonstrating no
improvement (Figure 12). However P value was >.05. Partici-
pants #16, #17, #23, and #24 (all FFG) were excluded from the
analysis of skin elasticity due to the missing data at baseline
(#16 and #17) or week 12 (#23 and #24; no measurements).
Participants #29 (PG), #30 (PG), and #18 (FFG) were excluded
from the analysis of elasticity due to incorrect measurements
at week 12, electrical conductance (hydration) and retraction
time (elasticity) are both very technically difficult methods.

Using a high-resolution skin ultrasound, a sub-epidermal low
echogenicity band (SLEB) was analyzed. We observed that 4/9
in the FFG who underwent SLEB evaluation demonstrated
improvement of signs of elastosis (Figure 13). For example,
participant #20 demonstrated the reduction of SLEB from 0.974
mm to 0.895 mm at 6 weeks. Zero PG participants demonstrat-
ed comparable data.

DISCUSSION

The present study shows that the full formula skin care prod-
ucts containing the messaging peptides alpha- defensin 5 and
beta defensin 3: (1) globally improve the visual appearance
of aging skin, (2) do not stimulate proliferation of cells based
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FIGURE 10. Improvement in melanin Participant #32 in FFG at baseline (A) and at 12 weeks (B).
(A)

(B)

FIGURE 11. Improvement of melanin in Participant #42 in FFG at baseline (A) and at 12 weeks (B).

(A)
|

on no noted increase in the cancer-associated Ki67 marker,
(3) improve specific multiple manifestations of aging skin, (4)
thickens the epidermis without the irritation, dryness, or inflam-
mation associated with retinols, and (5) is effective in a variety
of skin types. These observations support the mechanism of
action hypothesis that defensins activate the body’s own skin

stem cells to generate healthy new epidermal cells.
© 2018-Journal of Drugs in Dermatology. All Rights Reserved.

(B)

The defensins specifically stimulate young and “preserved”
LGR6-positive stem cells.” These skin’s master stem cells
(“master“because these give rise to the entire lineage of the

epidermal cells)®® accumulate less mutations and damage than
actively proliferating basal stem cells due to their quiescent sta-
tus and “safe” residence in the isthmus, which is not as directly
exposed to UV radiation as basal stem cells.?’ By activating

This document contains proprietary information, images and marks of Journal of Drugs in Dermatology (JDD).

No reproduction or use of any portion of the contents of these materials may be made without the express written consent of JDD.

If you feel you have obtained this copy illegally, please contact JDD immediately at support@jddonline.com

JO0418



To order reprints or e-prints of JDD articles please contact sales@jddonline.com

438

JOURNAL OF DRUGS IN DERMATOLOGY
ApriL 2018 « VOLuME 17 e« Issuk 4

A.Taub,V. Bucay, G. Keller, et al

FIGURE 12. Improvement of skin’s elasticity with the Full Formula.
Skin elasticity was evaluated based on the measurement of skin’s
retraction time after suction applied to the skin surface. The
measurement was performed using DermalLab® SkinLab Combo
(Cortex Technologies, Denmark). The mean differences (retraction
time) between baseline and after treatment are shown.

at 12 weeks

200

2

Feduction of retraction time
o

{improvamant of elasticity)

Flacebo

LGR6-positive stem cells, there would be differentiation and
proliferation of less damaged keratinocytes. Thus, using a dor-
mant resource of our own body, defensins may stimulate the
LGR6-positive cells to create a relatively new and “fresh” epi-
dermis.

In contrast, topical products that contain a variety of growth
factors activate fibroblasts, keratinocytes, endothelial cells,
macrophages, and other cellular elements that are not
“young” cells; they have been present in the skin for an un-
determined length of time and subject to mutation and other
damaging elements during their lives. Stimulation of these
“old” cells by growth factor cosmeceuticals would thus pro-
duce more cells potentially damaged by mutation, and/or cells
with reduced function due to senescence unlike defensin-ac-
tivated LGR6-positive stem cells, which produce these newer,
non-mutated, and higher functioning skin cells.

Topical growth factors emerged as potential agents for skin
rejuvenation’™?* about 15 years ago. Drawbacks are that they
are unstable when not in their original environment, and that
surfactants, oils, and other inactive substances in topical
formulations can denature and inactivate them.?® In contrast,
defensin-peptides in the full formula are encapsulated in lipo-
somes that prevent their contact with excipients and provide
a physiologic microenvironment. With growth factors, penetra-
tion through the epidermis is limited by their high molecular
weight (20-150 kDa) and hydrophilic nature.” The target for
stimulation (LGR6-positive stem cells) of the defensins (that
have molecular weight of just 3-5 kDa) is located in the hair
follicle which can be easy reached through the follicular orifice
without the need to penetrate through stratum corneum. The

© 2018-Journal of Drugs in Dermatology. All Rights Reserved.

FIGURE 13. Some participants of the Full Formula group demonstrated
improvement of signs of elastosis. The appearance of elastosis

was evaluated based on the appearance of a subepidermic low.
echogenic band (SLEB). Image acquisition and measurements were
performed using the High-Resolution Ultrasound Skin-Imaging
System (Dermalab® SkinLab Combo, Cortex Technologies, Denmark).

Participant #20

Participant #23

liposome solution also contains a high concentration of recom-
binant albumin, which acts as a carrier protein?® that protects
the active molecules from degradation and is commonly used
in cell therapies for stabilization of cytokines??; albumin also
helps to preserve proper structural conformation of the defen-
s;ins,26 thus ensuring their physiologic functionality.

Another concern with growth factors is that in stimulating ag-
ing cells, they may also stimulate carcinogenesis, especially if
growth factors are up-regulated.”™ This concern is supported
by the presence of receptors for growth factors on melanoma
cells and the expression of specific growth factors by malignant
cells.® Although an FDA investigation showed that the potential
for carcinogenesis requires concentrations of growth factors
much higher than those found in topical products, the possi-
bility still exists that older skin cells may have already mutated
to cutaneous malignancy. Growth factors secreted by in vitro
cultured human cells are widely used in cosmetic products.®
A variety of sources of human cells is used including human
fibroblasts, mesenchymal stem cells, and placental stem cells.?®
Over several decades of cancer research, hundreds of peer
review studies unlocked the mechanisms of carcinogenesis,
gene expression pathways involved in tumor formation, and
specific role of growth factors that may alter and/or stimulate
cancer-associated gene-regulatory mechanisms.®*® This com-
prehensive knowledge brings a number of concerns relating
to the use of undefined compositions of growth factors for
skin care purposes. For example, transforming growth factor-
beta (TGF-B), also known as a tumor growth factor, is present
in most of the conditioned media.?'*? Multiple cancer research
studies show thatTGF-B is a potent trigger of the cancer-related
pathways.****TGF-B overproduction, as a driver of the fibrotic
process of chronic phases of inflammatory diseases, precedes
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tumor formation and prepares a favorable microenvironment
for cancer cells.%:3

Defensins, however, have not been linked with cancer and
some tissues respond to tumor growth by enhanced expres-
sion of defensins as a natural protective immune response.®’
Studies also show the ability of defensins to suppress tumor
growth both in vitro and in vivo.'% 340

Immunochemical analyses of biopsy specimens in the present
study failed to reveal an elevated number of epidermal cells
expressing Ki-67, a DNA-binding nuclear protein expressed
throughout the cell cycle in proliferating but not dormant cells.*'
As a biomarker, Ki-67 has significant prognostic and/or predic-
tive value in cancers such as cutaneous malignant melanoma,*
basal cell carcinoma,® breast* prostate,® and colorectal.*
Overexpression of Ki-67 is also associated with malignant mela-
noma,* and cancers of the brain,*® kidney,* lung,**%*' ovary,*
and thyroid gland.®® Although the findings of the present study
do not prove the absence of an association of the full formula
with skin cancer, it supports the contention that the full formula
does not appear to stimulate carcinogenic properties of cells by 4
factors: 1) the tumor associated Ki-67 antigen was not increased
in the study period, 2) defensins have been associated with natu-
ral tumor immunity, 3) defensins stimulate new cells that should
be mutation-free, and 4) defensins are very specific in their target
whereas growth factor mixes have multiple targets, making it
more difficult to track their adverse effects.

The efficacy of topical retinoids, particularly tretinoin, for the
treatment of photoaged skin is well established.5**° Biopsies
of patients treated daily with tretinoin cream (0.001-0.1%) for
3 to 6 months show compaction of the stratum corneum, in-
creased number of granular layers, epidermal thickening, and a
reduction in epidermal melanin.%*% Characterized by erythema,
peeling, pruritis, and burning at the treated sites, the “retinoid
effect” is also well known.% 62 This effect is thought to start by
the release of proinflammatory cytokines such as IL-1, TNF-q, IL-
6, and 1L-8,%%%* a hypothesis supported by the work of Kim and
colleagues®’ who showed that retinol-induced inflammation
was mediated by changes in the mRNA expression of pro-in-
flammatory cytokines. Retinoid therapy is also associated with
photosensitization, which typically begins early in therapy.®°

The present study shows that treatment with the full formula
significantly increases epidermal thickness as seen in the histo-
pathological analysis, an observed result that is similar to those
seen in topical treatments containing retinol,® but the full for
mula achieved this without accompanying inflammation.®°6'6¢ |n
addition, the full formula reduced pigmentation and also may
have a benefit of increasing the skin’s immunity against cancer.
These are all things routinely touted as advantages of retinol and

retinoids, yet they were accomplished by the full formula without
© 2018-Journal of Drugs in Dermatology. All Rights Reserved.
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the adverse effects of peeling, erythema, and diminished compli-
ance that are found with retinol.

The full formula products also specifically and significantly re-
duced visible pores, coarse and fine wrinkles, oiliness, evenness,
and pigmentation. Improvements in pores and in both coarse and
fine wrinkles were shown clinically by the Griffith scale data, and
objectively by three-dimensional imaging. The observations also
correlated with the significant improvement of skin's evenness—
a global measurement of skin surface irregularity and roughness
depending on the fine or coarse texture of the skin, that was
measured using QuantifiCare system. In addition, the significant
improvement in pores was confirmed by actual measurement of
the pores using the QuantifiCare technology that evaluated pore
size, number of pores, and pore depth. Reduction in pigmentation
was shown and-quantified by the Cortex system, and improve-
ment on skin’s oiliness was measured by QuantifiCare system.

Enlarged pores is achronicand frequent complaint of patients,
even in those without acne. It has never had a real histopatho-
logic construct and we don’t know the etiology for these in
aging. However, reducing pore size is a unique finding for a
skin care product that does not possess any exfoliating ca-
pacity. A conundrum of aging is the combination of enlarged
pores and dryness, leading often to frustrated patients who
are desirous of using retinol due to its anti-aging and pore-re-
ducing properties, but cannot due to the concomitant irritation
and xerosis experienced. The full formula product may be the
first to offer the unique combination of thickened epidermis,
reduced pore size, and reduced wrinkles without an increase
in inflammation or irritation and without any reduction of stra-
tum corneum, with its attendant increase is sun sensitivity.

In fact, in analyzing the data further we have found that 78% of
the participants who had severe conditions in all 3 parameters
(enlarged pore size, superficial, and deep wrinkles) at baseline,
had significant improvement in all three parameters after treat-
ment. Zero participants (0%) in the PG have demonstrated this
finding. Moreover, participants of the FFG in the subset of pa-
tients who had biopsies who improved in epidermal thickness
also improved in all: pores, superficial and deep wrinkles, and
hyperpigmentation, whereas zero participants in the PG dem-
onstrated similar improvement. This observation is consistent
with the proposed mechanism of action being the activation of
LGR6-positive stem cells, leading to creation of a “new epider-
mis” (new and young epidermis cells). This should result in the
normalization of the entire epidermis and ultimately to global
improvement of the skin— exactly what was observed when im-
provement was analyzed as a complex of skin parameters.

These results show that the defensin-containing trio of prod-
ucts offer most of the advantages of time-honored retinols
as well as newer but widely used growth-factor containing
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cosmeceuticals, without irritation or inflammation, sun-sensi-
tivity, or concerns about neoplasia of the treated skin.

CONCLUSION

An alpha- defensin 5 and beta-defensin 3 containing skin care
regimen of 3 products (1) globally and statistically significantly
improves the visual appearance, coarse and fine wrinkles,
appearance of pores, uneven texture, and thickness of the
epidermis of aging skin without the irritation and dryness or in-
creased sun-sensitivity associated with the use of retinols, and
(2) stimulates skin rejuvenation without apparent carcinogenic
risk. The data is consistent with the proposed mechanism of ac-
tion that defensins activates the body’s own dormant stem cells
to generate healthy new epidermal cells. Collectively, these find-
ings may represent a paradigm shift in cosmeceutical skin care.
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