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BACKGROUND/OBIJECTIVES: Atopic dermatitis (AD), a chronic inflammatory skin disease, is accompanied by disruption of the
epidermal lipid barrier, of which ceramide (Cer) is the major component. Recently it was reported that vitamin C is essential
for de novo synthesis of Cer in the epidermis and that the level of vitamin C in plasma is decreased in AD. The objective
of this study was to determine the associations among clinical severity, vitamin C in either plasma or epidermis, and Cer
in the epidermis of patients with AD.

SUBJECTS/METHODS: A total of 17 patients (11 male and 6 female) aged 20-42 years were enrolled. The clinical severity of
AD was assessed according to the SCORAD (SCORing Atopic Dermatitis) system. Levels of vitamin C were determined in plasma
and biopsies of lesional epidermis. Levels of epidermal lipids, including Cer, were determined from tape-stripped lesional epidermis.
RESULTS: The clinical severity of patients ranged between 0.1 and 45 (mild to severe AD) based on the SCORAD system. As
the SCORAD score increased, the level of vitamin C in the plasma, but not in the epidermis, decreased, and levels of total
Cer and Cer2, the major Cer species in the epidermis, also decreased. There was also a positive association between level
of vitamin C in the plasma and level of total Cer in the epidermis. However, levels of epidermal total lipids including triglyceride,
cholesterol, and free fatty acid (FFA) were not associated with either SCORAD score or level of vitamin C in the plasma of
all subjects.

CONCLUSIONS: As the clinical severity of AD increased, level of vitamin C in the plasma and level of epidermal Cer decreased,
and there was a positive association between these two parameters, implying associations among plasma vitamin C, epidermal

Cer, and the clinical severity of AD.
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INTRODUCTION

Atopic dermatitis (AD) is a chronic inflammatory skin disease
characterized by dried pruritic and eczematous skin lesions [1].
Genetic and environmental factors contribute to some extent,
however an aberrant immune response of elevated immunog-
lobulin E (IgE) and impairment of the epidermal lipid barrier,
in which ceramide (Cer), combined with triglyceride (TG),
cholesterol and free fatty acid (FFA) forms intercellular lamellae,
is frequently involved in the pathogenesis of AD [2-4]. As the
main lipid of the stratum corneum (SC), the outermost layer
of epidermis, Cer plays a critical role in maintaining the lamellae
of the epidermal barrier, and depletion of Cer is thought be
an etiological factor for impaired integrity of the epidermal
barrier in AD [5-7]. During differentiation of the epidermis, Cer
is synthesized de novo with the enzymatic condensation of

serine and palmitoyl-CoA to sphingoid bases by serine palmitoyl
transferase (SPT), followed by hydroxylation and esterification
of long-chain FA by ceramide synthase (CerS) [8]. Several dietary
factors including essential fatty acid [9], vitamin D [10], calcium
[11], and vitamin C [12,13] play a role in the epidermal differen-
tiation process. Of these, calcium has received much interest
as a putative epidermal differentiation factor; however, the
0.07-1.2 mM calcium gradient from the basal layer to the
granular layer of the epidermis does not extend to the SC [11].
As a cofactor, vitamin C increases the activity and expression
of CerS for hydroxylation of sphingoid bases and long-chain
FA for de novo Cer synthesis in the SC. Recent cutaneous studies
have reported decreased levels of vitamin C in the plasma and
dermis of patients with AD [14,15], and inhibition of de novo
Cer synthesis in lesional skin of AD [16]. However, information
about the associations among vitamin C, Cer, and clinical
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severity of AD is limited. Therefore, in this study, we determined
the clinical severity, vitamin C levels in plasma and epidermis,
and Cer level in the epidermis of patients of AD and further
examined their associations.

SUBJECTS AND METHODS

Subjects and epidermal biopsies

The study protocol was approved by the Clinical Research
Institutional Review Board of K University Hospital (KMC IRB
1235-02). Participants met the following criteria: nonsmokers;
not suffering from acute and serious chronic diseases other than
AD; not taking systemic or topical medications for at least 2
months prior to this study; not taking dietary supplements such
as vitamins, antioxidants, and minerals. A total of 17 patients
(11 male and 6 female) ranging in age from 20 to 42 years,
who had AD with no other history of skin disease as determined
through clinical and histological assessment, were enrolled and
provided informed consent. Body mass index (BMI) was calculated
using the equation: weight (kg)/height (m?).

Of 17 patients, 10 patients (9 male and 1 female) provided
informed consent for skin biopsy of lesional epidermis. Using
a 4-mm punch, biopsies were obtained from the lesional skin
of the lower extremities, back, or arms. The epidermis was
separated from whole-skin biopsies by overnight incubation at
4°C in a 1:1 (v/v) mixture of dispase solution (Dispase Il, Roche
Diagnostics, Mannheim, Germany) and Hank's balanced salt
solution (HBSS, Life Technologies, Grand Island, NY, USA). The
separated epidermis for vitamin C analysis was stored at -80°C
for up to 1.5 months [17].

Assessment of clinical severity of AD

The severity of AD was assessed according to the SCORAD
(SCORing Atopic Dermatitis) system, which computes scores on
a scale of 0-83 using the following algorithm: SCORAD=A/5
+7(B/2), in which A is the percentage of body area affected
by lesions as determined by the "Rule of Nines" and B is intensity
scored on a relative scale from 0 to 3 for each of the following
six signs: redness, swelling, oozing/crusting, scratch marks, skin
thickening (lichenification), and dryness [18]. The following
cutoff values for objective SCORAD scores were suggested for
rating the clinical severity of AD: mild, < 15; moderate, 15-40;
and severe >40 [18].

Blood analysis

After fasting overnight, blood was collected and delivered to
the laboratory on the same day. Routine biochemical variables
for nutritional status were analyzed, and factors related to AD
diagnosis, including erythrocyte sedimentation rate (ESR), anti-
streptolysin (ASO) level, and immunoglobulin E (IgE) level [2,19],
were determined using routine methods at the Department of
Laboratory Medicine at K University Hospital (Seoul, Korea).

Vitamin C analysis in plasma and epidermis

Blood was collected in heparin-treated test tubes. Plasma was
separated by centrifugation at 1,000 x g for 15 min at 4°C and
stored at -80°C within 1.5 months (the same storage period of
the epidermis) with no intermediate thawing/refreezing [17,20].

One volume of plasma was mixed with two volumes of 90%
methanol (MeOH) in H,O containing 0.05% ethylenediami-
netetraacetic acid (EDTA), incubated for 10 min at 4°C, and
supernatant was collected after centrifugation at 1,000 x g for
8 min at 4°C [21]. Biopsied epidermis was homogenized with
ice-cold 90% MeOH in H,O containing TmM EDTA, 50 pM
deferoxamine mesylate, and 1.5mM butylated hydroxytoluene
bubbled with argon gas. After centrifugation at 3,000 x g for
3 min at 4°C, supernatant was collected for vitamin C analysis
[17], and the debris was used for measurement of protein
concentration using a modified Lowry method [22].

Vitamin C analysis of supernatants was performed using high
performance liquid chromatography-electrochemical detection
(HPLC-ECD) using a C18 column (3 x 250 mm, ID 5 pm, Shiseido,
Yokohama, Japan), as described previously [21]. Vitamin C was
eluted with isocratic mobile phase (MeOH: H,O, 25:75, v/v,
pH4.8) containing 0.05 M sodium phosphate, 0.05 M sodium
acetate, 189 uM dodecyl trimethyl ammonium chloride, and
36.6 UM tetraoctyl ammonium bromide at a flow rate of 0.4
ml/min, and detected at 254 nm in an electron capture detector
(Shiseido). The separated vitamin C was identified and quantified
by calibration curves using various concentrations of vitamin
C (L-ascorbic acid: A7506, Sigma-Aldrich, St. Louis, MO, USA).
Levels of vitamin C were expressed as either pmol/L (plasma)
or umol/mg protein (epidermis).

Epidermal lipid analysis

Epidermis was stripped from lesional forearms using tape
strips (22-mm D-SQUAME Tape, Cu Derm, Dallas, TX, USA) and
stored at -20°C until further analysis. Corneocytes were removed
from the tapes by sonication in MeOH, and the lipids were
extracted in Folch solution (CHCls: MeOH (2:1, v/v) as reported
previously [23]. The top phase was used for measurement of
protein concentration using a modified Lowry method [22]. The
extracted lipids (lower phase) were subjected to high- perfor-
mance thin layer chromatography (HPTLC) on 0.20-mm silica
gel 60-coated plates (Merck, Darmstadt, Germany). Fractiona-
tion of TG, cholesterol, FFA, and total Cer was performed using
the modified method of Uchida et al. [24]. Specifically, the
samples applied on the plates were first eluted up to 2 cm
using CHCl3: MeOH: H,O (10: 2.5: 0.25, v/v/v), up to 5 cm using
CHCls: MeOH: acetic acid (11.25: 1.25: 0.13, v/v/v), up to 7 cm
using hexane: diethyl ether: acetone (2.5: 10: 0.63, v/v/v) and
finally up to the top (9.5 cm) using hexane: diethyl ether (12:
0.37, v/v). Individual Cer species (Cer1-7) were fractionated first
using CHCls: MeOH: H,O (40:10:1, v/v/v) to 2 cm and again to
5 cm, followed by CHCl3: MeOH: acetic acid (47:2:0.5, v/v/v) to
8.5 cm and finally n-hexane: diethyl ether: acetic acid (30:15:0.5,
v/v/v) to the top, as described previously [25]. The fractions
containing TG, cholesterol, FFA, total Cer, or individual Cer
species that comigrated with respective standards were treated
with cupric acetate-phosphoric acid, heated to 160°C for 15 min
and scanned using a TLC Il scanner (CAMAG, Muttenz,
Switzerland). Levels of fractionated lipid were expressed as
pug/mg protein.

Statistical analysis
Statistical analysis was performed using SPSS software (ver.
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21.0, IBM, Armonk, NY, USA) and values were expressed as mean
+SEM (standard error of the mean). Pearson’s correlation
analysis was performed to determine associations among
clinical severity, the level of vitamin C in plasma or epidermis,
and epidermal lipid levels (Table 3: Fig. 1). Two-sided P-values
<0.05 were considered statistically significant.

RESULTS

General characteristics and blood analysis of subjects

A total of 17 patients (11 male, 6 female) aged between 20
and 42 years participated in this study. The mean age of male
and female subjects was mid to late 20s, and BMI was in the
normal range. Based on SCORAD scores, male subjects had

Table 1. General characteristics of subjects

Variable Male Female Total
(n=11) (n=6) (n=17)

Subject numbers (%) 64.7 353 100
Age (yrs) 287+2.1" 255+ 1.4 276+14
Height (cm) 1756+2.2 1626+ 1.4 171.0+ 2.1
Body weight (kg) 726+25 526+ 2.1 65.5+2.9
BMI? (kg/m?) 23.6+09 19.9 +0.6 223+08
SCORAD? index 285+28 99+30 21.9+30
Clinical severity of AD? (%)
Mild (SCORAD < 15) 0 (00.0%) 4 (66.7%) 4 (23.5%)
Moderate (SCORAD 15-40) 9 (81.8%) 2 (333%) 11 (64.7%)
Severe (SCORAD > 40) 2 (18.2%) 0 (00.0%) 2 (11.8%)

Y Values are Mean = SEM or number (%)
2 BMI: Body Mass Index; SCORAD, SCORIing Atopic Dermatitis: ranged between
0 and 83; AD: Atopic Dermatitis

Table 2. Blood analysis of nutritional status in subjects with atopic dermatitis

moderate to severe AD, while female subjects had mild to
moderate AD (Table 1). In routine biochemical analysis of blood,
the means and the minimum-maximum ranges for all variables
of nutritional status in male and female subjects were within
the normal ranges (Table 2). In analysis of factors related to
AD diagnosis, ESR and ASO were still within the normal ranges;
however, the means and the maximum levels of IgE were highly
elevated above the normal range in both male and female
subjects.

Association of SCORAD with vitamin C in the plasma or epidermis
and epidermal lipids

Detailed data on SCORAD scores, vitamin C level in the
plasma or epidermis, and epidermal lipid levels in individual
subjects are shown in Table 3. The SCORAD scores of male
subjects ranged between 15.0 and 45.0, corresponding to
moderate to severe AD, while scores of female subjects ranged
between 0.1 and 18.5, indicating mild to moderate AD. Vitamin
C levels in the plasma of male subjects ranged between 6.84
and 29.72 (umol/L), and showed inverse association with
SCORAD scores (r=-0.621, P=0.041). Vitamin C levels in the
plasma of all subjects ranged between 6.84 and 31.34 (umol/L),
and despite no association between SCORAD score and vitamin
C levels in the plasma of female subjects, a significant inverse
association of these two parameters was observed for all
subjects (r=-0.512, P=10.035). The mean level of vitamin C in
lesional epidermal biopsies of 10 subjects was higher than that
in plasma, but there was no association between SCORAD score
and vitamin C levels in the epidermis.

Vitamin C is a cofactor of CerS, an enzyme for de novo
synthesis of Cer, the major component of the epidermal lipid

Variables Male (n=11) Female (n=6)
Glucose (76-100 mg/dL)? 866 +28 (72.0-100.0)" 91.8+1.2 (88.0-96.0)
ASTY (<40 U/L) 259 +3.1 (19.0-28.0) 187 +12  (16.0-23.0)
ALT? (<40 U/L) 288 £84  (10.0-39.0) 115+17 (6.0-16.0)
BUN® (8-23 mg/dL) 139 £08 (10.0-18.0) 93+07 (80-12.0)
Creatinine (M: 0.6-1.2, F: 0.5-1.0 mg/dL) 09+00 (0.7-1.2) 06 +£00 (0.60.7)
Total Protein (5.8-8.0 g/dL) 77 £01  (7.0-7.9) 7702 (7.3-80)
Albumin (3.1-5.2 g/dL) 46 +0.1 (42-49) 46£01 (4449
Total Bilirubin (0.2-1.1 mg/dL) 0601  (03-1.1) 08+02 (04-1.1)
ALP? (39-108 IU/L) 735 £64  (47.0-87.0) 498 £40  (41.0-64.0)
Calcium (8.4-10.2 mg/dL) 92+01 (8798 93+0.1 (8999
Phosphorus (2.5-5.5 mg/dL) 36 +0.1 (2842 3.6 £0.1 (3.3-39)
Uric Acid (3.0-8.3 mg/dL) 65+04 (4379 45+03 (3.7-6.0)
WBC? (4.0-10.0 10%/uL) 63+04 (47-75) 70+05 (589.1)
Hemoglobin (M: 13-17, F: 12-16 g/dL) 154 +02 (146-16.8) 137 £04 (126-15.2)
Hematocrit (M: 42-52, F: 37-47%) 452 +05 (43.5-487) 405+1.1 (37.645.2)
Platelet (150-350 10°/pL) 285.0 +163 (202.0-330.0) 2547 153 (198.0-300.0)
ESRY (M: 0-15, F: 0-20 mm/hr) 85+23 (2.0-13.0) 93+28 (20-180)
ASO? (<200 1U/ml) 1,556 +186 (91.4-187.0) 111.7 £304 (52.2-199.0)

IgE¥ (< 100 1U/ml)

1,209.8 + 395.7 (43.0-3650.0)

453.3 +300.4 (23.5-1940.0)

) Mean + SEM; range (minimum-maximum) in parentheses

AValues in parentheses indicate the normal range of each variable for male (M), female (F) or all subjects
9 AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; ALP, alkaline phosphatase; WBC, white blood cell; ESR, erythrocyte sedimentation

rate; ASO, anti-streptolysin O; IgE, immunoglobulin E
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Table 3. SCORAD scores, plasma and epidermal vitamin C, and epidermal lipids in subjects with atopic dermatitis

Vitamin C Epidermal lipids
Subject numbers SCORAD in plasma in epidermis Total lipids TG? Chol? FFA? Total CER? CER 2
(umol/L) (umol/mg protein) (ug/mg protein)

Male subjects (n=11)

1 15.0 25.80 39.15 619.2 1755 89.2 65.8 288.7 1126

2 19.0 15.36 28.73 5394 92.7 86.0 513 309.3 107.2

3 19.5 19.73 43.15 4703 88.7 92.8 14.6 2743 95.7

4 25.0 1643 49.63 466.9 1259 729 333 2348 80.1

5 25.0 16.96 - 465.1 165.5 88.2 10.8 200.7 105.9

6 265 29.72 37.18 617.7 103.8 80.3 66.3 367.3 126.8

7 30.0 19.87 55.50 585.1 171.7 67.0 67.4 2789 136.5

8 320 6.84 - 465.8 1923 386 51.6 1834 127.2

9 34.0 12.13 31.68 403.3 1333 69.0 66.8 134.1 575

10 420 824 26.34 394.7 153.0 69.3 734 99.1 28.8

11 45.0 12.30 13.10 5734 182.6 88.6 99.4 202.8 93.7
Female subjects (n=6)

1 0.1 23.06 - 6726 130.0 40.1 53.6 4489 291.9

2 35 16.24 - 450.1 76.5 594 51.7 262.5 180.6

3 8.0 17.37 - 807.4 130.0 38.2 48.4 590.8 369.2

4 135 31.34 21.05 502.0 11.7 428 356 3119 2245

5 16.0 2232 - 431.2 68.1 84.1 10.3 268.7 169.4

6 185 14.18 - 449.6 193.0 59.8 52.0 144.7 59.0
Male subjects

Mean + SEM 285+28 16.67 £2.09 36.05 +4.28 509.2 +24.5 1441 £11.2 765 +4.7 546+79 2340239 97.5+9.7

r value with SCORAD (P") -0.621 (0.041)*  -0.556 (0.120)  -0.320 (0.337) 0.440 (0.176) -0.360 (0.277) 0.612 (0.045)* -0.667 (0.025)* -0.450 (0.165)
Female subjects

Mean + SEM 99+30 20.75+255 21.05 552.1+62.6 1182+ 184 54172 419+£6.9 3379+64.5 215.8+43.7

r value with SCORAD (P) 0.017 (0.975) - -0.504 (0.308) 0.268 (0.607) 0.509 (0.302) -0.520 (0.290) -0.568 (0.240) -0.618 (0.191)
All subjects

Mean + SEM 219+30 1811+1.65 34.55 +4.11 5243+265 1350+99 68.6 4.7 50.1+5.7 270.6 £ 29.1 139.2+21.2

r value with SCORAD (P) -0.512 (0.035)* -0.307 (0.389) -0.384 (0.128) 0.472 (0.056) 0.367 (0.147) 0.446 (0.073) -0.659 (0.004)* -0.706 (0.002)*

Y Association of each variable with SCORAD by Pearson’s correlation analysis, Avalue for significance of association with SCORAD

2 TG, triglyceride; Chol, cholesterol; FFA, free fatty acid; CER, ceramide
* Pvalue <005

barrier, which is frequently implicated in the pathogenesis of
AD [2-4], therefore we reasoned that altered levels of epidermal
lipids might also be associated with the clinical severity of AD.
However, analysis of epidermal lipids showed that the levels
of epidermal total lipids including TG, cholesterol, FFA, and Cer
[2-4], were not associated with clinical severity of AD (Table
3). When epidermal total lipids were further fractionated, level
of FFA (r=0.612, P=0.045) showed positive association, and
level of total Cer (r=-0.667, P=0.025) showed inverse association
with SCORAD score in male subjects. In addition, levels of total
Cer (r=-0.659, P=0.004) and Cer2 (r=-0.706, P =0.002), the
major Cer species in epidermis [26], showed inverse association
with SCORAD score in all subjects. Other Cer species, including
Cer1 and Cer3-7, were fractionated as minor Cer species, but
were not associated with SCORAD score (data not shown). Other
major epidermal lipids, including TG and cholesterol, showed
no association with SCORAD score. Together, these data indicate
that levels of total Cer, particularly Cer2 in the epidermis as
well as level of vitamin C in the plasma, were negatively
associated with clinical severity (mild to severe) of AD in all

subjects. Level of FFA in the epidermis showed a positive
association in cases of moderate to severe AD in male subjects.

Association of vitamin C in the plasma with epidermal Cer and
Cer2

In contrast to the positive association of epidermal FFA with
SCORAD score in male subjects with moderate to severe AD,
an inverse association of either vitamin C level in the plasma
or Cer level in the epidermis with SCORAD score was observed
in all subjects with mild to severe AD. Therefore, we further
examined the association between vitamin C in plasma and
epidermal Cer (Fig. 1). A decreased level of vitamin C in plasma
showed positive association with a decrease in total Cer of
epidermis (r=0.528, P=0.029). Although Cer2, the major Cer
species in the epidermis, showed inverse correlation with
SCORAD score of all subjects, there was no association between
vitamin C level in plasma and epidermal Cer2 level. These results
indicate that as the clinical severity of AD progressed, vitamin
C level in the plasma decreased in parallel with a decrease in
total Cer of epidermis.
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Fig. 1. Association of plasma vitamin C with total ceramide in the epidermis
of subjects with atopic dermatitis. Vitamin C level in plasma was determined by high
performance liquid chromatography-electrochemical detection (HPLC-ECD), Epidermal
lipids of subjects with atopic dermatitis (AD) (n=17) were collected by tape stripping and
total ceramide (Cer) was fractionated by high-performance thin-layer chromatography
(HPTLC), Association of plasma vitamin C with total Cer in the epidermis of subjects with
AD was determined by Pearson’s correlation analysis,

DISCUSSION

In AD, abnormal immune responses increase the levels of
cytokines such as IL-2, leading to increased generation of
reactive oxygen species (ROS) and lipid peroxides such as
malondialdehyde [15]. As protection against these harmful
factors, antioxidants such as vitamin C and E, and glutathione
function as proton (H+) acceptors and directly neutralize these
factors. This antioxidant function may explain the low levels of
vitamin C and elevated levels of malondialdehyde in the plasma
of patients with AD [14]. On the other hand, vitamin C levels
in the plasma of adult patients with AD and healthy subjects
are similar, but vitamin C levels in the dermis of patients with
AD are significantly lower than those of healthy subjects [15],
suggesting an association between the pathogenesis of AD and
vitamin C level either in plasma or skin. Compared to a normal
vitamin C range of 25-80 pmol/L in the plasma of healthy
subjects [15,27], 14 of 17 AD subjects (82.4%) in the current
study had a plasma vitamin C level of <25 pmol/L; only 3 of
17 subjects with mild to moderate AD had a normal vitamin
C level of > 25 pmol/L, while two subjects with severe AD had
extremely low plasma vitamin C levels (8.24 and 12.30 ymol/L,
respectively). These results, coupled with the inverse association
between vitamin C levels in plasma and SCORAD scores of all
subjects, indicate that as the clinical severity progressed from
mild to severe AD, the decrease in vitamin C level in the plasma
was further aggravated. Alterations in dietary intake, gastroin-
testinal absorption, renal excretion, or antioxidant utilization of
vitamin C could explain the low vitamin C levels in the plasma
of AD patients [27], however this remains to be elucidated in
future studies. In contrast to vitamin C level in plasma, there
was no association of vitamin C level in epidermis with clinical
severity of AD. Epidermal biopsies were obtained for a limited
SCORAD range from moderate to severe AD and mostly from
male subjects, which might explain the lack of association
between clinical severity of AD and vitamin C level in epidermis.

Vitamin C analysis in epidermal biopsies from patients with mild
AD and large scale analyses of vitamin C levels in epidermal
biopsies from patients with mild to severe AD should be
included in future studies.

In addition to vitamin C level in plasma, the levels of total
Cer and Cer2 in the epidermis were negatively associated with
clinical severity ranging from mild to severe AD (all subjects)
or from moderate to severe AD (male subjects). Levels of
epidermal lipids other than total Cer and Cer2 were not
associated with mild to severe AD, which is consistent with a
previous study that reported no significant difference in total
skin surface lipid content between AD patients and normal
subjects [28]. Decreases in the level of Cer are associated with
dryness and epidermal barrier disruption in AD [6]. Regarding
Cer metabolism, extremely high activities of ceramidase, an
enzyme of Cer degradation or of sphingomyelin (SM) deacylase
and glucosylceramide (GC) deacylase, enzymes that hydrolyze
GC and SM, two major precursor lipids of Cer generation, have
been demonstrated to be metabolic features leading to decreased
levels of Cer in AD [29]. Decreased expression of CerS is
paralleled by reduced levels of total Cer in the epidermis of
AD [30]. In male subjects with moderate to severe AD, levels
of FFA in epidermis were positively associated with clinical
severity. This association was not observed in female subjects
with mild to moderate AD, suggesting that the increased levels
of FFA become more relevant with progression of AD to more
than moderate severity. The negative association of either total
Cer or Cer2 in epidermis with clinical severity of AD, together
with previous reports of decreased Cer generation and elevated
Cer degradation in AD [6], suggests that the decreased levels
of total Cer or Cer2 may be an indicator of clinical severity of
AD.

Although the SCORAD scoring system is used routinely in
clinics, it remains a subjective evaluation, in which scores vary
depending on the clinicians involved in evaluation. Epidermal
lipid analysis is objective, but requires complicated procedures
over a long period of time, emphasizing the need for objective
and simple biomarkers that reflect the clinical severity of AD
and the Cer level in the epidermis. As a cofactor of CerS in
de novo Cer synthesis, which is similar as a cofactor of proline
hydroxylation in collagen synthesis [31], vitamin C facilitates the
hydroxylation of sphingoid bases and FA generating a-hydroxy
FA, o-hydroxy FA, or various sphingoid bases [12,13], which are
major structural moieties of Cer providing the driving force for
lamellar integrity of the epidermal barrier [3,8]. In keratinocytes,
the major cells of the epidermis, vitamin C treatment increases
Cer generation and induces differentiation into normal SC [12].
Alterations in dietary intake, gastrointestinal absorption, renal
excretion, or antioxidant utilization of vitamin C should be
determined in order to explain the low vitamin C levels in the
plasma of AD patients, however, we demonstrate for the first
time that levels of vitamin C in the plasma and Cer in the
epidermis decreased as the clinical severity of AD increased,
and that there is a positive association between these two
parameters, implying associations among plasma vitamin C,
epidermal Cer, and the clinical severity of AD.
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