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Abstract: Vitamin D is a fat-soluble vitamin that is mainly produced in the skin by UV rays. Along with melatonin, it
is a representative chronobiotic substance, and the skin plays an important role in distinguishing between day and night.
However, vitamin D cannot be used directly in cosmetics because it is a vitamin that acts as a coenzyme and plays a
hormonal role in regulating the expression of various types of genes. Therefore, it was to investigate the skin efficacy
of provitamin D (7-dehydrocholesterol), a vitamin D precursor that can be used in cosmetics. Our findings reveal that
pro vitamin D can effectively inhibit the expression of tyrosinase, the melanin-producing enzyme, thereby attenuating melanin
synthesis. This skin tone regulatory effect has been corroborated in vitro using artificial skin models. Additionally, pro
vitamin D demonstrated anti-inflammatory properties by suppressing the expression of TNFa and, upon conversion to vitamin
D through UV exposure, it was observed to induce the production of the antimicrobial peptide CAMP (LL-37). The inhibitory
effect of pro vitamin D on melanin production appears to be a result of it reducing the UV absorption capacity of melanin,
thereby inducing the conversion of pro D to vitamin D. Utilizing pro vitamin D in cosmetic formulations could not only
modulate skin tone and enhance skin immunity but also expect to contribute to other cutaneous benefits as anti-aging
and barrier function improvement with everyday UV exposure. This multifaceted efficacy positions pro vitamin D as a
promising ingredient in advancing the formulation of skin care products.
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2.1, M= HH

AlRgote]  szulofa] EE|3t normal human epidermal
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£ Cascade BiologicsAt (USA) =78 -Qlsto] ARE-SHITE

— human melanocyte growth supplements (HMGS)

(Cascade Biologics, USA)7} 0] Q1= M254 Hjx|&2 37 C,
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Sl Al 7F 5] @S sodium dodecyl sulphate-
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2.4, RNA 22| & RT-PCRES £5t ALK mRNA
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TRIzol™ reagentS o|-8-3}0] A|2AL] Ao wha} Al
FHE total RNAS H2|59]Ci(Invitrogen, USA). o]Z7|
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Figure 1. Inhibitiory effects of pro-vitamin D (7-dehydrocholesterol) and calcitriol (1,25-dihydroxyvitamin D) on melanogenesis of NHEMs.
Moderately-Pigmented NHEMs were treated with pro-vitamin D (7-dehydrocholesterol, 0.1 ~ 50 uM) and calcitriol (1,25-dihydroxyvitamin
D, 10 ~ 100 nM) for 7 days. Then, an equal number of cells were collected into e-tubes and solubilized in 1 N NaOH. Images were
captured post dissolution. The relative amount of melanin compared to CTL (Control) was quantified by measuring the absorbance at
475 nm, with the results being graphically represented (A). The protein expression levels of tyrosinase was analyzed. GAPDH
(Glyceraldehyde-3-Phosphate Dehydrogenase) was loading control (B). Data were obtained from at least 3 independent experiments and
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the values were presented as mean + SE ("p < 0.01, ""p < 0.001).
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Figure 2. Inhibition effects of pro-vitamin D and calcitriol on human skin pigmentation.

Photographs of 3-dimensional human skin substitutes treated with KA (Kojic acid, 1%), pro-vitamin D (7DHC : 7-dehydrocholesterol,
0.1 ~ 50 uM), or calcitriol (1,25-dihydroxyvitamin D, 10, 100 nM) for 14 days were taken and the pigmentation of the skin
substitutes was measured and AL was calculated between the NT (non-treated, control) and treated groups (A). Melanin in the human

skin model was histological visualized by Fontana-Masson Stain (B) and integrity of that was decided by Hematoxylin-Eosin stain (C).
Data represent the mean + SE of 3 experiments (p < 0.05, “p < 0.01).
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Figure 3. Influence of keratinocyte-conditioned media treated with pro-vitamin D on melanogenesis of NHEMs.

Keratinocytes from normal human skin were treated with pro-vitamin D (7DHC : 7-dehydrocholesterol, 0.1, 1, 10 #M) and cultured
for 2 days. The collected keratinocyte-conditioned culture media were subsequently applied to normal human melanocytes every other
day over a period of 7 days. An equal number of melanocytes were harvested into e-tubes and solubilized in 1N NaOH. Photographs
were taken, and the absorbance at 475 nm was measured to quantify relative melanin content. The results were graphically represented.
Each experiment was conducted independently at least three times with a sample size of N > 3 to ensure the reproducibility of the

results. A representative figure from these experiments is presented. Statistical significance was denoted as follows: p < 0.05, “p <
0.01 compared to control (CTL).
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Figure 4. Immuno-enhancing and anti-inflammatory effects of pro-vitamin D.

Normal human epidermal keratinocytes (NHEKSs) were treated with various concentrations (0.1 ~ 10 #M) of pro-vitamin D (7DHC :
7-dehydrocholesterol) and calcitriol (1,25-dihydroxyvitamin D, 10 ~ 100 nM) for 2 days. Post-treatment, RNA was extracted from the
cells, and real-time polymerase chain reaction (RT-PCR) was utilized to measure mRNA expression levels of LL-37 and TNFa. The
relative expression levels were depicted graphically. Each set of experiments was carried out independently at least three times with a
sample size of N > 3, ensuring the validity of the results. The figures presented herein show a representative outcome of these
experiments. Statistical significance is indicated by "p < 0.05, “p < 0.01 compared with the control group (CTL).
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