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Thesis abstract
A study on the skin protection
from the ultraviolet light, air pollutant, and dryness

and the involvement of oxidative stress
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The skin is the outermost organ of the human body and is essential for the maintenance of our life. The
upper most layer of the skin is the stratum corneum, which is composed by the proliferation and differentiation of
epidermal keratinocytes, and plays an important barrier function to retain water in the body and to prevent irritation
from the external environment. However, the skin is constantly exposed to environmental factors, and accumulation
of such stimuli may result in decreased skin function. Therefore, this study aimed to clarify the involvement of
cellular responsiveness and reactive oxygen species (ROS) after exposure to three environmental factors: ultraviolet
light, air pollutant, and dryness and to discuss the skin protection.

In the first chapter, we focused on ultraviolet light and investigated whether chimyl alcohol (CA), which
is an alkyl glyceryl ether, suppresses the inflammatory process. The suppression of cell damage and the reduction
of intracellular levels of ROS in normal human epidermal keratinocytes (NHEKS) after UVB (Ultraviolet B)
exposure was evaluated using the Neutral red (NR) and the 2°,7’-dichlorodihydrofluorescein diacetate (DCFDA)
assays, respectively. Moreover, the expression levels of mRNAs and proteins related to inflammation were
evaluated by Realtime RT-PCR and ELISA assays, respectively. CA suppressed prostaglandin E, (PGEy)
production in UVB-exposed NHEKSs according to the down-regulated expression level of cyclooxygenase-2
(COX-2) mRNA. Furthermore, CA up-regulated the mRNA expression levels of peroxisome proliferator-activated
receptor (PPAR)-y, nuclear factor E2-related factor 2 (Nrf2) and y-glutamyl cysteine synthase (y-GCS) in NHEKS.
Finally, we examined the effects of CA on siPPAR-y transfected NHEKS. siPPAR-y transfection of NHEKs
abolished the mRNA expression levels of Nrf2 and UVB-stimulated PGE; secretion that were regulated by CA.
Hence, CA suppresses the UVB-induced COX-2 mRNA expression and PGE; production through PPAR-y as an
agonist. We conclude that CA provides useful protection and/or alleviation against UV damage.

In the second chapter, we focused on air pollutant and investigated the effects of a novel pantothenic
acid (PA) derivative, ethyl 2,4-dicarboethoxy pantothenate (EDCEP), on a diesel particulate extract (DPE) as a
representative air pollutant that generates ROS through the activation of aryl hydrocarbon receptor (AHR)
signaling. We characterized the effects of PA and EDCEP on NHEKSs exposed to DPE or H2O. as a general
oxidative stress stimulator. Cell viability and intracellular ROS levels were evaluated using the

3-(4,5-dimethyl-2-thiazoyl)-2,5-diphenyltetrazolium bromide (MTT) assay and the DCFDA assay, respectively.



Further, we investigated the substantial effects and the underlying mechanism of EDCEP, which elicited a
reduction of intracellular ROS. In results, PA and EDCEP restored the decreases of cell viability induced by DPE
and also repressed the up-regulation of CYP1A1 mRNA expression induced by DPE. Interestingly, the effects of
PA and EDCEP on intracellular ROS levels showed different responses. EDCEP reduced intracellular ROS levels
stimulated by DPE or by exposure to H,O,. EDCEP suppressed the secretion of tumor necrosis factor (TNF-a) and
reduced the level carbonylated proteins (CPs) in reconstructed human epidermal equivalents (RHEES) topically
treated with DPE. EDCEP up-regulated the mRNA expression levels of Nrf2, y-GCS, heme oxygenase-1 (HO-1)
and NAD(P)H: quinone oxidoreductase-1 (NQO1) and in addition, increased intracellular glutathione (GSH)
levels. Thus, we conclude that EDCEP reduces cellular damage initiated by environmental pollutants by
stimulating the intracellular defense system against ROS through the activation of Nrf2, and by interfering with
AHR signaling pathway activation.

In the third chapter, we focused on skin dryness and established an in vitro dry epidermal model using
RHEEs and to elucidate the relationship between skin dryness and alterations of the dermal matrix which is one of
the causes for the formation of wrinkles. An in vitro dry epidermal model was prepared by loading a CaCl.-filled
ampoule on the surface of an RHEE. To evaluate whether the in vitro model reproduced the characteristics of in
vivo skin dryness, histological studies and biological assays using a protein array were carried out. Histologically,
a distinct fluorescence which originated from CPs were observed in the stratum corneum. In addition, conditioned
medium from RHEESs cultured under dry conditions for 24 h revealed the secretion of several proteins compared
with normal RHEES. It has been reported that an increase in IL-1a and the accumulation of carbonylated proteins
are observed in the intact stratum corneum in the low humidity winter season. Thus, the in vitro dry epidermal
model expresses the features of in vivo skin dryness observed in the winter season. Furthermore, the conditioned
medium from RHEEs cultured under dry conditions enhanced MMP-1 secretion by normal human dermal
fibroblasts. Taken together, we propose the hypothesis that skin dryness contributes to alterations of the dermal
matrix through the elevation of MMP-1 secretion.

In this study, we focused on three environmental factors: ultraviolet light, air pollutant, and dryness. We
found that not only ultraviolet light but also air pollutant could elevate intracellular ROS levels and skin dryness
could elevate CPs in the stratum corneum of in vitro dry epidermal models. These results suggested that oxidative
stress, which was induced by environmental factors, contributed to the process of skin cell damage. To maintain a

healthy and beautiful skin, it’s very important to control intra-/extra-cellular oxidative stress triggered by ROS.
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