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Abstract
Background—Ceramide hydrolysis by ceramidase in the stratum corneum (SC) yields both
sphingoid bases and free fatty acids (FFA). While FFA are key constituents of the lamellar
bilayers that mediate the epidermal permeability barrier, whether sphingoid bases influence
permeability barrier homeostasis remains unknown. Pertinently, alterations of lipid profile,
including ceramide and ceramidase activities occur in atopic dermatitis (AD).

Object—We investigated alterations in sphingoid base levels and/or profiles (sphingosine to
sphinganine ratio) in the SC of normal vs. AD mice, a model that faithfully replicates human AD,
and then whether altered sphingoid base levels and/or profiles influence(s) membrane stability
and/or structures.

Methods—Unilamellar vesicles (LV), incorporating the three major SC lipids (ceramides/FFA/
cholesterol) and different ratios of sphingosine/sphinganine, encapsulating carboxyfluorescein,
were used as the model of SC lipids. Membrane stability was measured as release of
carboxyfluorescein. Thermal analysis of LV was conducted by Differential scanning calorimetry
(DSC).

Results—LV containing AD levels of sphingosine/sphinganine (AD-LV) displayed altered
membrane permeability vs. normal-LV. DSC analyses revealed decreases in orthorhombic
structures that form tightly-packed lamellar structures in AD-LV.
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Conclusion—Sphingoid base composition influences lamellar membrane architecture in SC,
suggesting that altered sphingoid base profiles could contribute to the barrier abnormality in AD.
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INTRODUCTION
The outermost layer of the epidermis, the stratum corneum (SC), serves as the principal
barrier against excessive transcutaneous water loss, while simultaneously blocking ingress
of microbial pathogens, allergens and other xenotoxic agents [1, 2]. The epidermal
permeability barrier localizes to the extracellular domains of the SC, where stacks of broad
lamellar bilayers, enriched in free fatty acids (FFA), cholesterol and ceramides (Cer),
account for barrier competence [3–5]. Most abundant among these lipids are Cer, which
account for about 50% of total SC lipid mass, and comprise at least ten different species,
including epidermal-unique omega(ω)-O-acylated forms, which are critical contributors to
the organization of these lamellar bilayers [6, 7]. Much of this Cer heterogeneity is
determined by differences in sphingoid base and amide-linked fatty acid structures [7]. Yet,
it remains unknown how each lipid type influences barrier function.

Sphingoid bases are long-chain amino alcohols that are both immediate precursors, as well
as catabolites of Cer, generated within the SC by one or more ceramidases [8–10]. While
these molecules show amphiphilic, detergent-like properties that account for their potent in
vitro antimicrobial activity [11, 12], they also inhibit both protein kinase C [13, 14] and
phosphatidate phosphohydrolase [15] activities. Although the free sphingoid base content of
nucleated mammalian cells, including keratinocytes, is relatively low [16], levels rise to 5–6
mol % of total lipids in SC, amounts still lower than the three major SC lipids (Cer, FFA,
and cholesterol in Table 1). Prior studies demonstrated that supraphysiological levels of
sphingosine (So) (>10 mol %), when added to phospholipid-cholesterol model membranes,
increase phase transition temperatures and enthalpy [17], leading to our current hypothesis
that sphingoid base content could also influence membrane stability in the SC. Yet, nothing
is known about how sphingoid base profiles dictate function in normal SC; nor whether
abnormalities in sphingoid base content and composition (distribution) contribute to the
abnormal permeability barrier in atopic dermatitis (AD).

AD is a chronic, inflammatory skin disease that until recently was attributed to
abnormalities in adaptive and innate immunity [18]. Recent evidence suggests that AD
instead is often initiated by inherited abnormalities that compromise either SC structural or
enzymatic proteins [19, 20]. The diminished content of specific species of EOS (Cer 1) and
NP (Cer 3) are characteristic downstream features that contribute to the abnormal
permeability barriers not only in human [21–23], but also in canine [24] AD. Conversely,
Cer replenishment appears to improve barrier function and clinical status in AD [25, 26]. In
addition, sphingosine content and acidic (but not alkaline) ceramidase activity decreased in a
part of the SC fraction in human [27]. This prior study assessed neither whole SC nor
another sphingoid base species, i.e., sphinganine (Sa) content. We previously reported that
epidermal specific alkaline ceramidase is highly expressed in the late stages of
differentiation, and its activity persist in the SC [28]. Moreover, ceramidase activities are
elevated in AD patient skin [29], while pertinently glycerophospholipids derived from
Staphylococcus aureus activate ceramidase generated from colonized Pseudomonas in AD
patients. Both of these microbial pathogens often colonize in AD patients [30]. Hence, it is
unclear whether decreased acidic ceramdiase activities significantly influence ceramide
hydrolysis in the SC of AD.
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Given that prominent alterations in sphingoid base content occur in AD [27], we
hypothesized that modulations in sphingoid base levels and/or ratios could influence
lamellar membrane structure, thereby contributing to altered permeability barrier function in
AD. However, reported lipid biochemical data for humans with AD have relied upon topical
solvent extracts or tape/cyanoacrylate strippings, which may incompletely sample the SC.
Prior studies demonstrated that alterations of lipid lamellar structures become evident in the
lower stratum corneum [31], suggesting that abnormal barrier structures in the lower part of
the stratum corneum affect barrier function. Therefore, it is important to use whole SC rather
than a part of the SC for obtaining basal sphingoid base profile to assess the influences of
sphingoid base composition on membrane structures. We analyzed whole SC instead of a
part of the stratum corneum to obtain basis of sphingoid profile in order to study the roles of
sphingoid bases in lamellar membrane structures in the SC. We first investigated whether
the alterations in epidermal lipid content and composition that have been reported for human
AD occur in lipid extracts of whole SC from our AD mouse model [32–34]. After showing
that the mouse model replicates reported lipid biochemical abnormalities in human AD, we
analyzed and quantitated sphingoid base levels in these whole SC extracts, and then
investigated the role of sphingoid base variability in membrane permeability and
organization, in unilamellar vesicles (LV) reconstituted with lipids that reflect normal or AD
SC. Our studies show that i) sphingoid bases influence membrane permeability, and ii)
altered ratios of So to Sa attenuate lamellar membrane stability and disturb lamellar
membrane organization in AD SC.

MATERIALS AND METHODS
Materials

N-Octadecanoyl-D-erythro-sphingosine (N-stearoylsphingosine) was purchased from
Matreya (Pleasant Gap, PA). Cholesterol, palmitic acid and sphingoid bases were purchased
from Matreya or Sigma-Aldrich (St. Louis, Mo.) or generously supplied by Takasago
International (Tokyo, Japan). Other chemicals used were reagent grade.

AD model mice
AD model mice are prepared as described previously [32]. All animal procedures were
approved by the Animal Studies Subcommittee of the San Francisco Veterans Affairs
Medical Center and performed in accordance with their guidelines.

Lipids extraction
SC was isolated from skin by the incubation with trypsin in phosphate-buffered saline as
described previously [35], followed by extracting lipids by Folch’s method [36]. Lipid
extracts were fractionated into cholesterol, FFA and ceramide by high-performance thin
layer chromatography [37]. Lipids were visualized after treatment with cupric acetate–
phosphoric acid, and heating to 160 C for 15 minutes followed by quantitation by scanning
densitometry as we described previously [37]. Lipid content was reported as μg of total
lipids/mg dry SC weight. Molecular weights used for calculation are EOS (Cer 1), 1011.96;
other ceramides, 649.64; stearic acid for FFA, 284.27; and cholesterol, 386.35 to prepare
LV.

Sphingosine and sphinganine quantification
Sphingosine (So) and sphinganine (Sa) content was assessed according to Min JK et al. [16].
Briefly, sphingoid base such as So and Sa were converted to o-phthalaldehyde derivatives.
Sphingoid base o-phthalaldehyde derivatives were separated on C18 reverse phase HPLC
column (Luna C18(2), 250 × 4.6 mm, 5μm, Phenomenex, Torrance, CA) using
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methanol:water (9:1) (v/v) with a 1 ml/min flow. Fluorescence intensity was monitored at
Ex 360 nm and Em 430 nm.

Unilamellar Vesicle (LV) liposome preparation
Unilamellar Vesicle (LV) liposome preparations were prepared as previously reported [38]
with modifications. Ceramide, cholesterol, palmitic acid, and sphingoid base were dissolved
in chloroform/methanol (2:1, v/v), and the mixture was evaporated to dryness under a stream
of nitrogen. The samples were hydrated in 20 mM PIPES, 20 mM carboxyfluorescein (CF),
pH 7.4, followed by freeze-thawing five times. LV (100 nm) was prepared using Avanti®

Mini-Extruder following the manufacture’s protocol (Avanti Polar Lipids, Inc., Alabaster,
AL). Briefly, hydrated samples were extruded between two syringes through a 100 nm
polycarbonate filter 20 times and then fractionated on a 5 cm Sephadex G50 column.

Microscopy
The size and homogeneity of LV were examined by electron microscopy (Zeiss 10A, Carl
Zeiss, Thornwood, NY). Anisotropy is studied using a Polarizing microscopy.

Measurement of LV permeability
LV (50 mM of total lipids) in PBS were incubated with or without sodium dodecyl sulfate
(SDS), sphingoid base (1 nM-100 mM) at room temperature. In some experiments, LV were
incubated at 50 and 70°C. The fluorescence intensity of aliquots of diluted liposomal
suspension was measured at Ex 497 nm and Em 518 nm (Shimadzu spectrofluorimeter,
RF-5301, Kyoto, Japan). The results were identified as CF release (%CFR) over time (t) in
minutes, i.e., %CFR=CFRmin+CFRmax/(1+10exp((Log(CFR50)-Log[SDS])×HillSlope)).
CFRmin and CFRmax are initial fluorescence intensity and total CF release. The relative
permeability of different LV compositions was compared based upon the point at which
50% of the dye had been released (CF50). A higher CF50 value corresponds with a lower
relative membrane permeability. Mean ± SD (n=3).

Thermal Analysis
Thermal analysis was conducted by Differential scanning calorimetry (DSC 8230, Rigaku
Co., Tokyo, Japan) at a scan rate of 1.0°C/min over the temperature range from 15°C to
60°C, as previously reported [39].

Statistical Analyses
Statistical comparisons were performed using an unpaired Student t Test.

RESULTS
Altered Cer and sphingoid base profiles in normal vs. AD murine SC

Since prior studies on human AD relied upon either solvent swabbing or tape/cyanoacrylate
stripping that incompletely sample all levels of the SC, we first assessed lipid profiles in
whole SC from mice with an established AD-like dermatosis model that replicates many
features of human AD [32]. We then compared the content and composition of ceramides
(Cer), free fatty acids, cholesterol, and sphingoid bases in the SC of these mice to the
reported lipid abnormalities in human AD. While total Cer content did not change,
acylceramide (EOS [Cer1]) and NP (Cer 3) levels declined significantly in the SC of murine
AD (Table 1), mirroring changes that occur in humans with AD [22, 40]. Moreover, similar
to human AD, FFA content also declined modestly in AD mouse SC, while cholesterol
levels increased (Table 1), alterations that again reflect similar changes in human AD. Thus,
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AD mice display abnormalities in Cer and FFA profiles that closely resemble known lipid
biochemical abnormalities in the SC of humans with AD.

We next assessed sphingoid base levels in the SC of normal and AD mice. Two major
sphingoid base species, C18-sphingosine (C18-So) and C18-sphinganine (C18-Sa), were
detected in both normal and AD murine SC (Table 1). While C18-So levels increased
significantly (1.6-fold vs. normal; p<0.01), C18-Sa content instead decreased significantly
(by 57% of normal mouse SC [p<0.01]) in the SC of AD mice. These changes significantly
alter the molecular ratio of C18-So to C18-Sa in AD mouse SC; i.e., from 5.4 in normal-SC
to 14.3 in AD-SC (p<0.01, Table 1) (alterations in the ratios of individual sphingoid bases
also occur in the SC of human AD [private communications with Cho Y, Kyung Hee
University, South Korea]). Together, these studies demonstrate that not only Cer, but also
sphingoid base levels, as well as their molecular ratios, change in the SC of AD mice.
Because of similarities in lipid profiles of mouse model and human AD, we utilized these
SC lipid profiles, which were based upon extracts of whole SC, as the basis for the model
lipid studies described below.

Sphingoid base content/composition predict membrane permeability of normal SC
To investigate whether sphingoid base content and composition influence membrane
permeability in normal SC, we prepared unilamellar vesicles (LV), composed of cholesterol;
FFA (palmitic acid); and ceramide (N-stearoylsphingosine), with or without added So and/or
Sa, at concentrations and distributions comparable to normal mouse SC (Table 1).
Ultrastructural analysis demonstrated that all LVs, with or without added sphingoid base(s),
were homogeneous in size (Fig. 1, insert). Moreover, all LVs, whether prepared with or
without sphingoid base(s), were stable, based upon the kinetics of 2,5-carboxyfluorescein
(CFC) release over 3 days at 15–22°C (not shown). However, when LV were stressed by
exposure to low concentrations of the anionic surfactant, sodium dodecyl sulfate (SDS),
CFC release increased progressively both over time and as SDS concentrations increased
(Fig. 1A). Likewise, another external stressor; i.e., heat stress, also attenuated membrane
stability, releasing CFC from LV in a time and dose-dependent manner (Fig. 1B).

Membrane stability declined further in LV that contained either sphingosine (C-18 So) or
sphinganine (C-18 Sa) alone at concentrations found in normal SC (Fig. 1A and Table 2).
Yet, not one, but rather two sphingoid bases (C18-So and C18-Sa) are present in normal SC
(Table 1). Hence, we next assessed alterations in membrane permeability in LV
reconstituted with relevant concentrations of both So and Sa. In contrast to LV that
contained a single sphingoid base, LV stabilized when the two sphingoid base species were
incorporated into LV membranes at the amounts found in normal SC (Table 2). Together,
these results show that membrane stability declines in LV reconstituted with either So or Sa
alone, while inclusion of both So and Sa at a ratio found in normal SC stabilizes these
membranes.

Alterations in sphingoid base content/distribution predict abnormal membrane
permeability in AD

Although sphingosine (So) levels are known to decline in a part of the SC of human AD
[27], other sphingoid base, i.e., sphinganine (Sa), content of the whole SC has not yet been
characterized in AD. While So content increases (1.6-fold higher), we found here that Sa
content decreases (1.8-fold lower) in the whole SC of murine AD than in normal SC (Table
1). Therefore, we next assessed whether such AD-type alterations in sphingoid base
composition destabilize LV membranes. For the initial group of studies, we employed LV
reconstituted with a normal ratio of cholesterol, FFA, and Cer (+/− added sphingoid bases)
in order to exclude a separate influence of changes in the content of these lipids on
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membrane stability (see below for further studies on the separate effects of altered
cholesterol/FFA on membrane stability). In these studies, we compared CFC release rates
from LV that incorporated So and Sa at concentrations/ratios found in AD SC, to LV
containing a normal sphingoid base profile. Although LV prepared with AD sphingoid bases
remained stable over 3 days at 15–22°C, membrane stability declined in these LV, following
exposure to SDS (Table 2). Moreover, AD levels of sphingoid bases compromised
membrane permeability in LV not only following exposure of LV to SDS, but also
following application to a second, unrelated stressor; i.e., elevated temperatures. Before
raising the temperature, CFC release increased slowly in LV containing normal sphingoid
base profiles (Fig. 1B, closed triangles), but CFC release increased much more rapidly in LV
containing AD levels of So and Sa as temperature increased (Fig. 1B, open circles).
Together, these results demonstrate that AD-type sphingoid base profiles destabilize
otherwise normal LV membranes.

AD profiles of cholesterol and FFA diminish membrane stability separately, as well as
additively with sphingolipid bases

Cholesterol and FFA levels are altered in the SC of both human AD [22, 40] and AD mice
(Table 1). Hence, we next assessed whether an increase in cholesterol and a decrease in FFA
that mimics human and murine AD alter(s) the permeability of LV. Then, we assessed
whether these alterations are additive to the defective permeability produced by AD profiles
of the sphingoid bases alone. AD levels of cholesterol and FFA content further (additively)
compromised membrane stability in these LV (Table 3). These results show that addition of
AD levels of sphingoid bases additively diminishes membrane stability.

Sphingoid bases regulate membrane permeability by structural, rather than by detergent-
like mechanisms

Because sphingoid bases are amphiphilic lipids, the sphingoid base-induced changes in
membrane permeability described above could, in theory, reflect detergent activity, rather
than an impact of these lipids on membrane structure. To determine whether altered
membrane stability reflects detergent activity, we next assessed whether addition of
exogenous So/Sa to LV alters membrane stability. We applied exogenous So and/or Sa to
suspensions of pre-prepared LV prepared without So and/or Sa. The CF50 (mM) of both
exogenous So and Sa was 1–1.2 mM (Fig. 2). Since the So or Sa content in the LV is <10
μM, the observed alterations in membrane permeability, induced by altered sphingoid base
profiles in AD, likely do not reflect detergent effects of the released sphingoid bases from
LV.

We next assessed the alternate possibility; i.e., whether the sphingoid bases influence
membrane structure. Differential scanning calorimetry (DSC) analysis revealed a
comparable phase transition in LV, containing So and/or Sa at either normal or AD levels
(49.8 ± 0.96 ºC or 49.5 ± 4.29 ºC; not statistically different), respectively (Fig. 3A).
Moreover, polarizing microscope showed maltese cross structures that represent the
formation of lamellar membranes appearing membrane structure between temperatures of
45° to 60°C in both normal and AD-LV (Fig. 3C). But DSC thermograms of LV with So
and Sa at normal levels showed an additional shoulder at around 40 °C that disappeared in
LV that contained So/Sa at AD levels (Fig. 3A). This peak corresponds to a phase transition
that reflects orthorhombic packing of tightly-packed lamellar structures [41]. In addition, the
enthalpy of these membranes, which representing their internal energy, was significantly
greater in LV with a normal base profiles than the enthalpy of LV prepared with AD levels
of So/Sa (Fig. 3B), indicating higher membrane stability. Together, these results show that
the sphingoid bases influence membrane permeability through their impact on membrane
structural organization.
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DISCUSSION
Human AD shows both chronic inflammation and an abnormal permeability barrier, with the
latter now assumed to be the primarily ‘driver’ of disease pathogenesis [42]. Though
mutations in structural proteins of the corneocyte underlie many cases of human AD, the
permeability barrier abnormality in filaggrin-deficient epidermis localizes to the
extracellular matrix, where lamellar bilayer structure is abnormal [43]. While the reduced
EOS (Cer 1) and NP (Cer 3) levels in AD have been proposed to be an important
contribution to the barrier abnormality [21, 22, 40], sphingoid base production is altered in
AD [27, 29]. Sphingoid bases are generated by the hydrolysis of Cer by one or more
isoforms of ceramidase. Our prior studies demonstrated that ceramidases are enriched in SC
[28]. Furthermore, we recently showed by in situ zymography that these ceramidases are
functionally active in normal human SC [10]. It was noted in a prior study that a virulent
microbial pathogen, Staphylococcus aureus that often colonizes in AD skin, as well as
Pseudomonas, produce ceramidase activators (i.e., glycerophospholipids) and/or
ceramidases that could alter sphingoid base levels and ratios in AD epidermis [30]. In
addition, the hyperplasia and inflammation in AD could modify sphingolipid metabolism in
AD. Hence, not only base metabolism, but also pathogen-induced abnormalities likely occur
in AD epidermis.

Yet, while the enzymatic capacity to generate these bases is present in both normal and AD
SC, the consequences of the altered sphingoid base profile for membrane structure and
function in AD remains unknown. Moreover, whether the altered sphingoid base content of
AD could contribute to the barrier abnormality in human AD is not yet known. To address
these issues, we demonstrated here first, that sphingoid bases play an important structural
role in stabilizing model membranes that mimic normal SC. Specifically, the two major
sphingoid bases (So and Sa) must be present at a ratio that reflects normal SC to stabilize
membrane bilayer structure in this in vitro model. Conversely, we demonstrated that the
abnormal profiles/ratios of sphingoid bases that occur in AD instead destabilize
(permeabilize) the same model lipid membranes. These abnormalities appeared as
sphingosine (So) to sphinganine (Sa) ratios began to approach those found in the SC of AD
model mice, and were accelerated by exposure to either chemical (detergent) or heat stress.
We chose SDS as one stressor to bring out functional abnormalities, because it is widely
used as a detergent in topical formulations which both normal and AD human subjects
frequently are exposed to. Our results suggest that SDS exposure from soaps or skin care
formulation could further modify membrane permeability in AD patients by attenuating
barrier function. Moreover, heat stress, which simulates skin exposure during bathing in hot
water, brought out the same functional abnormality.

The altered sphingoid base ratios employed here were based upon lipid extracts from the SC
of our recently established AD-like mouse model, which mimics human AD functionally,
structurally, and immunologically [32, 33, 44]. Importantly, lipid extracts from the SC of
AD mice showed not only reduced levels of specific Cer species, EOS (Cer1) and NP (Cer
3), but also alterations in the ratio of sphingosine to sphinganine that again resemble known
alterations in human AD (private communications with Cho Y, Kyung Hee University,
South Korea). In these studies, we utilized sphingoid base profiles based upon the mouse
rather than human data, because these levels represent base levels in whole SC, while
published human data on sphingoid base levels inevitably derive from either solvent extracts
or pooled tape or cyanoacrylate strippings that do not sample whole SC [27]. Moreover,
lipid extracts from whole SC of AD mice displayed similar alterations of Cer, FFA and
cholesterol profiles as occur in human AD [40]. Thus, an altered sphingoid base molecular
ratio, coupled with altered Cer:cholesterol:FFA ratios, likely contributes to the known
attenuation of epidermal permeability barrier function that occurs in AD. Yet, it must be
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noted that our model LV system did not fully replicate in vivo conditions, because it did not
include the full range of Cer in SC, which includes a family of at least ten species [45–47].
Nevertheless, our study strongly suggests that not only reduced specific species of Cer (EOS
and NP), but also alterations in the profile of Cer downstream metabolites; i.e., sphingoid
bases, regulate the integrity of lamellar membranes in AD. Moreover, changes in cholesterol
and FFA content that occur in AD separately and additively perturbed membrane
permeability in our membrane system. In summary, although the cholesterol and FFA
content of SC are substantially greater (cholesterol >5~7-fold and FFA >8~11-fold) than the
sphingoid base content of SC (Table 1), our results show that the sphingoid bases, though
only a minor bulk lipid species, contribute to the structural organization and permeability of
model membranes.

Finally, our studies provide mechanistic insights about how sphingoid bases influence
membrane structure and permeability. DSC analysis demonstrated that a structural
abnormality, rather than the potential detergent activity of these bases accounts for altered
permeability in AD model membrane. Physico-chemical assessments using differential
scanning calorimeter and polarized microscopy revealed that LV with not only normal, but
also AD sphingoid base profiles displayed a normal profile of phase transition temperatures.
Yet, pertinently, only LV with normal sphingoid bases showed evidence of orthorhombic
packing structures. Our recent studies confirmed these structural changes, including the
presence/absence of orthorhombic structures, by X-ray diffraction analysis (not shown).
Prior studies demonstrated the coexistence of hexagonal and tightly packed orthorhombic
structures in the SC [41, 48, 49]. The latter orthorhombic structures are thought to contribute
to the reduced permeability and barrier competence of normal SC [41, 48, 49]. Recent report
suggests that addition of a monounsaturated fatty acid increases hexagonal structures in
model membranes [50], supporting these DSC studies, i.e., an increase in the ratio of
sphingosine (monosaturated) levels to sphinganine (saturated) decreases in orthorhombic
structures. However, it remains to be determined how an increase in desaturated species of
sphingoid bases alter membrane structure and permeability in AD, while conversely how
different ratios of So to Sa improve membrane stability. Changes not only in sphingoid base
profile, but also Cer species, as well as altered rations of cholesterol and FFA could
(additively) alter lamellar membrane structures. Pertinently, recent studies suggest that the
shorter carbon chain lengths of Cer in AD could contribute to attenuations of permeability
barrier function [51]. Nevertheless, together with our functional assessments using the
carboxyfluorescein release assay, our results show that LV with normal sphingoid base
profiles form more tightly packed lamellar structures that lead to less permeable membrane
than membranes reconstituted with AD levels of the bases. Hence, abnormal sphingoid base
species likely contribute to the barrier abnormality in AD.
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AD atopic dermatitis

CFC 2,5-carboxyfluorescein
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Cer ceramide

DSC Differential scanning calorimetry

FFA free fatty acids

Sa sphinganine

So sphingosine

LV unilamellar vesicles

SDS sodium dodecyl sulfate

SC stratum corneum
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Figure 1.
Exogenous detergent (A) or heat stress (B) attenuates membrane stability of LV. Membrane
stability was assessed by CF release from LV. Furthermore, LV containing either So or Sa
further decreases membrane stability. Insert: Electron Microscopy (60 kV) of LV (x100K).
LV solutions were stained with uranyl acetate and examined in an electron microscope
(Zeiss 10A, Carl Zeiss, Thornwood, NY). Similar results were obtained when the
experiment was repeated using three different liposome preparations. See details in
Materials and Methods.
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Figure 2.
Neither exogenous So nor Sa, added at the highest concentrations used in the LV (Figs. 1
and 3), stimulated the release of significant amounts of CFC (as in Table 2, only = 0.2%
with added So, and = 0.05% with added Sa). Similar results were obtained when the
experiment was repeated using three different liposome preparations. See details in
Materials and Methods.
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Figure 3.
Thermogram of lipid model (A), enthalpy of phase transition (B), and polarized microscopy
(C) of LV containing both So and Sa at normal or AD SC levels. Similar results were
obtained when the experiment was repeated using five different liposome preparations. The
column represents the mean ± S.D. (n=3). NS vs. AS *p<0.05. The scanning rate was 1 °C/
min, and PIPES buffer was used as reference. See details in Materials and Methods.
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Table 1

Major lipid and sphingoid base content in the normal and atopic dermatitis (AD) model mouse stratum
corneum

Mass concentration (μg/mg dry weight)

Normal AD

Cholesterol 17.2 ± 0.78 24.9 ± 0.10*

Free Fatty Acids 19.3 ± 2.92 15.1 ± 1.38

Total Ceramides 11.0 ± 0.80 11.5 ± 0.30

 EOS (Cer 1) 2.19 ± 0.78 1.04 ± 0.20*

 NS (Cer 2) 3.87 ± 0.28 3.36 ± 0.11

 NP (Cer 3) 1.59 ± 0.15 0.74 ± 0.12*

 AS (Cer 5)# 3.33 ± 0.22 2.86 ± 0.31

 AS (Cer 5)## 1.33 ± 0.12 1.63 ± 0.12

C18-Sphingosine 1.52 ± 0.34 2.40 ± 0.55

C18-Sphinganine 0.28 ± 0.06 0.16 ± 0.08**

Ratio C-18 So to Sa 5.43 14.3*

Cer structures are according to Motta S. et al. [52] and Robson KJ, et al. [53]: EOS (Cer 1), esterified ω-hydroxy (OH) FA with sphingosine; NS

(Cer 2), non-OH FA with sphingosine; NP (Cer 3), non-OH FA with phytosphingosine; AS (Cer 5), α-OH FA with sphingosine. AS# are more

hydrophobic species of AS, i.e., containing longer amide-linked fatty acids, compared with AS##. The data are indicated as the mean value ± SD
(n=4–6 mice).

*
p>0.01;

**
p>0.02 vs. Normal. See details in Materials and Methods.
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