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As the outermost organ of the body, the skin is essential for protecting the host from external stimuli
including ultraviolet light, chemicals, mechanical insults, pathogens, as well as preventing loss of water from the
body. The skin also attracts much attention because of the non-invasiveness, ease of administration and dose
control, and absorption without hepatic first-pass metabolism from transdermal drug delivery systemic point of
view. Viable epidermis exists under the outermost layer, stratum corneum (SC) and is divided into three layers,
stratum granulosum, stratum spinosum, and stratum basale by their differentiation state. Viable epidermis has a
unique mechanism of lipid metabolism and contributes to the production of the SC. In the SC, corneocytes (brick)
are embedded in an intercellular lipid matrix (mortar), composed of approximately equimolar concentrations of
various species of ceramides (CERs), cholesterol (chol) and fatty acids (FAs), forming a lamellar structure. Thus,
understanding of metabolism and component ratio of these SC lipids is quite important because most of
compounds applied to the skin go through SC intercellular lipids route.

Advanced glycation end products (AGEs) are generated via the non-enzymatic Maillard reaction
between the aldehyde group of reducing sugars and amino group of proteins, lipids or nucleic acids. As the
population ages, accumulation of AGEs in tissues has attracted much attention as a cause of diabetic
complications and are also thought to be related to other lifestyle-related diseases. For skin, where AGEs can be
seen, developing an anti-AGEs strategy is important from an aesthetic as well as a functional point of view. AGEs
accumulate in both dermis (e.g. collagen and elastic fibers) and epidermis (e.g. keratin 10) causing wrincles and
yellowish change in skin color. Additionally, AGEs can be ligands for receptor for AGEs (RAGE) and provoke
inflammatory signaling via a reactive oxygen species (ROS)/nuclear factor-kB (NF-xB) pathway. However, the
effect of glycation on skin barrier function, especially SC lipids remain to be elucidated. Thus, the aim of this
study is to elucidate the barrier function of glycated epidermis and their mechanism.

We first evaluated the component ratio of SC intercellular lipids using mature and immature
reconstructed epidermal model to mimic early and chronic state of glycation, respectively. Transepidermal water
loss, which is indicator of inside-out water barrier function, was increased in both model. In mature model, the
content of FA determined by High performance thin layer chromatography (HPTLC) was significantly increased
by GO exposure (p<0.001). In immature model, CER[NS], Chol was significantly decreased (p<0.05, p<0.01) and
FA was increased by GO exposure (p<0.001). Next, to clarify the detailed mechanism, the content of various
lengths of FA was measured using spontaneously immortalized keratinocytes cell line, HaCaT cells. The amounts
of C16:0 and C18:0 contained in lipid extracts from GO exposed HaCaT cells were significantly increased
compared with normal one (p=0.07, p<0.05). These results indicate that the change in SC lipids fluidity or
physiological phenomena caused by production and accumulation of saturated FAs accelerated by cellular
glycation. To address whether the increase in FA was derived from de novo synthesis, we examined FASN and
ELOVL mRNA expression in glycated HaCaT cells. FASN contributes to the production of C16, while ELOVL
contributes to that of 16<C. FASN and ELOVL3 were upregulated 2.7- and 8.9-fold respectively in glycated
HaCaT cells after exposure to GO (p<0.05, p<0.001). The expression of ceramide synthase (CERS), which

contribute to synthesis of ceramide was significantly decreased by GO exposure (p<0.01), though the expression



of acid ceramidase (aCDase) was not changed. From these results, the increase in FA and decrease in CER may be
caused by de novo synthesis pathway in viable epidermis.

To clarify the effect of skin glycation on the permeation of compounds, we established a simple in vitro
model of full-thickness glycated skin. Excised hairless mice (Hos:HR-1, 7-9 wk, &) skin was mounted on franz
cells and incubated for 24 h at 32°C with PBS containing various concentration of GO as receptor solution. This
model has the features of aged skin including a yellowish and rough macroscopic appearance. Using this model,
we investigated permeation of sodium fluorescein (FL-Na: MW 376.28) as hydrophilic model molecules, and nile
red as a lipophilic model molecules. The flux of FL-Na across glycated skin was 2.1- fold increased compared
with normal one, though nile red showed no siginificant difference between two types of skin. To investigate the
contribution of the SC to differences in permeation, the penetration of FL-Na to SC was determined by
observation of skin section using fluorescence microscopy. FL-Na was distributed faster to glycated SC than
normal skin. Next, fluorescein isothiocyanate-dextran (FD4: average MW 4,000) was applied to the SC-stripped
skin. Contrary to full-thickness skin, the flux of FD4 across glycated skin was 0.64-fold decreased and the larger
the MW is, the more different the flux become. Taken together, in glycated skin model, SC and viable
epidermis-dermis showed inverse behavior to hydrophilic compound in glycated skin.

AGEs are classified into at leaset 7 groups by their glycation inducer. Above all, glyceraldehyde, which
is an intermediate product of both glycolysis and polyol metabolism, plays an important role in the pathogenesis
of lifestyle-related diseases through the formation of glyceraldehyde-derived AGEs (Glycer-AGEs). For example,
Glycer-AGEs contribute to microvascular complications of diabetes, i.e., retinopathy and nephropathy and the
malignancy of cancer via RAGE signal transduction followed by enhancement of intercellular ROS production. A
previous report showed that Glycer-AGEs in melanoma cells enhanced tumor growth and metastasis. It is thus
expected that the presence of Glycer-AGEs is highly related to intracellular metabolism in normal skin cells.
However, the presence of Glycer-AGEs in epidermal cells, 95% of which are keratinocytes, has not been shown.
Glycer-AGEs in skin was determined using a Glycer-AGE-specific antibody by immunohistochemistry and the
rates of AGEs formation with glyceraldehyde and GO was analyzed by amino acid analysis. Glycer-AGEs was
detected in the epidermis and dermis of human skin, especially in the cell, but they were not found in skin
pretreated with blocking peptides. A few Glycer-AGEs were detected in the extracellular matrix. To describe the
presence of Glycer-AGEs in epidermis, which has a turnover rate of about 1 month, we compared the rates of
AGEs formation induced by GO and GA from the dermal side. the modification rate of Lys from 6 to 24 h with 50
mM GA was greater than that of GO (26 vs. 6 nmol/h). Further studies are required to elucidate the biological and
physiological significance of Glycer-AGEs in skin, but this study suggests that they may influence normal human
keratinocytes and fibroblasts by different mechanisms and accumulate to a different degree than GO-induced
AGEs.

From these studies, it is suggested that change in metabolism of SC lipids may cause disruption of SC
lipids composition and also non-physiological cross linking may induce skin barrier disruption to hydrophilic
molecules. Furthermore, these phenomena expected to be caused by heterogeneous AGEs. Taken together, This

study showed the importance of prevention of glycation to maintain proper skin barrier function.
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