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Background: Ceramides are the main lipid component of the
stratum corneum and are a structurally heterogeneous and
complex group of sphingolipids of which sphingoid bases
are the basic structural constituents. Altered levels of
sphingoid bases have been reported in skin conditions that
involve dryness and barrier disruption, including atopic der-
matitis. Objective: The purpose of this study was to inves-
tigate the altered levels of sphingoid bases in psoriatic
epidermis and their relationship with the clinical severity of
the psoriasis. Methods: Samples from the lesional and
non-lesional epidermis were obtained from eight psoriasis
patients. Levels of sphingosine and sphinganine were analy-
zed by high-performance liquid chromatography. The expre-
ssion of ceramide synthase and ceramidase proteins, which
are related to sphingosine and sphinganine metabolism,
were measured using Western blot analysis. Results: Levels
of sphingosine and sphinganine in the lesional epidermis
were significantly higher than those in the non-lesional
epidermis. Although there was no altered ceramide synthase
and ceramidase, there was a highly significant positive
correlation between the % change of ceramidase, the degra-
dative enzyme of ceramide into sphingosine, and the
Psoriasis Area Severity Index (PASI) score. Conclusion: The
levels of sphingosine and sphinganine were significantly
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increased in psoriatic epidermis and the % change of cera-
midase was positively correlated with the clinical severity of
psoriasis. (Ann Dermatol 25(3) 321~ 326, 2013)
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INTRODUCTION

Ceramides are the primary lipids in the stratum corneum’
and their depletion is thought to be one of the etiological
factors of barrier disruption in various skin conditions.
Marked depletion of ceramides in the stratum corneum
has been reported in such conditions, particularly in
patients with psoriasis and atopic dermatitis (AD)**. In our
previous study, we found that the decreased levels of
ceramide in psoriatic skin lesions caused epidermal hyper-
plasia via downregulation of apoptotic signal cascades
such as protein kinase C-alpha (PKC-@) and c-jun N-ter-
minal kinase (JNK)>®.

In the de novo synthesis of ceramide, sphinganine (Sa) is
generated by enzymatic condensation of serine and phal-
mitoyl-Co A by serine palmitoyltransferase, and Sa is
further acylated into ceramides. The newly synthesized
ceramide is promptly metabolized to glucosylceramide or
sphingomyelin and is ultimately degraded into sphingo-
sine (So) and fatty acids by cermidase. Ceramides are a
structurally heterogeneous and complex group of sphingo-
lipids, of which sphingoid bases are basic structural
constituents”. So and Sa exhibit anti-microbial activity
and prevent the adherence of bacteria to cells'®"", but
their functions remain otherwise largely unknown. Changes
in the levels of sphingoid bases have been described in
skin conditions involving dryness and barrier disruption,
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including AD."" However, only limited information is
available on alterations in sphingoid bases in psoriasis.
Therefore, the aim of this study was to examine the levels
of sphingoid bases in the epidermis of psoriasis patients
and to assesses their relationship with psoriasis severity.

MATERIALS AND METHODS

Patients and skin biopsies

Eight Korean patients with psoriasis (two women, six men)
ranging in age from 21 to 58 years gave informed consent
and participated in this study. All subjects had psoriasis
vulgaris as identified through clinical and histologic asses-
sment and had not been treated either systemically or
topically for at least one month before punch biopsies
were obtained. Using a 4-mm punch, biopsies were taken
from lesional and non-lesional skin on the lower extremi-
ties, back, or arms. The epidermis was separated as descri-
bed previously'®. Specifically, the epidermis was separa-
ted from whole-skin biopsies by overnight incubation at
4°C in a 1:1 (v/v) mixture of Dispase solution (Roche
Molecular Biochemicals, Manheim, Germany) and Hank’s
balanced salt solution (HBSS; Gibco BRL, Life Techno-
logies, Rockville, MD, USA).

Assessment of the clinical severity of psoriasis

The clinical severity was assessed using the Psoriasis Area
Severity Index (PASI) score, which is calculated as follows:
PASI=0.1 (Eh+Ih+Dh) Ah+0.2 (Eu+Iu+Du) Au+0.3
(Et+1t+Dt) At+0.4 (EI+11+DI) Al, where E=erythema,
I =infiltration, D=desquamation, A=area, h=head, u=upper
extremities, t=trunk, and |=lower extremities. A numeri-
cal value is given to the extent of the lesions in each area
as follows: 1<10%, 2=10~30%, 3=30~50%, 4=50~
70%, 5=70~90%, and 6=90~100%. E, I, and D are
scored on a five-point scale (0=no symptoms, 1=slight,
2 =moderate, 3 =marked, and 4 =very marked) to obtain a
final PASI score between 0 and 72. The PASI scores of the
patients who took part in this study ranged between 1.8
and 23.7; this range corresponds to mild and moderate
psoriasis. Only patients with PASI scores <25 were
enrolled in this study in order to determine whether
alterations in the levels of ceramides and ceramide-related
apoptotic signaling molecules are closely correlated to the
clinical severity of mild to moderate psoriasis.

Lipid extraction

Epidermal tissue isolated from each 4 mm punch biopsy
was homogenized with a Polytron homogenizer in 500 |
of ice-cold phosphate-buffered saline. After centrifugation
at 240x g for 5 min, aliquots (50 « | of supernatant) of the
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epidermal homogenates were collected for protein
determination by a modified Lowry method using bovine
serum albumin as the standard". Sphingoid bases were
extracted by adding 350 «1 of MeOH, 150 ¢l of T M
NaCl and 300 « | of CHCI; to the prepared homogenates.
A 35 ug aliquot of 3N NaOH was also added to adjust
the pH to 10~11 in order to facilitate the separation of
sphingoid bases in the upper phase. As an internal stan-
dard, 100 pmol of the non-naturally occurring species'>'®
Ci7 So and C;7 S1P was added followed by vigorous
vortexing for 1 h. After centrifugation at 240 x g for 3 min,
the lower phase was evaporated under N, gas and then
dissolved in 500 «| of 0.15 M methanolic KOH with
vortexing for 20 min at 37°C. Then, 500 /| of CHCl;, 100
w1l of 2 N-NH4,OH and 400 | of alkaline water were
added and the mixture was vortexed for an additional
hour. After centrifugation at 240x g for 3 min, the lower
phase was washed twice with 800 x| of alkaline water
and the CHCI; was evaporated using a SpeedVac con-
centrator'®.

O-phthalaldehyde derivatization and high-performance
liquid chromatography (HPLC) analysis of sphingoid
bases

The extracted lipid fraction was resolved in 120 x| of
MeOH. A 20 «1| volume of o-phthalaldehyde (OPA) deri-
vatization reagent (Sigma, St. Louis, MO, USA; 50 mg or-
tho-phthal-dialdehyde, 1 ml ethanol, 100 x| 2-mercap-
toethanol, and 50 ml 3% (w/v) boric acid solution) was
added and the mixture was allowed to stand for 30 min at
room temperature'”"'®. OPA reacts with the primary amine
group of the sphingoid bases and becomes highly
fluorescent at an excitation wavelength of 340 nm and an
emission wavelength of 455 nm'”"®
analyzed using a Jasco (Tokyo, Japan) PU-980 pump, an
AS-1559 autosampler, and a Jasco FP-920 fluorescence
detector. The isocratic eluent comprised of methanol:
deionized distilled water (92 : 8 v/v) with 0.1% triethy-
lamine was flowed at the rate of 1 ml/min. A 70 x|
aliquot of the derivatives was injected then separated on
an Cig column (Waters, Sunfire 4.6x1.5 mm internal
diameter) kept at room temperature, and the fluorescence
was measured at an emission wavelength of 455 nm and
an excitation wavelength of 340 nm'’. Cy; So (8.5 min),
Cis So (10.5 min), Cy5 Sa (14.2 min) were detected.

. The derivatives were

Western blot analysis

Isolated epidermis was added to 200 | of Folch solution
(CHCl; : MeOH, 2 : 1, v/v mixture) and homogenized
using a Polytron homogenizer, and 200 I of 0.1 M KCl
was subsequently added. The mixture was centrifuged at



2,000 rpm for 5 min, and the upper phase containing the
extracted proteins was separated. This process was re-
peated a total of two times. The protein concentration was
determined by BCA protein assay (Pierce, Rockford, MD,
USA) according to the manufacturer’s protocol. Fifty
micrograms of protein was fractionated via 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to a nitrocellulose membrane. The
membranes were blocked with 5% non-fat dry milk for 1
h at room temperature and incubated with antibodies
against ceramide synthase (CerS) and ceramidase (CDase)
(Labfrontier, Seoul, Korea) at a 1 : 250 dilution with Tris-
buffered saline containing 0.05% Tween-20 (TSB-T) at 4°C
overnight. After washing with TBS-T for 1 h, the mem-
branes were reacted with horseradish peroxidase-con-
jugated anti-rabbit 1gG antibody (Amersham Biosciences,
Buckinghamshire, UK) that had been diluted 1 : 250 with
TBS-T, for 1 h at room temperature. After washing the
membranes with TBS-T for 2 h, protein expression was
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detected using an ECL chemiluminescence kit (Amersham
Bioscience).

Statistical analysis

A paired t-test was used to compare the levels of So and
Sa between the lesional and non-lesional samples collec-
ted from psoriasis patients. The relationship between the
CDase levels and PASI scores was assessed using Pear-
son’s correlation analysis. p<0.05 were considered statis-
tically significant.

RESULTS

Sphingoid bases in psoriatic epidermis and non-le-
sional skin

The high-performance liquid chromatography analysis re-
sults of C15 So and Cig Sa in the lesional and non-lesional
epidermis samples from psoriasis patients are shown in
Fig. 1. The level of So in the lesional epidermis was
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Fig. 1. (A, B) Sphingoid bases in lesional and non-lesional skin. Values are presented as mean +standard error of measurement. *p<0.05

by paired t-test.

Table 1. Ceramidase expression in non-lesional and lesional epidermis tissue, PASI scores and disease duration in patients with psoriasis

Ceramidase expression (% signal intensity)

Patient No. PASI score Psorl:—:15|s
Lesion Non-lesion % Change* duration
1 15.16 29.25 51.83 1.80 3.00
2 13.75 10.82 127.06 2.40 1.00
3 ND 53.02 0.00 3.20 2.00
4 40.07 28.15 142.36 3.40 20.00
5 50.46 38.91 129.69 4.30 3.00
6 146.75 91.82 159.82 4.60 4.00
7 66.17 11.73 564.11 9.30 8.00
8 43.53 9.31 467.52 23.70 10.00
Mean £ standard error 46.99+16.21 34.13+9.84

of measurement

PASI: Psoriasis Area Severity Index, ND: not detected. *% Change in ceramidase expression was calculated as (lesion/non-lesion

level) x 100.
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significantly higher (23.5+10.9; range, 14.66~32.34
nmol/ 12 g protein) than that in the non-lesional epidermis
(10.9+4.08; range, 6.82~14.98 nmol/ g protein) (p
<0.05). Likewise, the level of Sa in the lesional epidermis
was significantly higher (11.4+4.20; range, 7.2~15.6
nmol/ g protein) than that in the non-lesional epidermis
(1.3+0.70; range, 0.6~2.06 nmol/ 1. g protein) (p<0.05).
The mean % of lesional So to non-lesional So and that of
Sa were 215% and 857%, respectively.

Expression of ceramidase and ceramide synthase pro-
teins and correlation with Psoriasis Area Severity Index
scores

The CDase and CerS expression levels in the lesional and
non-lesional epidermis of psoriasis patients, PASI scores,
and disease durations are listed in Table 1 and 2. The
absolute level of CDase and CerS varied from patient to
patient. The protein expression of CDase and CerS in the
lesional epidermis was not altered compared to that in the
non-lesional epidermis. A highly significant positive corre-
lation was observed between the % change in CDase and
the PASI score (r=0.752, p<0.05), as shown in Fig. 2, but
there was no correlation between the % change in CerS
and the PASI score. These results indicate that an increase
of CDase is significantly correlated with the PASI score in
mild to severe psoriasis, suggesting that increased levels of
So are likely caused by the increased expression of CDase.

DISCUSSION

The fundamental function of the epidermis is to serve as
an efficient barrier against water loss through the skin'.
The epidermal barrier is comprised of the extracellular

lipid-enriched membranes of the stratum corneum and is
organized into membranous multi-layers with a repetitive
lamellar structure. The intercellular lipid lamellae are
composed predominantly of ceramides, cholesterol, and
fatty acids that originate from polar lipid precursors
provided by cells in the basal layer of the epidermis'®?’.

Ceramides are the primary lipids in the stratum corneum.
During keratinization, almost all of the epidermal phos-
pholipids found abundantly in the basal layer disappear
and ceramides, which are synthesized de novo from
phospholipid intermediates, remain within the stratum
corneum?”'. Ceramide-rich intercellular lipid lamellae are
thought to be of particular importance in maintaining the
structural integrity of the epidermal barrier’”**. Depletion
of ceramides in the stratum corneum has been suggested
as an etiological factor of dryness and barrier disruption in
skin conditions such as AD and essential fatty acid
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Fig. 2. Correlation between % change in ceramidase protein
expression and the Psoriasis Area Severity Index (PASI) score
(r=0.752, p<0.05).

Table 2. Expression of ceramide synthase in non-lesional and lesional epidermis, PASI scores and disease duration in patients with

psoriasis

Ceramide synthase expression (% signal intensity) .
Patient No. PASI score ZSOH&}SIS
Lesion Non-lesion % Change* buzdion
1 28.46 38.79 73.35 1.80 3.00
2 ND 77.91 0.00 2.40 1.00
3 54.93 7717 71.18 3.20 2.00
4 ND ND 0.00 3.40 20.00
5 85.89 96.70 88.82 4.30 3.00
6 100.20 18.88 530.65 4.60 4.00
7 18.75 ND 0.00 9.30 8.00
8 42.00 49.40 82.02 23.70 10.00

Mean + standard error 41.28+13.18 44.86+13.08

of measurement

PASI: Psoriasis Area Severity Index, ND: not detected. *% Change in ceramide synthase expression was calculated as (lesion/non-lesion

level) x 100.
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deficiency””. Ceramides are a structurally heterogeneous
and complex group of sphingolipids containing deri-
vatives of So bases joined by an amide linkage to a variety
of fatty acids. Differences in chain length, type and the
extent of hydroxylation and saturation are responsible for
the heterogeneity of epidermal sphingolipids®*.

Sphingoid (long-chain) bases are the basic structural cons-
tituents of sphingolipids, which are thought to be synthe-
sized by the acylation of sphingoid bases to form a cera-
mide, with subsequent glycosylation and other modifi-
cations leading to the formation of complex sphingolipids
such as neutral glycosylsphingolipids, and phosphosphin-
golipids (e.g., sphingomyelin)*®. So and Sa, which are free
sphingolipids of the stratum corneum, have been shown
to strongly inhibit both bacteria and fungi in vitro'.
Furthermore, So was found to be significantly downregu-
lated in the skin of patients with AD compared with
healthy controls'®. Alterations in the ratio of So to Sa due
to a ceramide metabolic abnormality in the stratum
corneum can affect membrane integrity in AD"’. Addition-
ally, as lipid second messengers, they mediate antipro-
liferative and apoptotic effects via activation of several
signal transduction molecules such as PKC-a@ and JNK*”.
However, there are only a few studies that have examined
the relationship between sphingoid bases and psoriasis.

In this study, we measured the levels of the precursor and
degradation products of two ceramides, Sa and So, in both
psoriatic and non-lesional skin. The levels of both proteins
were significantly higher in psoriatic skin compared to in
the non-lesional epidermis, indicating that in psoriatic
skin, ceramide synthesis is decreased and the degradation
of these proteins is increased. These results suggest that
ceramide levels, which are regulated by a balance in the
activity of ceramide generating enzymes such as CerS in
the de novo synthesis pathway and degradative enzymes
such as CDase, are not well-controlled in the epidermis of
psoriasis patients.

We measured the expression of CerS and CDase in both
the psoriatic epidermis and non-lesional epidermis. CerS
is one of the enzymes related to the synthesis of ceramide,
and CDase is a catalytic enzyme that is related to a
decrease in ceramide levels. The results of this experiment
showed that the levels of CerS were decreased in psoriatic
skin, whereas the levels of CDase were increased. How-
ever, there was no significant difference in the levels of
CerS and CDase between psoriatic epidermis and non-
lesional epidermis. We also evaluated the relationship
between the PASI score and increased levels of CDase to
determine the relationship between CDase and psoriasis
severity. The percent change in the ratio of lesional/non-
lesional epidermis and the PASI score showed a signifi-
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cant and direct correlation. These findings confirm those
of our previous study®®, namely that decreased levels of
ceramide in psoriatic skin are responsible for increased
levels of CDase in psoriatic skin lesions and that, fur-
thermore, increased levels of this protein are highly
correlated with the clinical severity of psoriasis. These
results are also consistent with those found in a previous
study of CDase activity in AD'".

However, there are some limitations to our study. First,
we could not show the relation between psoriasis patients
and healthy volunteers. Of course, it is well known that
the ceramide level of healthy skin is decreased compared
with that of psoriasis and AD patients, based on the results
of previous study. However, earlier studies have not direc-
tly compared between healthy volunteers and psoriasis
patients in terms of the levels of Sa and So. In addition,
our study also had a relatively small sample size. There-
fore, further studies should include more patients, as well
as comparison with healthy volunteers.

In conclusion, we demonstrated that So and Sa levels are
significantly increased in psoriatic epidermis and that
increased expression of CDase is positively correlated
with the clinical severity of psoriasis. Given that psoriasis
is an inflammatory skin disease, several cytokines or
growth factors secreted by keratinocytes, Langerhans cells,
or T-cells in psoriatic skin lesions may affect the regulation
of ceramide synthesis and expression of CDase. However,
in light of the study limitations as given above, further
study is required to confirm this hypothesis.
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