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AD 	Atopic dermatitis
CTACK	Cutaneous T-cell attracting chemokine
EASI	Eczema Area and Severity Index
FA	Fatty acid
FLG	Filaggrin gene
IL	Interleukin
IFN-γ	Interferon-γ
LC/MS	Liquid chromatography-mass spectrometry
NMF	Natural moisturizing factor
SC	Stratum corneum
TARC	Thymus and activation-regulated chemokine
TNF-α	Tumor necrosis factor-α
TSLP	Thymic stromal lymphopoietin
TSS	Total sign score

Sphingolipids 
Sphingoid bases (SBs)
[H] Hydroxy-sphingosine
[S] Sphingosine

Ceramides (CERs)
CER[DS] A ceramide with sphinganine as a sphingoid base
CER[H] A ceramide with hydroxy-sphingosine as a sphingoid base
CER[P] A ceramide with phytosphingosine as a sphingoid base
CER[S] A ceramide with sphingosine as a sphingoid base
GlcCER[S] A Glucosylceramide with sphingosine as a sphingoid base




ABSTRACT 
Background:  Atopic dermatitis (AD) endotypes differ with ethnicity. We examined the skin microbiota, cytokine-, and lipid-profiles in Greenlandic Inuit and Danish children with AD. 
Methods: 25 Inuit children with AD and 25 Inuit control children were clinically examined and compared to previously collected data from 25 Danish children with AD. Skin tape strips and skin swabs were collected from lesional and non-lesional skin. Levels of cutaneous immune biomarkers, free sphingoid bases and their (glycosyl)ceramides were analyzed. Skin swabs were analyzed with 16S rRNA and tuf gene for characterization of bacterial species communities. 
Results: Bacterial β-diversity was significantly different between Inuit and Danish AD skin, in both lesional (p<0.001) and non-lesional (p<0.001) AD skin, and there was a higher relative abundance of Staphylococcus aureus in Danish compared to Inuit lesional (53% vs. 8%, p<0.01) and non-lesional skin (55% vs. 5%, p<0.001). Danish AD children had a higher α-diversity than Inuit children in non-lesional (p<0.05) but not in lesional skin. Significantly higher levels of type 2 immunity cytokine interleukin (IL)-4 (p<0.05) and IL-5 (p<0.01) were identified in Inuit compared to Danish AD children. In contrast, IL-33 (p<0.01) was higher in Danish lesional and non-lesional AD skin. Higher levels of long-chain glucosylceramide (GlcCER)[S](d26:1) were found in lesional (p<0.001) and non-lesional (p<0.001) Inuit skin compared with Danish AD skin. NMF levels were similar in Inuit and Danish AD skin.
Conclusion: Skin microbiota, cytokine and lipid composition differed significantly between Inuit and Danish children with AD and showed a stronger type 2 immune signature in Inuit children. 



INTRODUCTION
Atopic dermatitis (AD) is a heterogenous inflammatory skin disease with varying prevalence and clinical manifestations between age groups and ethnicities1,2. The different endotypes of AD can be explained by the complex interplay of genetic, environmental, and immunological factors. Loss-of-function mutations in the filaggrin gene (FLG)3 are common in Northern European and Northern Asian AD populations while they are much less common in African populations4–6. While an increased  type 2 immune response is shared across all ethnicities with AD, considerable differences in other pathways have been reported between different ethnic populations,  including a higher type 3 immune response in Asian AD patients2. 
The lipid composition differs in AD skin compared to healthy skin, and is characterized by a lower total lipid content, with an relative increase in short chain ceramides and a decrease in long chain ceramides (CERs)7. While the lipid composition also may differ between ethnicities, this area has only been sparsely examined8,9.
The Greenlandic Inuit population comprise approximately 50,000 individuals, and they have historically lived in isolated conditions. This has resulted in a small homogenous genetic pool, with little admixture10. Over the past decades, Greenland has transformed from a conventional hunting society to a more urbanized society11 and during this period, the prevalence of AD has increased12. Currently, there is no insight in the inflammatory and skin barrier signatures of Inuit AD patients. We therefore studied the cutaneous composition of cytokines, lipids, and microbiota in Greenlandic Inuit children with and without AD and compared these findings with those of Danish children with AD. 



MATERIALS AND METHODS
Patient characteristics
50 children of Inuit descent, 25 with AD and 25 healthy controls, were recruited from day-care centers in Nuuk 2019-2020 and were clinically examined at the hospital in Nuuk in May 2020. Exclusion criteria were current skin infection, use of oral antibiotics, or systemic immunosuppressants in the past 4 weeks, topical corticosteroids use within 3 days before the study, shower, or use of emollients within 12 hours of sampling. Inclusion criteria were AD diagnosis according to the United Kingdom Working Party diagnostic criteria and active AD upon examination. Disease severity was assessed by Eczema Area and Severity Index (EASI)13, and local eczema severity area by the total sign score (TSS)14. We used an adapted version of TSS including 5 signs; edema, erythema, lichenification, scaling/dryness and excoriation using a 4-point scale (0, absent; 1, mild; 2, moderate; 3, severe) with a maximum TSS score of 15. Biomarker and clinical data from 25 Danish children with AD aged 2-14 years were used for comparison15. 
Skin sampling
Skin microbiota sampling was performed using eSwab (S.Table 1). Lesional skin sampling was performed on elbow flexure or in a proximate region. Healthy control samples and non-lesional skin samples were taken from forearm skin and separated by a minimum of 10 cm from lesional skin. Tape stripping of the stratum corneum (SC) was performed by using circular adhesive tape strips (3.8 cm2, Standard D-Squame, Monaderm, Monaco, France) attached to the skin and applied for 10 seconds with a standardized constant pressure (225 g cm2) by using a D-Squame pressure instrument D500 (CuDerm, Dallas, TX, USA)16,17. Sequentially, 10 consecutive tapes were sampled from the same skin site, adjacent to the skin area used for skin microbiota sampling. All samples were stored at – 80°C until analysis.
Skin microbiota analysis
DNA extraction from eSwab material and amplicon sequencing were performed as previously described18. A two-step PCR was used for amplification and sample indexing of selected target genes: The V3-V4 region of the 16S rRNA gene which was used for analysis of bacterial communities19 and the tuf gene for in-depth analysis of staphylococcal species20. Pooled amplicons were sequenced on a MiSeq instrument using the 600-cycle V3 reagent kit (Illumina Inc., San Diego, CA, USA).
Skin tape strip natural moisturizing factor-, cytokine-, and lipid-analysis
Cytokine concentrations in the SC were measured using MESO QuickPlex SQ 120 (Meso Scale Diagnostics, LLC, Rockville, MA, USA) and constituted of 17 predefined immunomodulatory mediators known to be involved in pediatric AD21,22; interleukin (IL)-1α, IL-1β, IL-4, IL-5, IL-8, IL-10, IL-13, IL-17A, IL-18, IL-22, IL-31, IL-33, cutaneous T cell-attracting chemokine (CTACK), interferon-γ (IFN-γ), thymus and activation-regulated chemokine (TARC), thymic stromal lymphopoietin (TSLP), and tumor necrosis factor-α (TNF-α). Due to differences in study design, cytokine levels were measured in tape no. 6 in duplicate measurements in Inuit skin, and in tape no. 4, 6, and 10 in Danish skin, and a mean value was used for analysis. Previous studies have shown that the levels of cytokines are stable across the SC depth (i.e. tapes 4-22)23. Samples with values under the fit curve range were assigned half of the value of the lowest concentration, if >40% of values were missing the cytokine was excluded from further analysis. NMF components histidine, pyrrolidone-5-carboxylic acid, and urocanic acid (cis and trans isomer) were extracted from tape no. 5 using 600µL of ultraclean water and analyzed by high-performance liquid chromatography analysis, as previously described24. 
Free sphingoid bases (SBs) and ceramides (CERs) were determined in tape no. 4 (Inuit children) or no. 5 (Danish children), using liquid chromatography-mass spectrometry (LC/MS), as described in detail elsewhere25. Briefly, free SBs were separated from CERs using methanol:chloroform:ammonium formate buffer, 1:1:1 (v/v/v). Then, the CERs in the lower phase were deacyclated to its corresponding SBs by microwave-assisted hydrolysis in methanolic NaOH. Subsequently, CERs and free SBs were determined in two separate LC/MS runs. Due to methodological limitations, CER data was not available for a random selection of Greenlandic participants. Thus, imputation was used for 4 CERs, using the lowest measured concentration for each sample group. For NMF and CER correction, the total amount of SC protein content was measured on each tape by the optical density (OD) by using the Squame Scan 850 A (Heiland Electronic Wetzlar, Germany). For cytokine correction, the proteins in the extracts were determined using the Pierce Micro BCA Protein assay kit (Thermo Fischer Scientific,Rockford, IL, U.S.A.).
Statistical analysis
Statistical analyses and graphical visualization of data were performed in R version 3.6.2 and 4.2.1. Normal distribution of data was achieved after log2 transformation and the difference in biomarker levels between groups (Inuit vs Danish, lesional vs. non-lesional, and Inuit non-lesional vs. healthy control) were determined using an unpaired Student’s t-test. Alpha diversity was calculated on untransformed ASV counts using the Shannon index measure on both 16Sr RNA and tuf sequence data (S. Methods). Pairwise comparison of α-diversity and relative abundances of selected taxa between sample groups was conducted using nonparametric tests. Overall differences in the bacterial community composition between sample groups (β-diversity) were studied by calculation of pairwise Bray-Curtis dissimilarities and tested via analysis of similarity (ANOSIM). Correlation analyses using the Pearson’s method were done to investigate if i) the relative abundance (percentage) of any of the 20 most abundant bacterial genera correlated with the abundance (log2 transformed counts) of lipids and immune markers within the skin, and ii) the expressed levels of lipids correlated with immune markers. All AD skin samples were pooled in the pairwise correlation tests, and p-values were corrected for multiple testing using the Benjamini-Hochberg method. 
RESULTS
Demographics
Patient characteristics are described in detail in Table 1. The median age was 4 (IQR 3-5) years among 25 Inuit children with AD, 4 (IQR 2-4) in 25 Inuit controls, and 9 (IQR 5-11) in 25 Danish AD children. Severity of AD ranged from mild to severe (EASI mean, 8.0, SD 6.3) and was slightly higher among Danish children (EASI mean 9.3, SD 6.5) than Inuit children (EASI mean 5.9, SD 6.7). TSS of lesional skin was higher in Danish children (TSS mean 5.0, SD 1.9) than Inuit children (TSS mean 4.3, SD 2.5). 
Skin microbiota are significantly different in Inuit compared to Danish children with AD
The overall bacterial composition (β-diversity) significantly differed between Inuit and Danish AD children in both non-lesional (p<0.001, R=0.44) and lesional skin (p<0.001, R=0.18) (Figure 1A), and remained significant after adjusting for age, and AD severity by EASI and TSS, in the multivariate analysis (S. Table 3). The compositional difference was mainly driven by a significantly higher relative abundance of genus Streptococcus (p<0.001) and lower abundance of the genus Staphylococcus (p<0.001) in Inuit than in Danish lesional and non-lesional AD skin (Figure 1B). Tuf-gene data analysis showed a significant difference in the overall staphylococcal community composition between Inuit and Danish children in both lesional (p<0.001, R=0.22) and non-lesional AD skin (p<0.001, R=0.28) (Figure 1C and S. Table 2). This was mainly driven by a significantly higher relative abundance of Staphylococcus (S.) aureus in Danish lesional skin (53% vs. 8%, p<0.001) and non-lesional skin (55% vs. 5%, p<0.001) compared to Inuit AD skin (Figure 1D-E). Conversely, the skin commensals S. hominis and S. epidermidis were more abundant in Inuit AD and healthy skin compared to Danish AD skin (Figure 1C). The bacterial richness and evenness within a sample (α-diversity) was significantly higher in non-lesional skin of Danish compared to Inuit AD children (p<0.05) whereas no difference was observed in lesional AD skin between groups (p=0.14) (S. Figure 1A). The staphylococcal species α-diversity was significantly higher in lesional (p<0.05), but not in non-lesional Danish AD skin (p=0.16) compared to Inuit AD skin (S. Figure 1B). Within ethnic groups, no difference was observed in α- or β-diversity between lesional and non-lesional AD skin, nor between non-lesional Inuit AD and healthy Inuit control skin (Figure 1A+C, S. Figure 1). 
Skin cytokine profiles significantly differ between Inuit and Danish children with AD 
In total, 12 of 17 measure immune biomarkers differed significantly between Inuit and Danish AD skin (Figure 2, S. Figure 2). In lesional AD skin, Inuit children displayed significantly higher levels of several inflammatory biomarkers despite having lower EASI and TSS scores. Especially type 2 immunity cytokines (IL-4, p<0.05; IL-5 p<0.05; and IL-13, p<0.05) were higher in AD skin of Inuit compared to Danish children. Only, IL-33 (p<0.001), showed significantly higher levels in Danish lesional skin. Similar results were observed in non-lesional, as evidenced by higher levels of type 2 immunity markers (IL-4, p<0.05; IL-5, p<0.05, and TSLP, p<0.05;) in Inuit ad children. In addition, there was higher expression of proinflammatory cytokines (TNF-α, p<0.05; and IFN-γ, p<0.05) but also the regulatory cytokine IL-10 (p<0.05) in Inuit children with AD. Conversely, in non-lesional skin of Danish AD children, IL-33 (p<0.0001) but also IL-1α (p<0.05), IL-β (p<0.05) were higher than in Inuit children.
Despite significant alterations in the cutaneous immune profile between Inuit and Danish children, we also observed overlaps between groups. Five of the strongest SC biomarkers for pediatric AD (IL-8, IL-18, TSLP, TARC, and CTACK)26,27, were significantly higher in lesional skin than in non-lesional AD skin of both Inuit and Danish children (S. Figure 2). The levels of NMF did not differ between lesional or non-lesional Inuit and Danish AD skin, nor between non-lesional and healthy Inuit control skin (Figure 2, S. Figure 2).
Lipid composition considerably differs between Inuit and Danish children with AD
The lipid analysis included examination of free SB, CER, and GlcCER (a precursor to CER) of different SB chain lengths (18-26 carbon atom (C)) and showed considerable differences in the levels of individual CER between Inuit and Danish AD skin (Figure 2, S. Figure 3-4). In lesional AD skin, the CER precursor GlcCER[S](d26:1) was significantly higher in Inuit than Danish AD skin (p<0.01). In non-lesional skin, GlcCer[S](d26:1) was significantly higher in Inuit AD skin (p<0.001), whereas CER[S](d24:1) and CER[S](d26:1) were significantly higher in Danish AD skin (p<0.001 vs. p<0.001). The ratio of short vs. long-chain CER were similar in Inuit and Danish skin, being higher in lesional than non-lesional skin (S. Figure 4). Next, we compared the levels between sample sites within ethnic groups. In Inuit children, no significant differences in CER levels were observed between lesional and non-lesional AD skin, nor between non-lesional AD and healthy skin. In contrast, in Danish children the lipid composition was considerably altered in 13 of 21 CER between lesional and non-lesional skin. 
Correlation between skin microbiota, lipid, and cytokine biomarkers
We investigated whether there are correlations between biomarker levels and the 20 most abundant genera using pooled data from Inuit and Danish AD children. Eight of 17 examined immune markers showed a significant correlation with 5 genera (S. Figure 5A+6A, S. Table 4). In general, Staphylococcus showed a positive correlation with IL-8, (p<0.01, R= 0.46) and CTACK (p<0.05, R= 0.39), while Streptococcus showed an inverse correlation with IL-31 (p<0.01, R= -0.26) and IL-33 (p<0.01, R= -0.39). IL-33 and the skin commensal species, S. hominis (p<0.05, R= -0.27) and S. epidermidis (p<0.05, R= -0.32) were inversely correlated, whereas S. capitis (p<0.05, R= 0.22) and S. aureus (p=0.07, R= 0.24) were positively correlated (S. Figure 6A). Seven of the examined CERs showed a significant correlation with 6 genera (S. Fig 5B+6B, S. Table 5). Streptococcus showed a positive correlation with the long-chain GlcCER[S](d26:1) (p<0.05, R= 0.39) and a negative correlation with the short-chain SB [S](d20:1) (p<0.05, R= -0.26), whereas Staphylococcus showed a negative correlation with the long chain GlcCER[S](d26:1) (p<0.05, R= -0.43). Using tuf data, we found that S. aureus was negatively correlated with GlcCER[S](d26:1) (p<0.05 R= -0.41), whereas S. epidermidis was positively correlated (p<0.01, R= 0.32) (S. Figure 6B).
Finally, we examined correlations between the levels of the measures lipids and cytokines using pooled data from all AD samples (Figure 3 and S.Table 6). The strongest positive correlation was observed between the IL-1 family cytokines (IL-1β and IL-18), IL-8, CTACK and TARC, and a broad panel of short-chain CERs (C<22). In contrast, an inverse relationship was observed between these same immune markers and long-chain GlcCERs (C >22). IL-33, showed a positive correlation with several long-chain CERs, and a negative correlation with long-chain GlcCERs. Finally, a significant positive correlation was observed between NMF and shorter chain CERs. 


DISCUSSION
We examined the barrier markers, cytokine, lipid, and microbiota composition of the skin in Inuit and Danish children with AD. Danish AD children had significantly higher cutaneous abundance of S. aureus but lower abundance of S. epidermidis and S. hominis compared to Inuit children with AD. While NMF levels were comparable between Inuit and Danish AD skin, Inuit AD and non-AD children had higher levels of the long-chain CER precursor GlcCER (d26:1) (C>22) compared to Danish children, and showed a more robust type 2 immune response by higher levels of epidermal IL-4, IL-5, and IL-13.
The observed differences in skin microbiota and the significantly higher abundance of S. aureus in Danish AD children could possibly be explained by more severe AD in Danish children. Thus, epidermal inflammation leads to secondary skin barrier impairment due to altered lipid composition and degradation of epidermal proteins such as filaggrin and tight junctions28–30, and hence increased pH, that in turn will favor colonization of pathogens such as S. aureus31,32. However, ethnicity remained significantly associated with bacterial composition after adjusting for severity (EASI and TSS). The greatest difference was observed in non-lesional skin, indicating a strong ethnic impact on the “baseline” skin microbiota. Thus, factors other than disease severity are likely responsible for the observed difference, either genetic or environmental in nature. FLG mutations are associated with altered skin microbiota and increased S. aureus colonization33. While FLG mutations were common among Danish AD children (32%, N=8), the FLG status in the Inuit population has not yet been examined. The similar levels of NMF in Inuit and Danish lesional skin, suggests a comparable skin barrier function and pH between ethnic groups17. Levels of IL-18, a cytokine that promotes S. aureus colonization in AD skin, were also comparable between ethnicities34. The higher levels of several type 2 immunity cytokines in Inuit AD children argues against the hypothesis that increased inflammation is accountable for the difference in Staphylococcus colonization35. Since expression of staphylococcal adhesins including fibronectin and fibrinogen is stimulated by type 2 immunity cytokines, one would expect that S. aureus colonization in fact was more common in Inuit skin36,37. The skin commensals S. hominis and S. epidermidis were more abundant in Inuit AD and healthy skin than Danish AD skin. These strains may be protective against developing AD, possibly via secreting antimicrobial peptides that targets S. aureus38. Accordingly, IL-33, which was high in Danish AD skin, was negatively correlated with S. hominis and S. epidermidis and positively correlated with S. capitis and S. aureus (p=0.07). Increased cutaneous abundance of S. capitis has been observed in previous studies and especially in AD patients with FLG mutations, suggestive of a pathogenic role in AD, similar to that of S. aureus18,39. The epithelial barrier hypothesis suggests impairment of the skin barrier from environmental exposures related to the Western lifestyle40. Consequently, translocation of skin microbiota to deeper layers of the skin enable a local bacterial induced immune activation, in turn favoring further colonization of opportunistic pathogens, including S. aureus38. The significantly lower abundance of S. aureus in Inuit skin might in part be explained by lower degree of exposures related to Western lifestyle in Nuuk, Greenland compared to Copenhagen, Denmark. Notably, the overall burden of S. aureus in Greenland has increased more than a two-fold in the period of 1995-2004, measured as the cause of invasive bacterial infection in Greenlandic adults41. This suggests that S. aureus colonization in Inuit skin may become more common in the future, potentially resulting in higher AD prevalence and more severe disease. Further, Streptococcus were prevalent in Inuit skin, possibly due to less S. aureus competition, or from a high burden of respiratory tract infections among Greenlandic children, commonly caused by Streptococcus species41,42. 
Inuit children had high levels of epidermal IL-5, a cytokine typically involved in eosinophil recruitment and differentiation, which could indicate a more allergic endotype, further supported by high a prevalence of asthma and allergic rhinitis in Inuit children12,43. This may also be associated to environmental changes following urbanization including changed living conditions, healthcare access and antibiotic-use, dietary changes, microbial exposure, and reduced UV-exposure. In the same period the overall prevalence of atopy has increased in adults and AD has increased in children in Greenland43–45. Notably, AD were more prevalent in children of Inuit descent compared to mixed-Inuit/Danish descent12. This may relate to both genetic and epigenetic mechanisms. For food allergies, a study in Asian children indicated an underlying genetic susceptibility may be revealed upon exposure to “unfamiliar” environmental factors early in life46. The observed strong association between AD and Inuit descent could follow a similar reasoning12. 
Danish AD children seemed to have a compensatory increased CER production in lesional skin leading to shorter chain lengths. This might in part be related to the increased S. aureus colonization in Danish AD skin. S. aureus indirectly influences the CER composition via cytokine mediation (IL-1β, TNF-α and IL-33) that inhibits expression of fatty acid elongases in keratinocytes47. Furthermore, IL-33 was high in Danish AD skin and showed a positive correlation between S. aureus and several short-chain CERs.
Seasonal variation affects the SC lipid composition, with lower total CER levels during winter than in spring and summer48. Samples in our study were collected during similar seasonal time periods and are considered comparable. β-glucocerebrosidase (GBA) is one of the key enzymes responsible for CER production and facilitates the transformation from GlcCER to CER49. The significantly higher levels of very long chain GlcCER in Inuit skin compared to that of Danish skin, is possibly due to a lower activity of GBA in the skin of Inuit children. 
Despite considerable differences between Inuit and Danish children, we also observed similarities. Both Inuit and Danish children shared a common activation of the Th2 pathway in lesional skin, with increased levels of TARC and CTACK, a higher abundance of S. aureus in lesional vs. non-lesional skin and an increased ratio of short chain vs. long-chain CERs. These factors appear to be central to the AD pathogenesis regardless of ethnicity.
Strengths and limitations
In our study, we compared microbiota, cytokine, and lipid composition in children with and without AD of different ethnic backgrounds using similar sampling and analysis methods. This provids unique and robust data to identify important differences and similarities between ethnic groups, showing that key insight in the disease epidemiology can be made by comparing AD in different ethnicities and different environmental settings. For optimal comparison, it would have been preferable to have matched the children on AD severity and age. However, the observed association between ethnicity and skin microbiota remained significant after adjusting for age and EASI. Immune and lipid markers were analyzed using protein concentration collected by tape strips, thus our data reflect the functional microenvironment in the upper layer of the epidermis, and not the deeper dermis15. Generally, Th2-cytokines in the upper epidermis are low. Similarly, the levels of IL-4, IL-13, and IL-31, were low in both Danish and Inuit AD skin, thus related results should be interpreted with some caution. Further, skin tape strip analysis was made on a series of three samples in Danish children and in duplicate series on one tape in Inuit children. We do not believe that this has affected our results, as studies have shown that tape strip sampling depth is without influence on the cytokine concentration23. 
CONCLUSION: 
The cutaneous immune response, lipid and microbial composition is different between the skin of Inuit and Danish children with AD, with Inuit children having a more robust type 2 immune signature but lower S. aureus abundance. These findings shed further light on the different aspects of ethnic endotypic variations of AD. 
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[bookmark: _Hlk124851530]FIGURE 1. Characterization of the bacterial composition in skin from Inuit children with and without AD and Danish children with AD using 16s rRNA and tuf-gene data. 
A, C: PCA plot illustrating the β-diversity using 16S rRNA data (A) and tuf-gene data (C) illustrating the bacterial community composition dissimilarity between groups. The analysis was performed on genus-level using Hellinger transformed taxa counts. The β-diversity was significantly different between Inuit and Danish skin, both in lesional and non-lesional sample sites (A). Arrows indicate the percentage of explained variance of each genus, suggesting that the bacterial dissimilarity between groups is mainly driven by Staphylococcus and Streptococcus.
B, D: Box-plot B illustrates the relative abundance of Staphylococcus and Streptococcus. Box-plot D illustrates the relative abundance of S. aureus within the staphylococcal species community. (not adjusted for the overall abundance of the genus Staphylococcus) 
E. Relative abundance (percentage) of staphylococcal species within the bacterial community. The overall relative abundance of the genus Staphylococcus within the bacterial community is shown in the lower bar plot.
*p-value <0.05. Abbreviations: AD, Atopic dermatitis; DK, Danish AD participants; LS, Lesional skin; NLS, Non-lesional skin, PCA; Principal component analysis.
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FIGURE 2. Stratum corneum derived NMF, immune, and lipid markers in skin from Inuit children with and without AD and Danish children with AD. 
The heatmap illustrates the mean concentration level of each biomarker and samples are sorted by hierarchical clustering on row levels, immune and ceramide markers are analyzed separately. Differences in levels between groups were analyzed using Student’s t-test or Wilcoxons signed rank test. Red color indicates higher concentration levels, blue color indicates lower levels. Immune markers are allocated to an immunepathway, illustrated by different colors. Ceramides are allocated to either short chain (CER with SB <22 C-atoms or long-chain (CER with SB >22 C-atoms) groups, illustrated by different color. Group comparisons are illustrated. P-values were corrected for multiple analyses according to the Benjamini-Hochberg method, P-value of 0.05 was considered significant. *P <0.05, **P<0.01, ***P<0.001. 
Abbreviations: CER; Ceramide, CTACK; Cutaneous T-cell attracting chemokine  GlcCER; Glucosylceramide, HC; Healthy control subjects, [H]; Hydroxy-sphingosine, IFN-γ; Interferon-γ, IL; Interleukin, LS; Lesional skin, NL; Non-lesional skin, NMF; Natural moisturizing factor, [S];Sphingosine, TARC; Thymus and activation-regulated chemokine, TNF-α; Tumor necrosis factor-α, TSLP; Thymic stromal lymphopoietin
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FIGURE 3. Pearson correlation heatmap illustrating correlation between the levels of immune markers and lipids in Inuit and Danish children with and without AD. 
P-values were corrected for multiple analyses according to the Benjamini-Hochberg method, an adjusted p-value below 0.05 was considered significant. *P <0.05, **P<0.01, ***P<0.001. 
Abbreviations: CER; Ceramide, CTACK; Cutaneous T-cell attracting chemokine, GlcCER; Glucosylceramide, [H]; Hydroxy-sphingosine, IFN-γ; Interferon-γ, IL; Interleukin, NMF; Natural moisturizing factor, [S];Sphingosine, TARC; Thymus and activation-regulated chemokine, TNF-α; Tumor necrosis factor-α, TSLP; Thymic stromal lymphopoietin

TABLES

TABLE 1. Demographics and characteristics of 50 Inuit children and 25 Danish children
		


	
All
(n = 75)
	
Danish AD
(n = 25)
	
Inuit AD
(n = 25)
	
Inuit HC
(n = 25)
	

P-Value*

	Age, median y, (IQR)
	4 (3-7)
	9 (5-11)
	4 (2-4)
	4 (3-5)
	<0.001

	Female, % (n)
	48 (36)
	48 (12)
	48 (12)
	48 (12)
	1

	Previous or current AD therapy, % (n)

	Topical corticosteroids ever
	
	
	
	-
	

	Mild potent
	
	100 (25)
	80 (20)
	-
	

	Moderate potent
	
	100 (25)
	56 (14)
	-
	

	Potent
	
	24 (6)
	(1)
	-
	

	Very potent
	
	4 (1)
	0 (0)
	-
	


	Antibiotic therapy within the past 6 months, % (n)

	Fucidic acid
	1 (1)
	1 (1)
	0 (0)
	0 (0)
	

	Penicillin
	4 (3)
	1 (1)
	0 (1)
	1 (1)
	

	Dicloxacillin
	5 (4)
	5 (4)
	 0 (0)
	0 (0)
	

	Imacillin
	8 (6)
	0 (0)
	0 (4)
	3 (2)
	

	
	
	
	
	
	

	Clinical AD severity score, mean (SD)

	EASI ‡
	8.0 (6.3)
	9.3 (6.5)
	5.9 (6.7)
	-
	0.16

	Mild, % (n) 
	27
	11
	16
	-
	

	Moderate/Severe, % (n) 
	23
	14
	9
	-
	

	TSS, tape strips sampling area
	4.7(2.2)
	5 (1.9)
	4.3(2.5)
	-
	0.11

	Previous or current atopic comorbidities, % (n)

	Atopic comorbidity (n=73)
	44 (33)
	48 (12)
	64 (16)
	20 (5)
	0.04

	Asthma 
	27 (20)
	36 (9)
	24 (6)
	20 (5)
	0.06

	Food allergy 
	28 (21)
	25 (8)
	52 (13)
	0 (0)
	0.001





‡Mild AD defined as EASI score in the range 0-7; Moderate-Severe AD > 7.1. §Atopic comorbidity was defined as wheezing or food allergy in the child and based on self-reported information in Inuit children and physician-diagnosis in Danish children. AD; Atopic dermatitis. EASI, Eczema Area Severity Index. HC; Healthy control subjects. TSS; Topical Sign Score. IQR; Interquartile range. *P-value show difference between AD children of Inuit and Danish descent.
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Figure 5. Pearson correlation FDR adjusted for all samples
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