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The aim of the present study was to investigate the effect of phytosphingosine (PS) on mite antigen-induced terminal
differentiation abnormalities in HaCaT cells. For this purpose, a PS-like substance was isolated from Asfterina pectinifera
(starfish PS) using high-performance liquid chromatography and was partially characterized through '"H NMR analysis. The
level of involucrin expression in HaCaT cell was measured by immunoblotting assay. Our results showed that PS treatments
remarkably up-regulated the involucrin expression, which is known as a terminal differentiation marker in the epidermal mite
antigen-treated HaCaT cells. This indicates that starfish PS could regulate mite antigen-induced terminal differentiation
fluctuation in the epidermis. Taken together, the results suggest that starfish PS might be a useful therapeutic agent for atopic

dermatitis.

Keywords: Phytosphingosine, Asterina pectinifera, high-performance liquid chromatography, mite antigen, involucrin,

HaCaT cell.

Phytosphingosine (PS), composed of long-chain
sphingo bases and sphingolipids, is a putative
intracellular signal mediator in various cellular
functions of mammalian epidermis, such as cell
differentiation, growth inhibition, inflammatory
responses, and apoptosis [1-4]. A number of epidermal
structures, including the cornified cell envelope (CE),
contain high level of PS. A properly assembled CE in
harmony with the intercellular lipid lamellae is essential
for effective physical and water barrier function of the
epidermis. A defective permeability barrier allows
environmental allergens to penetrate the epidermis and
hence facilitate the initiation of the allergen-specific
immunological reactions known to be involved in the
pathogenesis of atopic dermatitis (AD) [5]. Since PS is
known to be a diverse contributor to biological
activities, the aim of the current study was, in particular,
to investigate whether a PS-like substance isolated from
Asterina pectinifera (starfish PS) could adjust terminal
differentiation in house dust mite antigen-stimulated
human immortalized keratinocytes (HaCaT cells). In
order to obtain sufficient pure compound, starfish PS
was isolated from crude acetone extracts of starfish
using high performance thin layer chromatography
(HPTLC). A retardation factor value of 0.4 was used to

choose the appropriate ratio of target compound from
the starfish and standard PS. The selected spots were
subsequently examined using high-performance liquid
chromatography (HPLC). Results showed that the
retention times of the main peak in the starfish extract
and that of the standard PS were similar (10.779 min
and 10.408 min, respectively). In the '"H NMR spectra,
the integration percentage of each signal was used as a
representation of the relative number of protons. The
methyl group of standard PS appeared at  0.90 (3H, t,
J = 7.0 Hz) with the relative number of protons 9%, and
that of starfish isolate exhibited signals at & 0.80-1.00
(13%). In the methylene region between & 1.20-1.44,
the spectrum of standard PS gave peaks (~ 74%) and
that of starfish isolate (~ 40%). However, differences
between standard PS and starfish isolate were observed
in the amino group region. In comparison with
standard PS, starfish isolate showed specific signals at &
2.00-2.40 (14%), even though both showed the presence
of an amino group at & 1.50-1.80 in very similar
amounts (~ 7%). The 'H NMR spectra of standard PS
and starfish isolate gave a multiple spread over o 3.2-3.8
(~ 3%). Although the result obtained indicated that the
extract isolated from starfish was phytosphingosine,
further study is needed to elucidate its accurate structure.
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Figure 1A: Mite antigen-reduced involucrin expression in HaCaT cells.
HaCaT cells were treated with various concentrations of mite antigen
extracted from house dust Dermatophagoides farinae for 6 h. The cell
lysates were subjected to immunoblotting analysis. Data shown are
representative results of two independent experiments.
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Figure 1B: HaCaT cells were incubated with 10 pg/mL mite antigen for
1 to 6 h. The level of involucrin expression was measured by Western
blot analysis. Data shown are representative results of two independent
experiments.

AD is a type of eczema, analogous to eczematous
dermatitis. AD is characterized by pruritis and its
symptoms fluctuate chronically with remissions and
relapses [6]. In previous studies, mite antigens were
reported to play an important role in the onset of AD
[7], and to be highly involved in the development of
pruritis in relation to protease-activated receptor-2
activators [8]. In this context, an evaluation was
performed to determine whether mite antigen extracted
from Dermatophagoides farinae, (house dust mite)
alters the expression of involucrin (a terminal
differentiation marker in the epidermis) in HaCaT cells.

As shown in Fig. 1, under the optimum concentration
(10 pg/mL) and time (6 h) referred to in the literature
[9], mite antigen remarkably reduced involucrin
expression. According to the previous reports [10, 11],
involucrin reduction may result in the consequential
reduction of w-hydroxyceramides in AD by failing to
provide a sufficient amount of substrate for ceramide
attachment. In accordance with the above studies, the
current results confirmed that reduced involucrin was
expressed in HaCaT cells Western blot analysis in
response to mite antigen. Further investigations into
bioactivities of starfish PS, standard PS and
Dexamethasone (Dexa.) showed that starfish PS
treatment may have a modulatory effect on the terminal
differentiation proteins of HaCaT cells in response to
mite antigen. Under the test conditions, starfish PS
treatment at 2.5 uM showed prominent up-regulation
for involucrin expression (Fig. 2). These results suggest
that starfish PS modified the terminal differentiation
responses of the HaCaT cells to mite antigen by altering
protein profiles. Furthermore, starfish PS, initially
selected as the original target, was ultimately

Choi et al.

determined to be a specific and effective therapeutic
agent of AD.

Experimental

Starfish material and extraction: Starfish were
collected from Kyungpook, Korea and were
immediately lyophilized and pulverized. The resulting
powder (50 g) was macerated with distilled water (1 L)
at 4°C for 6 h with stirring, and then clarified by
centrifugation (10,000 rpm at 4°C for 15 min). The
precipitate was soaked in distilled water (1 L) at 4°C
overnight with stirring and this procedure was repeated
twice. Following centrifugation (10,000 rpm at 4°C for
15 min), the crude water extract was further extracted
by being saturated with acetone (1 L) at 4°C for 24 h,
with stirring. The crude acetone extract was centrifuged
as above, and the supernatant filtered through Whatman
filter paper (5 um). The filtrate was subsequently
concentrated using a vacuum rotary evaporator
(Laborota 4000, Heidolph, Japan). The concentrate was
lyophilized in a freeze-dryer (Neocool, Yamato, Japan)
and stored at -70°C till further use.

Isolation of compound.: Separation of starfish PS in the
acetone extract was achieved by open column
chromatography, performed isocratically. The mobile
phase used was chloroform: methanol (99:1 v:v), and
the stationary phase silica gel (0.063 mm-to 0.2 mm;
Merck 7734, column size 5.0 cm x 20 cm).
Identification of the compounds isolated from the crude
acetone extract and standard PS (95% purity; Doosan
Biotech) was confirmed by HPTLC (silica gel; Merck
60F254) wusing chloroform: methanol: ammonia
(70:20:4, v:v:v); the compounds were detected under
UV light. The compound with Rf value 0.4 was
approximately equal to the Rf value of standard PS.

For HPLC analysis, the fraction from the acetone
extract was subsequently dissolved in methanol, as it
was insoluble in ethyl acetate. A C-18 reversed-phase
column (particle size 4 um; column size 3.9 mm x 300
mm) was employed. HPLC analyses were carried out
using 254 nm for detection and acetonitrile: methanol
(3:7, v:v) as development solvent for 30 min at a flow
rate of 1 mL/min. PS present in the extracts was
identified by comparing its retention time with that of
the standard PS sample. A standard calibration method
of HPLC analysis was used for calculation of the
relative concentrations of PS. Using this method, all of
the process-related substances were detected with good
resolution. Further characterization was performed
through spectroscopic analysis. '"H NMR spectra, in
CD;OD, were obtained using a Bruker Avance 500
MHz spectrometer. Chemical shifts are expressed in 6
(ppm), relative to tetramethylsilane, which was used as
an internal reference.
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Figure 2: Effect of starfish PS on mite antigen-reduced involucrin expression in HaCaT cells. For the measurement of early terminal differentiation marker
protein, HaCaT cells were pre-treated with standard PS (1, 2.5 uM), starfish PS (1, 2.5 uM), and Dexa. (1, 2.5 uM) for 2 h. The level of involucrin in the cells

was measured by Western blot analysis after the cells were further incubated
three independent blots

Cell culture and treatment: Monolayers of HaCaT, which
was obtained from the American Type Culture
Collection, were grown in 100 mm culture dishes in
Dulbecco’s modified Eagle medium (DMEM)
supplemented with 10% fetal bovine serum (FBS),
penicillin (100 wunits/mL), and streptomycin (100
pg/mL). The cells were maintained in a humidified
incubator equilibrated with 5% CO, at 37°C. When the
cells had grown to 70% - 80% confluence (day 1), they
were plated in 100 mm culture dishes at a density of 6.0
x 10’ cells/dish in a serum-free medium and were pre-
incubated for 24 h. The old medium was subsequently
removed. The cells were transferred to another fresh
serum-free DMEM  medium  with  different
concentrations of standard PS, starfish PS, and Dexa.,
and then differentiation was induced for a further 2 h.
The cells were subjected to a subsequent exposure to
mite antigen in a fresh serum-free medium under the
appropriate conditions for an additional 6 h. For the cell
experiments, test compounds, such as standard PS and
starfish PS, were dissolved in dimethylsulfoxide, and
then starfish PS was filtered through a 0.45 pm syringe
filter, and both were diluted with serum-free medium to
obtain the appropriate concentration. The crude extract
of mite antigen and Dexa. were suspended in distilled
water and the former was filtered through a 0.22 pum
syringe filter. Control tests were also carried out in the
absence of test compounds and mite antigen for the
same incubation period.
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