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pose a threat to human skin health globally despite widespread sunscreen usage and sun awareness
campaigns. Despite this, very few studies examine the critical changes in gene expression and DNA
repair activity following recommended topical solar protection and repair strategies to ameliorate the harmful effects of ultraviolet,
visible light and near-infrared radiation.

Purpose: To investigate alterations in gene expression following topical solar protection and solar repair strategies.

Methods: Using epidermal keratinocytes and dermal fibroblasts derived from a 3-dimensional reconstructed human skin model, gene
expression was assessed via the Genemarkers Standard Skin Panel using 112 genes deploying two analytical techniques: DNA
microarray and quantitative real-time PCR exploration. Tissues were inoculated with products then collected after 24 hours following
application of solar protection formulations and 16 hours following solar repair formulations (The Essential Six, RATIONALE,
Victoria, Australia).

Results: A DNA microarray revealed 67 genes that were significantly up-regulated or down-regulated following the treatment. The
quantitative real-time PCR revealed that, in comparison to the control, the genes encoding Intercellular Adhesion Molecule 1
(ICAM1), Metallothionein 1A (MT1A), Prostaglandin-Endoperoxide Synthase 1 (PTGS2), Late Cornified Envelope 3D (LCE3D),
Peroxisome Proliferator Activated Receptor (PPARD), and Granulocyte/Macrophage Colony Stimulating Factor 2 (GM-CSF2) have
been up-regulated following usage of the solar protection regime, 1.87, 861.16, 4.34, 1.91, 1.06, and 3.6, respectively. ICAM1, MT1A,
PTGS2, LCE3D, PPARD, and GM-CSF2 were up-regulated following use of the solar repair regime, 3.78, 2.98, 14.89, 5.09, 2.42, and
13.51, respectively.

Conclusion: This study demonstrates that a specific solar protection and repair regime upregulated genes involved in photoprotection
and repair mechanisms in a 3-dimensional (3D) reconstructed human-like skin model.

Keywords: gene expression, anti-photoageing, anti-photoimmunosuppression, antioxidant, photoprotection, DNA repair

Introduction

The composition of the sun’s incident solar energy is approximately 50% near-infrared (NIR), 40% visible light (VL) and
10% ultraviolet (UV) radiation."* In recent decades, world-wide educational campaigns have been launched with the aim
of preventing solar skin damage and photoaging, leading to the widespread adoption of sunscreen use. Yet despite the
universal desire to avoid skin cancer, photodermatoses, photoimmunosuppression and photoageing, solar skin damage

continues to pose a threat to human health worldwide.”®
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Accumulating evidence elucidates the combined deleterious effects of VL and NIR solar energy when combined with
UV radiation. Daily and sustained solar exposure to the sun’s total energy output is increasingly being implicated in the
widespread detection of skin cancer and cutaneous photodamage.””’

It has previously been reported that NIR emitted from the sun can be considered as a catalyst for skin ageing. When
innate NIR protection is inadequate or impaired, solar NIR will induce harmful effects including photodermatoses, skin
ptosis, vasodilation, sagging, muscle thinning and possibly photocarcinogenesis following sustained, accumulative
exposure.Z*7

In previous studies, the authors reported the lack of global sunscreens (SPF50+, PA+++ or ++++) capable of
protecting skin against the entire solar spectrum (UV, VL and NIR). Daily skin health regimes that go beyond daily
sunscreen use to include immune-enhancing, antioxidant, barrier restoration, pH recalibration and DNA repair strategies
are now widely recommended by dermatologists worldwide.*

Interestingly, the solar protection and repair regime investigated in previous studies also provided significant
improvements in terms of skin texture, appearance, clarity, and firmness as demonstrated in multidimensional assess-
ments (2D and 3D). Most patients participating to the self assessment studies reported high levels of satisfaction. As
the effects of solar energy (UV, VL, NIR) on the skin are now understood to be the major cause of skin ageing, it is
reasonable to hypothesize that this skincare approach is able to provide optimal protection and repair of solar damage
including photoageing and immunosuppression.*~

Antiageing strategies using skincare topicals with active agents demand scientific proof of efficacy, and one
investigation in this realm involves gene expression testing.® '’ Despite this, there remain few studies that examine
gene expression changes and DNA-mitigated skin protection and repair activity following solar protection and repair
strategies ranging from UV through to NIR radiation.

To investigate alternations in gene expression following solar protection and solar repair strategies, we assessed
changes in gene expression activation or inhibition using various DNA assay and analysis methods on a 3D human skin
model containing epidermal keratinocytes and dermal fibroblasts.

Methods
Skin Model

The selected human skin in-vitro replica of full thickness skin (Figure 1) is a reconstructed multilayered 3D human skin
model. It contains normal, human-derived epidermal keratinocytes (NHEK) and normal, human-derived dermal fibro-
blasts (NHFB) (EpiDermFT, MatTek, MA, USA). The EpiDermFT system used in this study consists of NHEK and
NHFB. The cultures of NHEK and NHFB are configured to replicate a human multilayer and highly differentiated
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Figure | Histology of EpiDermFT. H&E stained paraffin section reveals epidermis containing basal, spinous, granular keratinocytes and stratum corneum. Dermis contains
numerous viable fibroblasts (400X).
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epidermis and dermis. The skin model is composed of epidermally organized basal, spinous, granular, and cornified
epidermal layers similar to those in human (in-vivo) skin anatomy. The dermal compartment contains a collagen matrix
incorporating viable normal human dermal fibroblasts (NHDF). The EpiDermFT system is active on a mitotic and
metabolic level.

The model presents various markers inherent to mature in vivo epidermal differentiation (pro-filaggrin, the K1/K10
cytokeratin pair, involucrin, and type I epidermal transglutaminase) as well as structural markers (keratohyalin granules,
tonofilament bundles, desmosomes), specifically the intercellular lamellar lipids layered in a similar pattern to in situ epidermis.

Additionally, the dermal/epidermal junction (DEJ) is supported by a well-defined basement membrane. Other markers
demonstrating the similarity of the EpiDermFT system with the in-vivo skin model include the presence of hemidesmo-
somes, lamina lucida, lamina densa, anchoring fibril structures, structural and signalling proteins (collagen IV, laminin,
collagen VII and integrin a6). EpiDermFT is most commonly used for anti-aging, collagen synthesis, wound healing, and
photoprotection studies. Clear and straightforward protocols utilize modern-day techniques to study gene and protein
expression, cytokine release, histological changes, and other skin-specific markers. In order to obtain high reproducibility
levels, the EpiDermFT tissues have been produced following Good Manufacturing Practice (GMP) procedures.

Structurally and morphologically, the NHEK and NHFB arrays are remarkably accurate in replicating consistent and
reliable levels of differentiation and intercellular activity analogous to human skin.

Topical Skincare Formulations

The skincare formulations (The Essential Six from RATIONALE, Victoria, Australia) used to conduct this study
represent a comprehensive topical regimen to protect skin from solar assault during the day and repair environmental
damage at night. Each formulation is a specific combination of 50 to 100 compounds grouped and listed by function or
nature below (Table 1).

Table | Solar Protection and Repair Formulation Compositions by Function or Nature

Solar Protection Formulations Solar Repair Formulations

#| The Serum #2 The Serum #3 The Tinted Serum #4 The Créme #5 The Serum #6 The Night
Créme
Vitamin B, E Vitamin A, C, E Vitamin B, E, D precursor Vitamin C, E Vitamin A, E

Complex and
Essential Fatty Acids

Complex and
Essential Fatty Acids

Complex and Essential Fatty
Acids

Complex and
Essential Fatty Acids

Complex and
Essential Fatty Acids

15 Amino Acids

15 Amino Acids

15 Amino Acids

15 Amino Acids

15 Amino Acids

15 Amino Acids

Humectants &

Humectants &

Humectants & Penetration

Humectants &

Humectants &

Humectants &

Botanicals Extracts

Botanicals Extracts

Extracts

Botanicals Extracts

Botanicals Extracts

Penetration Penetration Enhancers Penetration Penetration Penetration
Enhancers Enhancers Enhancers Enhancers Enhancers
Australian Australian Australian Botanicals Australian Australian Australian

Botanicals Extracts

Plant Extracts

Plant Extracts

Plant Extracts

Plant Extracts

Plant Extracts

Plant Extracts

Emollients and
Waxes

Emollients and Waxes

Emollients and
Waxes

Emollients and
Waxes

Stabilizers and

Stabilizers and

Stabilizers and Preservatives

Stabilizers and

Stabilizers and

Stabilizers and

Preservatives Preservatives Preservatives Preservatives Preservatives
Thickener & Thickener & Thickener & Emulsifiers Thickener & Thickener & Thickener &
Emulsifiers Emulsifiers Emulsifiers Emulsifiers Emulsifiers
(Continued)
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Table 1 (Continued).

Solar Protection Formulations Solar Repair Formulations
#1 The Serum #2 The Serum #3 The Tinted Serum #4 The Créme #5 The Serum #6 The Night
Créme
Minerals, Peptides, Enzymes, Minerals, UV Filter, Protein, Acids, Minerals, Peptides, Minerals, AHA, Extracts, Ferments,
Ferments, Protein, Minerals, Sugars, Extracts Sugars BHA Minerals
Pigments Pigments
Texturizers Texturizers

This approach involves comprehensively shielding the skin against the broader solar spectrum (approximately 290 nm
to 3200 nm). The Essential Six daily regime is composed of three solar protection formulations for day (#1 The Serum,
#2 The Serum, and #3 The Tinted Serum SPF50+) and three nightly solar repair formulations (#4 The Créme, #5 The
Serum, and #6 The Night Créme).

Four cultures were used with each treatment group (Solar Protection and Solar Repair Formulations). At approxi-
mately 9:30 am, four tissues were inoculated with SulL of each of the Solar Repair Formulations at the centre of each
EFT-400 culture, one after the other using a calibrated positive displacement pipette and a sterile glass spreader to
distribute the topical materials across the surface in between each application.

Post applications, the cultures were returned to the incubator at 37°C with 5% CO, and ~95% relative humidity.
Around 5:20pm the tissues were rinsed off to clear tissues from excess of Formulations and returned to the incubator at
37°C with 5% CO, and ~95% relative humidity until the next day. At approximately 5:30 pm, four other tissues were
inoculated with 5uL of each of the Solar Repair Formulations at the centre of each EFT-400 culture, one after the other
using a calibrated positive displacement pipette and a sterile glass spreader to distribute the topical materials across the
surface in between each application. The cultures were then returned to the incubator at 37°C with 5% CO, and ~95%
relative humidity and collected at approximately 9:30 am the next morning to be washed and remove any excess from the
surface of the culture with sterile DPBS. The Solar Protection samples were also collected on that morning.

Solar Protective Formulations
#1 The Serum

Vitamin B complex and Australian botanical extracts enhance skin immune responses to protect from solar induced
photoimmunosuppression.
#2 The Serum

An extensive complex of skin identical vitamins, minerals and enzymatic antioxidants helps prevent the formation of
Reactive Oxygen Species (ROS) and free radicals induced from solar energy and environmental pollution.
#3 The Tinted Serum SPF50+

A daily solar spectrum protection formulation (UV + VL and NIR radiation) containing zinc oxide, iron oxides,
provitamin D, melanin and heat shock proteins.”

Solar Repair Formulations
#4 The Créme

A skin identical composition of stratum corneum lipids including specialised ceramides, triglycerides and cholesterol
assists in restoring and augmenting skin barrier function.
#5 The Serum

This complex of alpha and beta hydroxy acids at low pH is designed to maintain stratum corneum pH at optimal
acidic levels.
#6 The Night Créme
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A synergistic combination of vitamin A and DNA repair enzymes assists in promoting skin cellular DNA repair
processes in response to solar and environmental damage.

RNA Extraction

After each of the tissue samples were collected from the incubator at 37°C with 5% CO, and ~95% relative humidity,
each culture was placed into a RNAlater preservative solution tube and incubated for 1-2 hours at room temperature.
Post incubation, each tube was transferred to a 4°C refrigerator until RNA isolation.

The extraction and isolation of the total RNA content was performed out of 12 (4 per test material and the negative
control) highly differentiated cultures of 3D reconstructed human dermal fibroblasts and epidermal keratinocyte models
(Mattek EFT-400) using the Maxwell RSC Simply RNA kit (Promega). Using UV absorbance, quantitative and
qualitative measurements of RNA samples were determined.

cDNA Synthesis

cDNA samples were produced using a High Capacity cDNA Synthesis Kit (Applied Biosystems). About 2000ng total of
RNA per sample were required in order to generate first-strand cDNA.

Openarray Processing and Analysis

The method deployed to perform the qPCR reactions required the use of validated gene expression assays in an
OpenArray and 384-well format. Assays were run in a Life Technologies QuantStudio 12K Flex instrument. To ensure
accurate results, every single gene was assayed in duplicate.

The quality of the raw data files obtained from qPCR method as well as the statistical analysis were assessed and
performed using the ThermoFisher Connect Software (Life Technologies). Using the relative quantitation (RQ) method
to determine the statistical analysis, the difference (delta) of quantification Cycle (dCq) values was calculated by
normalizing the quantification Cycle (Cq) value of the target genes to the Cq value of a control gene (endogenous).
This method highlights potential variability happening during the experimental process between several samples.

Endogenous Control Gene Selection

The endogenous control gene selection is critical in order to isolate a consistently expressed control gene. Five candidate
control genes, Glyceraldehyde 3-Phosphate Dehydrogenase (GAPDH), Peptidylprolyl Isomerase A (PPIA),
Hypoxanthine Phosphoribosyltransferase (HPRT1), Polyubiquitin-C (UBC) and B-Glucuronidase (GUSB) were analysed
for the OpenArray and two candidate control genes (GAPDH and PPIA) for 384-well plate format. Statistical analysis
(unpaired t-tests) was performed for each comparison using normalized dCq values. Two genes (GAPDH and PPIA)
were analyzed with the OpenArray method and were selected as candidates to be used as control genes for 384-well plate
method. The most consistent endogenous control gene was chosen based on the stability score and range scores
calculated by the ThermoFisher Data Connect RQ software. The lower the stability scores, the more consistent will be
the gene expression between the different samples. PPIA was selected as the endogenous control for both the OpenArray
and 384-well plate formats (Figure 2).

gPCR Data Quality and Statistical Data Analysis

The quality of qPCR data was assessed using a variety of reporting techniques such as visual assessment of the qPCR
curve and the Cq value. Cq values are an indication of the transcript total present in the sample and can impact the quality
of the qPCR data. qPCR amplification takes place over a total of 40 cycles, and typically occurs before cycle 30 in a 384-
well plate format. The quality and relative quantity of transcript is then linked to the Cq values:

e (Cq values below 30 correspond to high transcript levels and robust, high-quality PCR data.
e (Cq values above 30 correspond to lower level transcript, less robust qPCR data; data should be reviewed cautiously.
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Figure 2 qPCR Amplification Curves for PPIA (OA) and PPIA (384-well plate). Amplification curves for the Morning group are shown in yellow, Evening group in blue, and
the UNT group is shown in green. Dotted lines indicate data removed due to the poor amplification or high standard deviation.

Results

A DNA Openarray identified 67 genes that were statically significant up-regulated or down-regulated (Table 2) and 37
genes that were drastically up-regulated at least twofold following solar protection and repair regimes. When compared
to the control cells, quantitative real-time PCR identified that the genes encoding for Intercellular Adhesion Molecule 1
(ICAM1), Metallothionein 1A (MT1A), Prostaglandin-Endoperoxide Synthase 1 (PTGS2), Late Cornified Envelope 3D
(LCE3D), Peroxisome Proliferator Activated Receptor (PPARD), and Granulocyte/Macrophage Colony Stimulating
Factor 2 (GM-CSF2) were up-regulated following usage of the solar protection regime; 1.87, 861.16, 4.34, 1.91, 2.42,
and 3.6, respectively. ICAM1, MT1A, PTGS2, LCE3D, PPARD, and GM-CSF2 were up-regulated following the solar
repair regime; 3.78, 2.98, 14.89, 5.09, 2.42, and 13.51, respectively (Table 3 and Figure 3).

Discussion
Improvement in skin clarity, tone, firmness and texture are the most desired benefits of patients seeking medical
procedures including facelifting, cosmetic injectables and phototherapy.” Aggressive surgical procedures and ablative
treatments have not met with widespread acceptance due to the risks they present as well as the inconsistent outcomes
and considerable effects on patient lives. Laser or light therapies may provide the expected results as long as the
treatment is continuous at clinics. Nevertheless, these results often come with significant inflammation and downtime.
Medical procedures such as, facelifting, threadlifting and fillers provide some level of improvement as skin and
subtissues are lifted but would not provide the expected visual skin rejuvenation.’

The heightened physical and mental health implications caused by solar damage and skin ageing highlight the
imperative for home-based, non-invasive treatments.*~

In our prior studies, the results induced by this specific topical solar protection and repair regime were significant, as
demonstrated and documented via objective digital facial surface analysis and 3-D volumetric assessments.>> Through
this objective method, outcomes in terms of skin improvements highlighted above were visible and impressive. Patients
reported a high level of satisfaction and comfort with low to no downtime, discomfort or side effects.

Post treatment, most patients reported that their skin and facial profile felt and looked rejuvenated, tightened and
lifted.>

To our knowledge, this study represents the first body of scientific work to examine, measure, assess and report
alterations in gene expression following a specific solar protection and repair skincare regime. Gene regulation was
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Table 2 A DNA Microarray Showed 67 Genes That Were Statically Significant Up-Regulated or Down-Regulated

Target vs UNT Function KRT10 -3.91 | -2.77 Epidermal Barrier HBEGF | 6.35 6.6 Growth Factor/ Wound Healing

Name Protection Repair LCE3D 1.91 5.09 Epidermal Barrier ICAMI 1.87 3.78 Growth Factor/ Wound Healing
Group Group

FOXO3 1.27 1.58 Antiaging OCLN 1.37 2.38 Epidermal barrier VEGFA 1.17 1.88 Growth factor/ wound healing

PANK4 1.34 1.56 Antiaging PKPI -1.89 | —1.55 Epidermal barrier AQP3 1.14 1.65 Hydration

POLGI/ 1.5 1.9 Antiaging TGMI 1.19 2.44 Epidermal barrier GBA 1.16 1.96 Hydration

MDPI

AHR 1.62 1.84 Antioxidant/ stress response DNMT3B 2.11 -1.33 Epigenetics SMPDI 1.62 2.05 Hydration

CAT -2.17 -2.39 Antioxidant/ stress response DNMTI 1.72 1.71 Epigenetics CSF2 3.6 13.5 Inflammation/ immune response

GPXI 1.07 -1.5 Antioxidant/ stress response F2RLI —-1.51 —-1.26 Extracellular matrix breakdown DEFBI 1.82 1.69 Inflammation/ immune response

MTIA 861.16 2.98 Antioxidant/ stress response MMPI 2.6 9.12 Extracellular matrix breakdown IFNAI 1.05 | —-1.72 Inflammation/ immune response

MT2A 10.45 3.27 Antioxidant/ stress response MMPI10 22 9.24 Extracellular matrix breakdown ILIOo 251 2.74 Inflammation/ immune response

NFE2L2 1.31 1.51 Antioxidant/ stress response MMP9 -10.8 | -2.15 Extracellular matrix breakdown ILIB 3.62 1.9 Inflammation/ immune response

NQOI 1.53 1.8 Antioxidant/ stress response COLI7Al | —1.56 | —1.48 Extracellular matrix integrity ILIRN 2.12 328 Inflammation/ immune response

TXNRDI 1.52 1.67 Antioxidant/ stress response COLIAI -1.6 —1.63 Extracellular matrix integrity IL23A 4.27 5.71 Inflammation/ immune response

CASPI14 -25 —1.43 Cell renewal/ regeneration COL4A2 1.24 1.63 Extracellular matrix integrity IL6 1.99 49 Inflammation/ immune response

KRT 14 -2.29 —-1.86 Cell renewal/ regeneration DCN -1.52 | —-l.1é Extracellular matrix integrity PTGSI 1.49 2.09 Inflammation/ immune response

KRT5 -1.99 =211 Cell renewal/ regeneration DsClI -2.1 —-l.1é6 Extracellular matrix integrity PTGS2 4.34 14.9 Inflammation/ immune response

PPARD 1.06 242 Cell renewal/ regeneration DSGI -1.96 | —1.26 Extracellular matrix integrity TLR2 1.72 241 Inflammation/ immune response

PPARG 1.73 1.61 Cell renewal/ regeneration DSG3 1.37 1.68 Extracellular matrix integrity TLR3 -1.2 | -3.85 Inflammation/ immune response

CLDNI —1.68 =11 Epidermal barrier TIMPI 2.09 2.38 Extracellular matrix integrity MITF -1.66 | —1.7 Pigmentation

CLDN7 4.88 4.34 Epidermal barrier TNC 1.29 2.44 Extracellular matrix integrity BAKI 1.32 1.89 Survival/Apoptosis & Autophagy

GRHL3 -1.27 2.05 Epidermal barrier VCAN -1.91 -4 Extracellular matrix integrity BCL2 —-1.81 | —1.83 Survival/Apoptosis & Autophagy, Skin

Aging, Inflammation
IVL 1.46 1.77 Epidermal barrier BMP4 —1.56 | —1.04 Growth factor/ pigmentation F3 -3.56 | —1.32 Wound Healing, Coagulation
KRTI —5.41 —2.76 Epidermal barrier EDNI 23 3.06 Growth factor/ pigmentation FGF2 1.53 28 Wound Healing/Growth Factor

aro(q
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Table 3 Gene Function and Fold Expression Change of ICAMI, MTIA, PTGS2, LCE3D, PPARD, and GM-CSF2

Function Fold Expression Fold Expression
Protection Routine Repair Routine
ICAMI Regulates skin immunologic responses. 1.87 3.78

Induced by environmentally stimulated proinflammatory cytokines.

MTIA Regulates cellular anti-oxidant detoxification. 861.16 2.98

Reduces free radical activity, oxidative damage and inflammation

PTGS2 Regulates epidermal and dermal homeostasis in response to solar and 4.34 14.89

environmental damage

LCE3D Protein coding gene. 1.91 5.09

Regulates keratinization and barrier repair.

PPARD Acidic activated transcription factor of the nuclear hormone receptor family. 1.06 242
Stimulates epidermal differentiation, regulates apoptosis, reduces epidermal

proliferation and inflammation and enhances barrier repair.

CSF2 A cytokine that regulates DNA repair processes. 3.6 13.51
Upregulates expression of extracellular matrix proteins, including tenascin,

fibronectin and collagen-1 in fibroblasts

Stimulates differentiation of epidermal melanocytes in response to UV exposure.

investigated using DNA microarray and real-time PCR analysis on a 3-dimensional reconstructed human skin model
containing epidermal keratinocytes and dermal fibroblasts. The results induced by this specific topical solar protection
and repair regime revealed that 67 genes were significantly up-regulated or down-regulated with accompanying
improvements in skin function and appearance (Table 2). ICAMI1, MT1A, PTGS2, LCE3D, PPARD, and GM-CSF2
were up-regulated following both of the solar protection and solar repair protocol (Table 3 and Figure 3).

ICAM1 was up-regulated following the solar protection and repair regime; 1.87, and 3.78, respectively. This gene
encodes for the production of cell surface glycoproteins which are typically expressed on endothelial and immune
cells."™'? In human skin, ICAM1 is involved in regulation of immunologic responses induced by environmentally
stimulated proinflammatory cytokines.'*'* Photoimmunosuppression is increasingly cited as a major cause of photoage-
ing and solar induced skin diseases, including skin cancer.'® Up-regulation of ICAMI may enhance prevention of
photoimmunosuppression.

MTI1A was up-regulated following the solar protection and repair regime, 861.16 and 2.98, respectively. Low
molecular weight and cysteine-rich proteins binding divalent heavy metal ions, acting as anti-oxidants and protecting
against the formation of hydroxyl-free radicals are encoded by this gene.'>”!” These proteins are important in inter-
cellular homeostatic control of metals, in particular the detoxification of heavy metals.'>'® In human skin, MT1A is
involved with anti-oxidant detoxification of cells and tissues.'>'® Increased metallothionein leads to a universal reduction
in inflammation, free radical formation and damage caused by oxidative stress.'”'® The dramatically increased activity of
MTI1A seen in this study may indicate potent anti-oxidant ability and may be potentially beneficial for skin anti-ageing,
as metallothionein is related to anti-apoptotic properties and the ability to scavenge ageing free radicals.'’

PTGS2 was up-regulated following the solar protection, and repair regime; 4.34, and 14.89, respectively. PTGS2
encodes for the inducible isozyme in the biosynthesis of prostaglandin, and takes on a double action of dioxygenase and
peroxidase.'® Tt is suggested that PTGS2 plays a role in the pathway of the prostanoid synthesis involved in both
mitogenesis and inflammation due to its regulation through specific stimulatory processes.'” In human skin, its expres-
sion is induced in fibroblasts, keratinocytes and melanocytes through a series of mitogenic and inflammatory stimuli
which include UV radiation, cytokines, hypoxia and growth factors.’®?! Significant up-regulation of PTGS2 following
the skin regime may indicate enhanced photoprotection and antiphotoageing potential.
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Figure 3 Quantitative real-time PCR validation of ICAMI, MTIA, PTGS2, LCE3D, PPARD, and GM-CSF2 gene expressions. Fold-change in expression was calculated by
setting the median value of expression seen in the control to 1.0. Data are shown as the mean + SEM. *p < 0.05, **p < 0.01, ***p < 0.001. n=3 untreated control and 4 for

the other 2 groups.
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LCE3D was up-regulated following the solar protection, and repair regime; 1.91, and 5.09, respectively. The Late
Cornified Envelope gene encodes for the proteins involved in keratinization.?>** These proteins are the precursors of the
stratum corneum cornified envelope.?”** In human skin, the genes that encode cornified envelope proteins are clustered
in an epidermal differentiation complex, of which LCE3D is a key component, regulating epidermal barrier formation
and integrity.** LCE aberrations are associated with multiple skin diseases, including psoriasis and atopic dermatitis.>*
LCE gene expression is altered by exposure to UV radiation. LCE3D directly modulates barrier quality.>> Up-regulation
of LCE3D is involved in maintaining healthy skin homeostasis and possibly photoprotection.

PPARD was up-regulated following the solar protection, and repair regime; 1.06, and 2.42, respectively. PPARD
regulates epidermal metabolism and lipid synthesis, and the encoded protein is expected to act as a transcriptional
repression integrator and nuclear receptor signalling target.”” 2’ In human skin, PPARD activation involved in the
regulation of genes encoding for epidermal differentiation, skin barrier homeostasis, lipid biosynthesis and
inflammation.”® *® Up-regulation of PPARD is thought to be helpful in maintaining skin barrier and cellular repair
processes.

GM-CSF2 was up-regulated following the solar protection, and repair regime; 3.6, and 13.51, respectively. This gene
is responsible for encoding a cytokine engaged in the optimum functioning (production, differentiation, and function) of
granulocyte and macrophage colonies.””>° In human skin, GM-CSF2 is involved in epidermal and dermal immune
responses in addition to the control of proliferation and differentiation.’’ Significant up-regulation of GM-CSF2 appears
to be beneficial for skin repair and rejuvenation.

For this study, an in vitro skin model was deployed specifically epidermal keratinocytes and dermal fibroblasts from
a multilayered 3-dimensional cultured human skin model. This reconstructed skin model is highly comparable to that of
living human skin. This was established through histological analysis which revealed a fully stratified epidermis
containing all major epidermal layers and component cells as well as a dermal compartment and its collagen matrix
(Figure 1). This highly analogous human skin model proved highly predictive and accurate in understanding the
biological impacts of this specific topical solar protection and repair regime.

Our findings that specific genes involved in enhanced photoprotection and repair of solar skin damage, namely,
ICAM1, MTI1A, PTGS2, LCE3D, PPARD, and GM-CSF2, warrant further investigation, particularly in vivo studies.
Although significant upregulation of the gene expressions occurred following this skincare regime, further research is
needed to determine whether other skincare ingredients, treatments or medical procedures could promote enhance further
changes in gene expression. Furthermore, this study was a preliminary assessment, suggesting that a larger pool of
samples as well as a protein expression study could follow.

Conclusion
This study demonstrates that a specific solar protection and repair regime is capable of upregulating genes that are
significantly active in endogenous solar skin protection and repair processes involving the UV, VL and NIR spectra.
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