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Introduction: Photoaging is accelerated skin aging secondary to chronic exposure to
ultraviolet (UV) radiation. Wrinkles and brown spots (solar lentigines) are dominant clinical
features. Despite being of equal cosmetic concern, solar lentigines have been studied far
less than wrinkles. Nuclear factor erythroid 2-related factor 2 (NRF2) signaling is a cellular
defense pathway upregulated by UV. Progressive derangement of NRF2 signaling has been
associated with age-related decline in antioxidant defense of several organ systems.

Objective: To determine whether impaired NRF2 signaling contributes to the development
of solar lentigines.  

Materials and Methods: A) Human study: Biopsies were obtained of solar lentigines (n=11)
from volunteers who had applied either NRF2 inducer sulforaphane (SF; 5 nmoles) or
vehicle daily to clinically similar areas of photodamaged skin for 7 days (n=8). B) Mouse
study: Using a model of UV-induced hyperpigmentation, ears of C57BL/6 WT (n=14) and
NRF2-/- (n=10) mice were irradiated with UV-B once daily 5 times a week for 1 month. Prior
to each UV-B irradiation, SF (1μmole) was topically applied to one ear with the other
receiving vehicle treatment. Skin architecture, melanin deposition, and NRF2 signaling were
assessed in all samples.

Results: We report impaired NRF2 signaling in solar lentigines regardless of subjects’ age,
as well as an age-related decrease in NRF2 in sun-exposed skin. Topical treatment of
photodamaged human skin with an NRF2 inducer improved mottled hyperpigmentation in
subjects that activated NRF2. Experiments in the mouse model of UV-induced
hyperpigmentation replicated the human clinical study findings and provided evidence for an
additional preventative benefit of SF. The protective effect of SF was not observed with
comparable treatments of Nrf2-/- mice, confirming NRF2 dependence.

Conclusions: Taken together, our results support a potential role for pharmacological
activation of NRF2 in both the treatment and prevention of solar lentigines.
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