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TIZ, IV Hk SM B TER L2 Y AR Y — L% 3 IRoeH R ~#EHAT 52 & T, REFEIIR
NSI. [NP]. [AS]. [APIZ#IIIEE 5 Z ENHEIN TS, SM Ot T I RAERBEREIIRHATH
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Abstract of Ph.D. thesis

Elucidation of the role of the sphingomyelin for the epidermal barrier function.
¥ AL B OFF #F K 4 Itaya Yurina

The skin comprises the epidermal and dermal layers, which act as a barrier. The stratum corneum
(SC) is the outer layer of the epidermis and comprises keratinocytes and intercellular lipids such as
ceramide, cholesterol, fatty acids and cholesterol ester. Intracellular lipids-ceramide in particular
play the most important role in the barrier function of the stratum corneum. A lack of ceramide or
deficiency of ceramide metabolic enzymes can causes diseases including atopic dermatitis and
ichthyosis. Ceramide species are generated through either the glucosylceramide (GlcCer) pathway
or the sphingomyelin (SM) pathway. It was revealed that the application of SM to a skin increased
ceramide content. Thus, endogenous SM may be important for regulation of ceramide content in
skin. However, it is the unclear that how exogenous SM increased ceramide content in skin and the
role of endogenous SM to skin. In the present study, I focus on the precursor of ceramide-SM- to
elucidate the mechanism controlling increased ceramide levels in the skin and to elucidate the role

on epidermal barrier function.

1. Influence of SM and the mechanism analysis to lipid content in a three-dimensional cultured
human epidermis model.

SM is a precursor of the ceramide [NS] and [AS], metabolized by sphingomyelinase (SMase).
GlcCer is a precursor of all ceramide type in the SC, metabolized by B-glucocerebrosidase (3-GCase).
Previously, the application of sphingomyelin-based liposomes (SM-L) to a three dimensional
cultured human epidermis model increased levels of ceramides [NS], [NP], [AS] and [AP]. However,
why the application of SM-L induced an increase ceramides in the three dimensional cultured
human epidermis model is unknown. In this chapter, I applied SM-L to a three dimensional
cultured human epidermis model to clarify the influence of SM-L on ceramide metabolic enzymes on
three dimensional cultured human epidermis. First, mixtures of SM-L and B. cereus derived SMase
were developed by HPTLC. Only ceramide [NS] was generated from SM-L. Next, I applied SM-L to
a three dimensional cultured human epidermis model and measured levels of SPT, SMase and
B-GCase mRNA expression. SPT mRNA expression level was decreased 24 h after application of 30
mg/mL SM-L. Otherwise, SMase and p-GCase mRNA expression levels were increased 24 h after
application of 30 mg/mL SM-L. Finally, I added the B-GCase inhibitor CBE to the medium and
applied SM-L to the three dimensional cultured human epidermis model. Ceramide [NS], [NP], [AS]
and [AP] contents were decreased compared with control group following treatment with CBE.
Contrastingly, only ceramide [NS] content was significantly increased following treatment with
CBE and SM-L compared with the CBE-alone treatment group. Thus, the application of SM-L to

skin influences the ceramide metabolism pathway.



2. Phenotype of skin on sphingomyelin synthase 2 knockout mice.

Sphingomyelin synthase (SMS) converts ceramide to SM. SMS are classified into SMS1, 2 and
SMS related protein (SMSr). SMS knockout (KO) mice are generated and investigated to clarify the
SMS function. Although various phenotypes in SMSKO mice have been reported, however,
phenotypes of SMSKO mice skin and SMS function in skin have not been reported. In this chapter,
I performed basic study to clarify SMS2KO mice skin phenotypes. SMS2KO mice were generated by
homologous recombination. First, ceramide [NS] and [NP] content in various week age SMS2KO
mice SC were determined by HPTLC. Ceramide [NS] and [NP] contents in SMS2KO mice SC at 4
and 8 week age were decreased compared with WT mice. However, ceramide [NS] and [NP] contents
in SMS2KO mice SC at 12 week age were not changed compared with WT mice. TEWL in SMS2KO
mice at 4 and 8 week age were significantly higher than WT mice. Epidermal thickness in SMS2KO
mice at 4 and 8 week age were not changed compared with WT mice. Contrastingly, at 12 week age
SMS2KO mice, epidermal thickness was significantly increased compared with WT mice.
Additionally, after UVB irradiation and tape stripping treatment, TEWL of SMS2KO mice at 8
week age was significantly increased compared with UVB irradiated WT mice. These results
suggested that SMS2KO mice skin phenotype was different at week age respectively and skin
barrier function was weak compared with WT mice. Furthermore, result of epidermal thickness

suggested that SMS2 may associate with inflammation, epidermal proliferation and differentiation.

3. Phenotype of skin on sphingomyelin synthase 1 knockout mice.

In this chapter, I performed basic study to clarify SMS1KO mice skin phenotypes. SMS1KO mice
at 30 week age were generated by using Cre/loxP system. SMS1KO mice TEWL were higher than
WT mice. However, ceramide [NS], [NP], [AS] and [AP] contents in SMS1KO mice SC were not
changed compared with WT mice. Next, SMS1KO mice were injected intraperitoneally a single dose
(400 mg/kg) for 4 weeks. After SM-L injection, SMS1KO mice TEWL were slightly decreased
compared with non-injection SMS1KO mice. But, ceramide content of SM injection SMS1KO mice
SC were not changed compared with non-injection SMS1KO mice. Additionally, epidermal thickness
of SM injection SMS1KO mice was not changed too. In young (4 or 8 week age) SMS2KO mice, skin
phenotypes were different from WT mice. Thus, young SMS1KO mice using are desirable in future.
However, TEWL of SMS1KO mice were recovered by SM injection. These results suggested that SM

is the factor for skin barrier function.

The present study indicated that exogenous SM increased ceramide content in the epidermis and
endogenous SM deficiency induced degradation of epidermal barrier function. These finding
suggested that SM is the one of important factor for sustentation of skin barrier function and
homeostasis. In the future, I hope that more detailed investigation of SM will clear SM importance

in skin.
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