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Abstract

Background: The nonlesional skin of atopic dermatitis (AD) children with peanut allergy (PA) 

is associated with increased transepidermal water loss (TEWL), low urocanic (UCA) and 

pyroglutamic (PCA) acids (filaggrin [FLG] breakdown products), and reduced ratio of esterified 

ω-hydroxy fatty acid sphingosine ceramides (EOS-CER) to non-hydroxy fatty acid sphingosine 

ceramides (NS-CER) in the skin. The skin barrier of PA without AD (AD−PA+) subjects has not 

been studied.

Objective: To explore whether AD−PA+ is associated with skin barrier abnormalities.

Methods: 33 participants were enrolled including 13 AD−PA+, 9 AD+PA+, and 11 non-atopic 

participants (NA).

Results: The content of PCA in the stratum corneum (SC) of AD−PA+ subjects was significantly 

reduced in comparison to NA (Median: 67 vs 97 μg/mg protein; p=0.028). The ratio between cis- 

and trans-UCA significantly decreased from being the highest in NA group (1.62) to the lowest in 

AD+PA+ group (0.07, p<0.001 vs NA; p=0.006 vs AD−PA+ group), with AD−PA+ group having 

intermediate cis/trans-UCA ratio (1.17, p=0.024 vs NA group). The TEWL in AD−PA+ subjects 

did not differ from NA skin. Interestingly, AD−PA+ subjects had increased EOS/NS-CER ratio vs 

NA (1.9 vs 1.3; p=0.008), while AD+PA+ group had decreased proportion of EOS-CER (0.8, 

p=0.001 vs AD−PA+ group).
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Conclusion: Our data demonstrate that, irrespective of AD, PA is associated with decreased skin 

cis-UCA and PCA content. An increase in skin EOS/NS-CER ratio separates AD−PA+ from AD

+PA+ and NA groups.

Capsule Summary

Skin in peanut allergy (PA) without atopic dermatitis (AD) is associated with low levels of 

filaggrin (FLG) breakdown products. Increased long chain lipids distinguish this group from PA 

with AD and normal skin.
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INTRODUCTION

Food allergy (FA) affects nearly 7% of children and is associated with major health burdens 

(1). Peanut allergy (PA) is the most common form of FA and is thought to be associated with 

skin barrier dysfunction. Skin barrier abnormalities allow allergen penetration through the 

skin, immune cell sensitization, and systemic immunoglobulin E (IgE) responses to 

allergens (2,3). This scenario has been most convincingly demonstrated in filaggrin (FLG) 

deficient mice (4) and humans with atopic dermatitis (AD) (5). Risk factors for individuals 

who have concurrent AD with PA (AD+PA+) include early onset of AD, severity of AD, and 

duration of AD (6,7). Importantly, a recent study reported that early intervention in the 

treatment of AD reduces the occurrence of PA (8). This suggests that early detection of 

infants with skin barrier abnormalities may represent a window of opportunity for prevention 

of PA and other forms of FA.

There is also a subset of children who do not not have any history of AD but develop peanut 

allergy (AD−PA+) (9). It is not known if AD−PA+ subjects have a normal skin barrier. 

Recently, we have presented evidence that AD+PA+ children can be assigned to a distinct 

endotype and separated from children who have AD but not PA (AD+PA−) by a 

combination of parameters that include transepidermal water loss (TEWL), decreased skin 

urocanic acid (UCA) (surrogate marker for low FLG expression), increased type 2 immune 

activation, and reduced long chained esterified ω-hydroxy fatty acid sphingosine ceramides 

(EOS-CER) expression (10). Here we present evidence that the skin of AD−PA+ individuals 

has a distinct profile of polar and lipid components and that AD−PA+ subjects represent a 

distinct endotype different from AD+PA− or AD+PA+ subjects. Altogether, our findings 

provide a strong support for the hypothesis that the PA, with or without AD, is associated 

with an imbalance of stratum corneum (SC) lipid and protein components known to 

facilitate sensitization to allergens through the skin.

METHODS

Study design

In this article, we report our observations from a prospective, clinical mechanistic study 

approved by The National Jewish Health Institutional Review Board. Written informed 
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consent was provided by the parent/legal guardian and written assent was provided by the 

participant, as applicable, before participation. Importantly, all laboratory data were 

analyzed without knowledge of study participant diagnostic group in order to eliminate any 

investigator bias. Endpoints measured in this study included TEWL area under the curve 

(TEWL AUC) assessed in nonlesional skin prior to skin tape stripping (STS) and repeated 

after 5, 10, 15, and 20 STS. STS samples were also assessed for FLG breakdown products 

and lipid profiles.

Study participants

A total of 33 participants were enrolled including 13 AD−PA+ participants, 9 AD+PA+ 

participants, and 11 non-atopic (NA) participants. The summary of study subjects clinical 

characteristics is shown in Table E1. NA controls were defined as those without a personal 

history of atopic diseases and negative skin prick tests to common foods and aeroallergens. 

All participants in the AD−PA+ and AD+PA+ groups had a history of immediate clinical 

reactions to peanut and a positive skin prick wheal size to peanut of 8 mm or greater (Table 

E1). Peanut wheal size was significantly greater in AD+PA+ subjects as compared to AD

−PA− subjects; no significant difference in peanut specific IgE was observed. The AD−PA+ 

group had no history of previous skin rash. The AD+PA+ had AD as described in reference 

10. Peanut-specific IgE was detected in serum samples from both AD−PA+ and AD+PA+ 

groups.

Skin Tape Strip (STS) collection

D-Squame tape strips (22 mm diameter, CuDerm) were collected from the upper extremity 

of each subject. Skin lesions were in the region of the antecubital fossa of all AD subjects. 

Nonlesional skin, which had a normal clinical appearance and no visible excoriations, was 

obtained 5 cm from the skin lesion. In all subjects without AD (AD− PA+ and NA), the 

nonlesional STS was just below the antecubital fossa. The D-Squame pressure instrument 

D500 was used to apply all tape strips with equivalent pressure (e.g. 225 g/cm2). On 

application of the first tape disc, four marks were placed around the disc with a pen so that 

subsequent discs could be applied to the same location. Each tape disc was applied to a 

designated surface area of a D-Squame Disc Storage Card (CuDerm) and then placed into a 

plastic pouch and stored at −80°C until STS analysis was conducted for FLG breakdown 

products, lipids, and by electron microscopy.

Skin barrier assessments

TEWL was assessed using the AquaFlux AF200 (Biox). All skin barrier measurements for 

TEWL AUC were made on nonlesional, non-flexural, non-sun exposed skin from the upper 

extremity in the region of the antecubital fossa. The baseline lesional TEWL was also 

assessed for AD participants. All TEWL measurements were made in temperature and 

climate-controlled conditions. SC integrity of nonlesional skin was measured by TEWL, at 

the baseline before tape stripping and after 5, 10, 15, and 20 tape strips. TEWL AUC was 

calculated as previously described (10).
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FLG skin measurements

FLG breakdown products, cis/trans-urocanic acid (total UCA) and pyrrolidone carboxylic 

acid (PCA), also known as pyroglutamic acid, were quantified via a liquid chromatography 

electrospray ionization tandem mass spectrometry (LC-ESI-MS/MS) approach on a Sciex 

6500QTRAP mass spectrometer coupled with a Shimadzu Nexera X2 UHPLC system as 

previously described (10). Briefly, SC from STS #15-16 was removed by scraping STS in 2 

ml water-methanol (9:1, v/v) solution in a Petri dish with a rubber cell scraper. Floating SC 

particles were carefully transferred into the glass screw cap tubes. Petri dishes were washed 

twice with 1 ml methanol, which was combined with primary SC suspension. Final SC 

particle suspension was further subjected to a modified Bligh and Dyer extraction (11). A 

known amount of U-[13C,15N]proline was added at this step to ensure absolute quantitation 

of targeted molecules. Extraction was performed overnight by adding 0.25 ml chloroform, 

then phase separation was achieved by adding 2.0 ml chloroform and 0.45 ml 2% formic 

acid, followed by intensive vortexing and centrifugation (2,000g x 10 min). After 

centrifugation, the bottom chloroform phase was collected and kept for lipid analyses while 

the upper water-methanol phase was re-extracted by adding 2.25 ml chloroform, followed by 

additional intensive vortexing and centrifugation. At the end, the upper water-methanol 

phase was carefully collected, dried under a nitrogen stream, redissolved in methanol/water 

(1:1, v/v), and subjected to the LC-ESI-MS/MS analysis. The chloroform layers were 

combined and processed for lipid analyses. The protein interface was subjected to hydrolysis 

with 1N NaOH at 80°C for 3 hours, then neutralized with 1N HCl. The sample protein 

content was measured using a DC Protein Assay kit (Bio-Rad) with bovine serum albumin 

(BSA) as a protein standard.

LC separation of cis/trans-UCA, PCA, and proline was achieved using an Acquity UPLC 

BEH Amide (2.1 × 100 mm, 1.7 pm particle size) column using a gradient from acetonitrile 

(Solvent A) to methanol:water:formic acid (65:35:0.5, with 5 mM ammonium formate) 

(Solvent B) and the following elution program: hold at 5%B until 0.5 min, then linear 

increase to 20%B at 1 min, then increase to 60%B at 3 min, hold at 60%B until 4.1 min, 

then decrease to 5%B by 4.5 min, and hold at 5%B until 5 min. All amino acids were 

detected in positive ion mode using the following transitions: mass to charge (m/z) 139.1 > 

m/z 121.1 (UCA), m/z 130.2 > m/z 83.9 (PCA), and m/z 122.1 > m/z 75.0 (U-[13C,
15N]proline). Exact quantitation of PCA and cis/trans-UCA was achieved by creating 

standard curves of responses of variable amounts of analytes versus a fixed amount of the 

internal standard (U-[13C,15N]proline). Authentic standards of cis-UCA, trans-UCA, and 

PCA were from MilliporeSigma (Burlington, MA); U-[13C,15N]-proline was from 

Cambridge Isotope Laboratories (Tewksbury, MA).

Analysis of SC lipids

STS processing for lipid extraction—The bottom chloroform layer from the extraction 

procedure was used for lipid analysis by mass spectrometry. A fixed amount of the internal 

standard (N-palmitoyl-D-erythro-sphingosine [d7], D7-ceramide) was added at the 

beginning of the extraction process. D7-ceramide as well as other standards of NS-

ceramides (N-16:0-, N-18:0-, N-20:0-, N-24:1-, and N-24:0-D-erythrosphingosines) were 
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from Avanti Polar Lipids, Inc (Alabaster, AL). Data were normalized to the total amount of 

hydrolyzed protein, determined as described above.

Lipid analysis by targeted lipid chromatography-tandem mass spectrometry—
EOS-CER and NS-CER were identified and quantified using a targeted LC-ESI-MS/MS 

approach on a Sciex 6500QTRAP mass spectrometer coupled with a Shimadzu Nexera X2 

UHPLC system as previously described (12). All molecules were detected in positive ions 

mode. EOS-CER and NS-CER were detected as a transition from molecular ions to the m/z 

264, m/z 292, and m/z 320 as our work has identified all three sphingoid bases (C18-, C20-, 

and C22-sphingosine) being present in human skin ceramides. Chromatography was 

performed on an Ascentis Express RP-Amide 2.7 pm 2.1 × 50 mm column using gradient 

elution from methanol:water:formic acid (65:35:0.5, 5mM ammonium formate) to 

methanol:chloroform:water:formic acid (90:10:0.5:0.5, 5 mM ammonium formate). 

Absolute amounts of NS-CER were determined in a quantitative and semi-quantitative way 

by using correction factors from standard curves that were created using variable amounts of 

N-14:0-24:0 ceramides with C18-sphingosine as a base versus a fixed amount of D7-

ceramide. Correction factors for molecular species for which there are no available standards 

were used with best possible approximation to the closest available molecular species of 

ceramide standards. Absolute amounts of EOS-CER were determined in a semi-quantitative 

way by using a correction factor from a standard curve created using variable amounts of 

N-24:0-D-erythro-sphingosine (24:0-CER) versus D7-ceramide.

Analysis of protein-bound ceramides by targeted lipid chromatography-
tandem mass spectrometry—Protein-bound ceramides were extracted from neutralized 

protein hydrolysates using Bligh and Dyer extraction (11). D7-ceramide internal standard 

was added again before initiation of extraction to allow semi-quantitative estimation of ω-

hydroxy ceramides that formed upon basic hydrolysis of proteins. Separation of ω-hydroxy 

ceramides was achieved using same chromatography conditions as described above. The 

identification of ω-hydroxy ceramides was performed against the authentic standard of 

ceramide 1 (d18:1/26:0/18:1) N-[26-oleoyloxy hexacosanoyl]-D-erythro-sphingosine) 

(Avanti Polar Lipids, Inc) subjected to the same hydrolysis procedure as protein, thus 

providing the standard of ω-hydroxy N-26:0-sphingosine (ω-hydroxy ceramide).

Statistical analysis

To compare differences in the demographic characteristics between groups, chi-square tests 

were used for categorical variables and Mann-Whitney or Kruskal-Wallis tests were used for 

two group or three group comparisons, respectively. Comparisons in FLG breakdown 

products, lipid ratios, free- and protein-bound EOS-CER between the three study groups 

were done using one-way ANOVA tests with multiple comparisons. P<0.05 was considered 

statistically significant.
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RESULTS

Skin TEWL measurements

TEWL was measured in nonlesional skin at the baseline before STS and after 5, 10, 15, and 

20 STS. At the baseline, TEWL was similar for all subjects. AD+PA+ subjects were found 

to have impaired skin barrier as demonstrated by progressively increasing TEWL with 

consecutive STS (Fig 1, A). However, AD−PA+ subjects did not demonstrate an impaired 

skin barrier as measured by the TEWL following 20 STS (Fig 1, A, red line). This is 

consistent with the lack of visible skin abnormalities and no personal history of AD in these 

subjects. Integration of TEWL measurements over all 20 STS layers (TEWL AUC) also did 

not reveal TEWL difference between NA and AD−PA+ groups (Fig 1, B).

Skin FLG breakdown products

It has previously been demonstrated that breakdown of FLG protein gives rise to skin 

components of Natural Moisturizing Factor (NMF), urocanic acid (UCA) and pyroglutamic 

acid (PCA) (13). The trans-UCA isoform is the direct product of histidine transformation, 

but under UV-light trans-UCA is converted to cis-UCA isoform. A previous study 

demonstrated a significant decrease in UCA and PCA levels in the skin of AD+PA+ subjects 

(10). In this study, this observation was confirmed: we found a significant decrease in the 

content of both total UCA and PCA in AD+PA+ subjects as compared to NA subjects (Fig 2, 

A and B). Surprisingly, the skin of AD−PA+ subjects also revealed the following trends of a 

decrease in UCA content (Fig 2, A) and a significant decrease in PCA content (Fig 2, B). 

Moreover, the individual analysis of the content of cis-UCA and trans-UCA in the skin 

revealed a noteworthy phenomenon. The ratio between cis- and trans- isoforms of UCA 

dramatically declined in AD+PA+ skin samples, and was also significantly decreased in the 

skin of AD−PA+ subjects as compared to NA subjects (Fig 2, C). Interestingly, the content 

of trans-UCA was not influenced by either AD or PA, but its conversion to cis-UCA was 

progressively affected in AD−PA+ and AD+PA+ subjects (Fig 2, D). This observation is 

especially important in view of previous data that demonstrated the immunosuppressive 

properties of cis-UCA but not trans-UCA (14–16). Our data suggests that the skin of AD

−PA+ people has diminished amounts of FLG protein, given the decreased levels of FLG 

breakdown products, UCA and PCA, in the skin of these subjects. Although the study 

groups were somewhat imbalanced by gender (Table E1), sex did not have any effect on the 

skin tape measurements (data not shown).

Skin lipids

One characteristic of ceramides, and all lipids in AD skin, is the overall shortening of their 

fatty acid chain length, which is a result of type 2 immune activation in the AD skin (12). 

Here we performed targeted lipidomic analysis of STS layers 15-16 in NA, AD−PA+ and 

AD+PA+ subjects to determine if this phenomenon is recapitulated in AD−PA+ subjects. 

Remarkably, AD−PA+ subjects did not show evidence of any changes in the chain length of 

sphingosine-linked fatty acids, as shown by the absolute amount of three major molecular 

species of NS-ceramides with palmitic (16:0), lignoceric (24:0), and behenic (26:0) fatty 

acids. In contrast, AD+PA+ subjects demonstrated a clear shift towards a prevalence of 

short-chained NS-ceramide with palmitic acid (Fig 3, A). Furthermore, the calculated ratio 
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between the short-chain N-16:0-sphingosine ceramide (16:0-NS-CER) and the sum of the 

long-chain N-24:0- and N-26:0-sphingosine ceramides (24:0-, 26:0-NS-ceramides) 

confirmed that the AD+PA+ group is clearly distinct from AD−PA+ and NA groups (Fig 3, 

B), while AD−PA+ group did not differ from NA subjects for this parameter.

EOS-CER are uniquely expressed in the skin and are critical for skin barrier function, 

including water retention in the skin. EOS-CER are present in the skin not only in free form, 

but they are also precursors to the oxidized and protein-bound ceramides (17,18). It was 

previously reported that the relative proportion of free EOS-CER within all ceramides is 

diminished in the skin of AD patients (19–21). In the current study, our semi-quantitative 

targeted EOS-CER analysis has shown that protein-normalized content of free and protein 

bound EOS-CER is decreased in AD+PA+ STS as compared to STS from NA subjects (Fig 

4, A–C). On the contrary, both free and protein-bound EOS-CER were significantly 

increased in the SC of AD−PA+ subjects relative to both NA and AD+PA+ groups (Fig 4, 

A–C). Furthermore, the proportion of EOS-CER was significantly increased in the skin of 

AD−PA+ subjects in comparison to the skin of both AD+PA+ and NA subjects, as shown by 

the ratio of total EOS/NS-CER in the STS analysis (Fig 4, D). These data suggest that the 

skin of AD−PA+ people has increased biosynthesis of EOS-CER as a potential mechanism 

to compensate for the loss of FLG and its degradation products. This compensatory increase 

in EOS-CER may account for lack of skin TEWL changes in AD−PA+ subjects.

DISCUSSION

Our current findings provide evidence that the stratum corneum of children with allergy to 

peanut is not normal and bears a distinctive epidermal signature. While the exact causation 

link between observed abnormalities in stratum corneum composition and the development 

of food allergy is yet to be defined, our data support the hypothesis that skin barrier 

abnormalities, i.e. low FLG, may facilitate the onset of PA irrespective of a past or present 

history of AD. This hypothesis is most strongly supported by animal model observations that 

the epicutaneous application of protein allergens to nonlesional skin of FLG-deficient mice 

results in the activation of type 2 cytokine production and generation of protein-specific IgE 

and IgG1 immunoglobulins (4). It has been further suggested that genetic or environmental 

factors lead to an impaired skin barrier with activation of skin proteases that facilitate 

allergen penetration (5, 22). Until now, there has been no information about the normal 

appearing skin of PA patients, specifically whether it is associated with impaired skin barrier 

function. In our study, we demonstrate that a routine measure of skin barrier function such as 

TEWL does not reveal skin impairment in PA only people (Fig 1), similiar to the lack of 

such demonstration in AD subjects without food allergy (10). This is consistent with the lack 

of AD in such individuals, since increased TEWL has primarily been associated with AD 

codiagnozed with allergy to multiple foods.

Our current study of the skin components that control skin pH and moisturization (FLG 

breakdown products: PCA and UCA) and provide hydrophobic barrier (lipids) has identified 

abnormalities in the skin composition of AD−PA+ subjects (Figs 2–4). These changes have 

never been previously observed when studying the skin of AD subjects with or without FA 

(10,12). What separates the skin of peanut-allergic people who do not have AD from those 
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who do is the lack of particular changes in lipid chain length that are driven by type 2 

cytokines in AD (12) and the increase in the proportion of ultra long-chain EOS-CER versus 

much shorter NS-CER (Fig 4 and references 10,12). Increased levels of EOS-CER are likely 

a compensatory response to an impaired FLG expression in the skin of AD−PA+ patients. It 

is not known what drives the decline in FLG expression in the skin of AD−PA+ patients (as 

measured by the content of its breakdown products PCA and UCA). Aside from FLG null 

mutations and type 2 cytokine regulation of FLG, there are many environmental causes of 

low FLG in the skin, including detergents, pollution, immune cytokines, and stress (23).

Our current study has revealed another phenomenon that has not been previously described 

in the literature. We have observed a unique decline in trans- to cis-UCA conversion in the 

skin of not only AD subjects with PA, but also in people with PA without AD (Fig 2, D). 

This observation has, potentially, a very important consequence for the development of 

allergic responses in the skin, as cis-isoform of UCA and not its trans-isoform possesses 

immunosuppressive properties through the ability to bind to serotonin 5-HT2A receptor (24). 

It is known that trans-UCA is initially formed from histidine, an amino acid that is enriched 

in FLG. Then it is converted to cis-UCA by UV-light (14–16). A recent study published in 

The Journal of Allergy and Clinical Immunology demonstrated that UV-light is more 

beneficial than vitamin D supplementation as an eczema prevention strategy (25), suggesting 

that along with skin vitamin D production, UV-light regulates cis-UCA levels in the skin, an 

additional immunoregulatory substance in the skin. Reduced levels of cis-UCA observed in 

the skin of PA subjects in this study suggests that they may be less exposed to UV-light, or 

there are additional factor(s) that are involved in trans- to cis-UCA conversion in the skin 

that are yet to be identified.

FLG is critical for skin barrier function not only due to its importance as a major source of 

NMF for the skin and the involvement of its breakdown product, cis-UCA, in local skin 

immunosuppression, but also by functioning as a core for the assembly of skin proteo-lipid 

complexes during corneocyte maturation (17,18). It is logical to expect that proper SC 

lamellar structure formation will be affected if the lamellar complexes assembly is impaired 

due to FLG insufficiency, even if the expression of other proteins, lipid components, and 

their binding to proteins are not affected. However, we did not find clear indications of the 

disturbance of lamellar structures in SC STS samples from AD−PA+ subjects (data not 

shown). Further investigation of a larger cohort of AD−PA+ subjects is required to 

characterize the skin epithelial barrier in AD−PA+ subjects.

We have recently described the mechanism driven by type 2 cytokines, IL-4 and IL-13, that 

shortens lipid chain length in the skin of people with AD (12). Clearly, lipids in the skin of 

people with PA only, but no AD, do not bear the signature of being affected by type 2 

cytokines (Fig 3). Surprisingly, we have observed an increase in the proportion of EOS-CER 

(free and protein-bound) in the skin of these people (Fig 4). This could be a sign of a 

potential, yet to be identified, compensatory mechanism for the lack of FLG expression that 

is observed only without hyperactivation of type 2 immune responses. This upregulation of 

EOS-CER biosynthesis might be responsible for the lack of abnormalities in skin TEWL in 

AD−PA+ subjects (Fig 1). However, this might not be enough to protect from allergen 
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penetration through the skin that has decreased content of FLG as measured by skin content 

of NMF (Fig 2).

In summary, the current study demonstrates that individuals with PA have reduced 

expression of immunosuppressive cis-UCA and PCA, the products of FLG breakdown, 

irrespective of AD, but the subtype of AD−PA+ can be distinguished from AD+PA+ by a 

unique SC lipid signature. Further development of STS methodology and mass 

spectrometric analyses of SC components has the potential to become a clinical application 

to identify people at risk for developing PA and AD in early childhood. The results from this 

study may provide future approaches, using skin tape stripping, to monitor epidermal 

changes during atopic match progression and its responses to targeted prevention therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

AD atopic dermatitis

AD−PA+ peanut allergy without AD

AD+PA+ peanut allergy with AD

AD+PA− AD without peanut allergy

BSA bovine serum albumin

AUC area under the curve

EOS-CER esterified ω-hydroxy fatty acid sphingosine ceramides

FA food allergy

FLG filaggrin

IgE immunoglobulin E

LC-ESI-MS/MS liquid chromatography electrospray ionization tandem 

mass spectrometry

NA non-atopic control
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NMF natural moisturizing factor

NS-CER non-hydroxy fatty acid containing sphingosine ceramides

PA peanut allergy

PCA pyrrolidone carboxylic acid

SC stratum corneum

STS skin tape strip

TEWL transepidermal water loss

UCA urocanic acid
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Clinical Implications

Food allergy, without overt atopic dermatitis, is associated with skin barrier dysfunction 

and may require targeted therapy to prevent food allergy.
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Figure 1. TEWL and TEWL AUC after sequential STS by group.
(A) TEWL measurements at the baseline and after 5, 10, 15, and 20 STS. The line figure 

represents Mean±SE for TEWL measurements at each STS layer (black line represents NA, 

red line represents AD−PA+, and blue line represents AD+PA+ groups). #,& - significant 

differences (p<0.05) between AD+PA+ and NA (#) or between AD+PA+ and AD−PA+ (&). 

(B) TEWL AUC box plots: here and in all subsequent figures, the box margins are the 

25-75%-interquartile range (50% of the observations), whisker lines are minimal and 

maximal observations, and the annotations are the p values from one-way ANOVA with the 

multiple comparison analysis.
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Figure 2. FLG breakdown products in nonlesional skin.
Comparisons between groups for FLG breakdown products, total UCA (A), PCA (B), cis/
trans-UCA ratio (C) and cis- and trans-UCA, were all assessed at skin tapes 15 and 16 

collected from nonlesional skin areas. (D) Cis-UCA and trans-UCA levels in NA, AD−PA+, 

and AD+PA+ subjects.
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Figure 3. Major NS-ceramides in nonlesional skin.
(A) Comparisons between groups for major NS-ceramide molecular species (C18-

sphinosine with amide-linked 16:0, 24:0, and 26:0 fatty acids) and (B) the ratio between 

N-16:0- and the sum of N-24:0- and N-26:0-NS-ceramides. Ceramide levels were assessed 

at STS 15-16. Data for three major species of NS-ceramides (N-16:0-, N-24:0, and N-26:0-

sphingosines) are presented.
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Figure 4. Free EOS-ceramides and protein-bound ω-hydroxy ceramides are increased in stratum 
corneum of peanut allergic subjects.
Free EOS-ceramides (A,C) and protein-bound ω-hydroxy ceramides that originate from 

EOS-ceramides (B) are increased in absolute amounts, as well as in relative to NS-ceramide 

proportion (D) in the skin of subjects with allergy to peanuts in comparison to healthy and 

atopic and peanut allergic subjects. Numbers (28, 20, 32) shown on X axes represent the 

chain length of saturated omega-hydroxy fatty acids N-acylating corresponding C18-C22-

sphingosines.
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