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DIRECT INDUCED CHANGES BY UVB

ALSO UVA CAN INDUCE
THYMIDINE DIMERS
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B-Carotene Interferes with Ultraviolet Light A-Induced Gene
Expression by Multiple Pathways

Karin Wertz*, Petra Buchwald Hunziker*, Nicole Seifert*, Georges R’liss*l,( Martin Neeb , Guido Steiner , Willi Hunziker 1 and Regina
Goralczyk*
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Ultraviolet light A (UVA) exposure is thought to cause skin aging mainly by singlet oxygen ((1)O(2))-dependent pathways. Using
microarrays, we assessed whether pre-treatment with the (1)O(2) quencher beta-carotene (betaC; 1.5 microM) prevents UVA-
induced gene regulation in HaCaT human keratinocytes. Downregulation of growth factor signaling, moderate induction of
proinflammatory genes, upregulation of immediate early genes including apoptotic regulators and suppression of cell cycle
genes were hallmarks of the UVA effect. Of the 568 UVA-regulated genes, betaC reduced the UVA effect for 143, enhanced it
for 180, and did not interact with UVA for 245 genes. The different interaction modes imply that betaC/UVA interaction involved
multiple mechanisms. In unirradiated keratinocytes, gene regulations suggest that betaC reduced stress signals and
extracellular matrix (ECM) degradation, and promoted keratinocyte differentiation. In irradiated cells, expression profiles indicate
that betaC inhibited UVA-induced ECM degradation, and enhanced UVA induction of tanning-associated protease-activated
receptor 2. Combination of betaC-promoted keratinocyte differentiation with the cellular "UV response” caused synergistic
induction of cell cycle arrest and apoptosis. In conclusion, betaC at physiological concentrations interacted with UVA effects in
keratinocytes by mechanisms that included, but were not restricted to (1)O(2) quenching. The retinoid effect of betaC was
minor, indicating that the betaC effects reported here were predominantly mediated through vitamin A-independent pathways.
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Our results explain and integrate many
conflicting reports on the efficacy of

as a .02 quencher and as a
general antioxidant in living cells.

The identifled mechanisms, by which

acts on the skin have
iImplications on

skin photoaging, as well as on relevant skin
diseases, such as skin cancer and
psoriasis.







The Journal of Investigative Dermatology
Volume 124 Issue 2 Page 428 - February 2005

The Creatine Kinase System in Human Skin: Protective
Effects of Creatine A&amst Oxidative and UV Damage In
itro and In Vivo

Lenz H, Schmidt M, Welge V, Schlattner U, Wallimann T, Elsasser HP, Wittern KP, Wenck H, Stab F, Blatt T.
Department of Cytobiology and Cytopathology, Philipps University Marburg, Marburg, Germany.
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Cutaneous aging is characterized by a decline in cellular energy metabolism, which is mainly caused by detrimental changes in
mitochondrial function. The processes involved seem to be predominantly mediated by free radicals known to be generated by
exogenous noxes, e.g., solar ultraviolet (UV) radiation. Basically, skin cells try to compensate any loss of mitochondrial
energetic capacity by extra-mitochondrial pathways such as glycolysis or the creatine kinase (CK) system. Recent studies
reported the presence of cytosolic and mitochondrial isoenzymes of CK, as well as a creatine transporter in human skin. In this
study, we analyzed the cutaneous CK system, focusing on those cellular stressors known to play an important role in the
process of skin aging. According to our results, a stress-induced decline in mitochondrial energy supply in human epidermal
cells correlated with a decrease in mitochondrial CK activity. In addition, we investigated the effects of creatine supplementation
on human epidermal cells as a potential mechanism to reinforce the endogenous energy supply in skin. Exogenous creatine
was taken up by keratinocytes and increased CK activity, mitochondrial function and protected against free oxygen radical
stress. Finally, our new data clearly indicate that human skin cells that are energetically recharged with the naturally occurring
energy precursor, creatine, are markedly protected against a variety of cellular stress conditions, like oxidative and UV damage
in vitro and in vivo. This may have further implications in mkqdlélating processes, which are involved in premature skin aging and
skin damage.
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This study shows the significance of the PCR/CK
system for epidermal energy supply and the beneficial

effects of creatine supplementation both in vitro and in
VIVO.
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Ultraviolet A irradiation induces NF-E2-related factor 2
activation in dermal fibroblasts: protective role in UVA-
induced apoptosis.

Hirota A, Kawachi Y, Itoh K, Nakamura Y, Xu X, Banno T, Takahashi T, Yamamoto M, Otsuka F.
Department of Dermatology, Institute of Clinical Medicine, University of Tsukuba, Tsukuba, Ibaraki, Japan.
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Ultraviolet (UV) radiation is one of the most important environmental factors involved in the pathogenesis of skin aging and
cancer. Many harmful effects of UV radiation are associated with the generation of reactive oxygen species, and cellular
antioxidants act to prevent the occurrence and reduce the severity of UV-induced skin disorders. Transcription factor NF-E2-
related Factor 2 (Nrf2) and its cytoplasmic anchor protein Kelch-like-ECH-associated protein 1 (Keapl) are central regulators of
the cellular antioxidant response. In this study, we investigated the effects of UV irradiation on the activation of Nrf2 in dermal
fibroblasts. We found that UVA irradiation, but not UVB, causes nuclear translocation and accumulation of Nrf2 by a factor of 6.5
as compared with unirradiated controls. The nuclear accumulation of Nrf2 induced by UVA was enhanced by the photosensitizer
hematoporphyrin. To evaluate the protective role of Nrf2 against UVA radiation, we examined UVA-induced apoptosis using
dermal fibroblasts derived from nrf2 or keapl gene knockout mice. Whereas disruption of nrf2 increased the number of
apoptotic cells following UVA irradiation by 1.7-fold, disruption of keapl decreased the apoptotic cell number by half as
compared with wild-type controls. These findings thus demonstrate that the Nrf2-Keap1 pathway plays an important role in the
protection of the skin against UVA irradiation.
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NRF2 KEAP1 PATHWAY

Key proteins in the coordinate
transcriptional induction of
various antioxidant-matabolizing
enzymes




THE PROTECTION OF CELLS FROM UVA-
INDUCED APOPTOSIS WAS SIGNIFICANTLY
DIMINISHED BY THE DISRUPTION OF NRF2 .







THE NRF2 KEAP1 SYSTEM PLAYS A
CRITICAL ROLE IN THE PROTECTION OF
DERMAL CELLS FROM THE DELETERIOUS
EFFECTS PROVOKED BY THE EXPOSURE TO
UVA.
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It has been reported that application of sunscreens
prevents the photoaging of skin in animal models
and in humans. ...,

In the UVA sunscreen group, both the UVA induced
skin damage and the increase In skin elastase
activity were significantly inhibited, as compared to
the vehicle group
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When
the sunscreens were applied twice there was improved protection from

oedema and Langerhans cell depletion and complete protection was
afforded from suppression of MECLR. There was a clear linear
relationship between Langerhans cell numbers and oedema with and
without sunscreen application
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Topical Retinoic Acid for the
Amelioration of Photoaging

Albert M. Kligman, MD, PhD James J. Leyden, MD
Lorraine H. Kligman, PhD

Department of Dermatology University of Pennsylvania
School of Medicine

Philadelphia, PA;
Gary L. Grove, PHD
Skin Study Center
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Fig. 1: Retinoidi di prima generazione
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Fig. 3: Legame ligando-recettore.
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R= CH, OH : Retinol
R=CHO : Retinal
R=COOH : Retinoic Acid
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THANK YOU !

Leonardo Celleno




