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Abstract
Skin exposed to low humidity often shows hypersensitivity to sensory stimuli. The aim of this study was to identify the 

mechanism underlying such hypersensitivity to sensory stimuli using reconstructed epidermal equivalents (RHEEs) exposed 
to low humidity.

RHEEs exposed to low humidity were identified to be an appropriate model of dry skin by their secretion of interleukin 
(IL)-1α and carbonylated proteins (CPs). Oxidative situations and protein expression levels of nerve growth factor (NGF) 
and semaphorin3A (Sema3A) in RHEEs exposed to low humidity were compared with control RHEEs. It was found that 
RHEEs exposed to low humidity synthesized superoxide anion radicals (·O2

−) in a higher level. RHEEs exposed to low hu-
midity also showed a higher level of NGF and a lower level of Sema3A compared to those of control RHEEs. In addition, 
treatment with the conditioned medium of RHEEs exposed to low humidity stimulated axon elongation in N1E-115 neuro-
blastoma cells. These phenomena were abolished by superoxide dismutase.

Thus, ·O2
− generated in RHEEs exposed to low humidity caused an imbalance of NGF and Sema3A, which can result 

in creating a higher susceptible conditions against sensory stimuli.
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1. Introduction

Recently, the number of people with skin that is highly sus-
ceptible to stimuli, such as cosmetics, has been continually in-
creasing, and approximately 50% of women and 40% of men 
have such hypersensitive skin1). Low humidity in the winter 
season is thought to be involved in the onset of hypersensi-
tivity to sensory stimuli like the stinging irritation, because 
individuals who live in Beijing have been found to show a 
higher sensitivity to lactic acid in the winter2). In fact, people 
frequently experience skin dryness with itching, which is one 
of the major symptoms of hypersensitivity to sensory stimuli, 
in the winter. These symptoms are generally defined as sen-
sitive skin, and people having hypersensitivity to sensory 
stimuli such as stinging, burning, tightness, tingling, itching, 
pain and so on, often have an impaired skin barrier function. 
In fact, one epidemiological study demonstrated a correlation 
between sensitive skin and the quantity of ceramides in the 
stratum corneum3).

In general, it has been demonstrated that the excitement of 
nerve fibers is responsible for sensory perception4, 5). Although 
under normal conditions the tips of nerve fibers stay within 
the dermal region, the tips of nerve fibers in patients with 
atopic dermatitis (AD), who are hypersensitive to stimuli such 
as chemicals and mechanical stress, have often invaded into 
the epidermis6). These findings suggest that the invasion of 
nerve fibers into the epidermis may be responsible for hyper-
sensitivity to sensory stimuli.

The development of nerve fibers is modulated by a balance 
between two axon guidance molecules, nerve growth factor 
(NGF) and nerve repulsion factor semaphorin 3A (Sema3A)7). 
In fact, higher amounts of NGF have been detected in the 
stratum corneum of patients with AD who have impaired 
skin barrier function compared to individuals with healthy 
skin5). Furthermore, disruption of the skin barrier with acetone 
treatment has been shown to accelerate the invasion of nerve 
fibers into the epidermis according to an imbalance of NGF 
and Sema3A8). These observations suggest that skin dryness 


