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Abstract

Background: Deleterious variation in the epidermal differentiation complex (EDC) on 

chromosome 1 is a well-known genetic determinant of atopic dermatitis (AD) and has been 

associated with risk of peanut allergy (PA) in population-based studies.

Objective: To determine the effect of genetic variation in the EDC on AD trajectory and risk of 

PA in early life.

Methods: Genome sequencing was used to measure genetic variation in the EDC in the Learning 

Early About Peanut (LEAP) study participants. Association tests were done to identify gene- and 

variant-level predicted deleterious variation associated with AD severity using SCORAD (N=559) 

at baseline and each follow-up visit, as well as PA and food allergy in peanut avoiders (N=275). 

Predicted deleterious variants included missense variants that were frameshift insertion, frameshift 

deletion, stop-gain, or stop-loss. Associations between variant load, SCORAD, and PA were tested 

using linear and generalized linear regression models.

Results: FLG, FLG2, HRNR and TCHH1 harbored the most predicted deleterious variation (30, 

6, 3 and 1 variants, respectively). FLG variants were associated with SCORAD at all timepoints; 

four variants-- R1798X, R501X, S126X, and S761fs-- drove the association with SCORAD at 

each time point, and higher variant load was associated with greater AD severity over time. There 

was an association between these variants and PA, which remained significant independent of 

baseline AD severity (OR=2.63, 95% CI 1.11–6.01, p=0.02).

Conclusions: Variation in FLG predicted to be deleterious is associated with AD severity at 

baseline and longitudinally, and has an association with PA independent of baseline severity.

Capsule Summary

We identified variation predicted to be deleterious in the epidermal differentiation complex 

associated with atopic dermatitis severity in the LEAP participants and found an independent 

association with deleterious variation in FLG and development of peanut allergy.
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INTRODUCTION

The filaggrin gene (FLG) is a well-described genetic determinant of atopic dermatitis (AD),

(1) and deleterious variants in FLG have been associated with early onset severe disease.(2–

4) FLG is located within the epidermal differentiation complex (EDC) on chromosome 1, a 

cluster of genes critical for skin barrier function, and variants in this region outside of those 

in FLG have also been implicated in atopic dermatitis.(5, 6) To our knowledge, no studies 

have examined the association of genetic variants across the EDC with the trajectory of AD 

over the first five years of life.

Deleterious variants in FLG have also been associated with peanut allergy (PA) (7–10), 

however, there are gaps in our understanding of this relationship, particularly as to whether 
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genetic risk is conferred in the absence of clinically apparent skin barrier dysfunction. A 

recent review examined prior work in detail,(11) and the association of FLG with food 

allergy in consideration of AD is unclear. Some studies demonstrate an association with 

food allergy independent of AD and/or AD severity (7, 11) while others do not find an 

independent association between the FLG variants and food allergy.(11–13) Therefore, a 

better understanding of the role of FLG in the first few years of life during the time of 

allergy development, and longitudinal evaluation of AD severity in this timeframe is needed 

to clarify this relationship between genetics, atopic dermatitis, and food allergy.

The Learning Early About Peanut (LEAP) study enrolled infants 4 to 11 months of age 

with egg allergy and/or severe atopic dermatitis.(14) Participants were randomized to either 

peanut consumption or avoidance, and consumption proved to be highly protective against 

the development of peanut allergy. Whole genome sequencing (WGS) was previously 

performed on the LEAP study participants.(15) In this population enriched for atopic 

dermatitis, followed longitudinally over the first several years of life, and with challenge 

proven peanut allergic status, we have the unique opportunity to interrogate the relationship 

between genetic determinants of atopic dermatitis, AD severity, and peanut allergy. Here, 

we report the genetic predictors of atopic dermatitis in the LEAP participants and their 

relationship with AD severity and the development of peanut allergy.

RESULTS AND DISCUSSION

The landscape of exonic single nucleotide variants (SNVs), and small frameshift insertion 

and deletions (INDELs) in the EDC in LEAP participants is shown in Figure 1a. The four 

genes with the greatest number of exonic variants are FLG, FLG2, HRNR, and TCHH1, and 

these are also the genes with the highest number of predicted deleterious variants (30, 6, 

3 and 1 variants, respectively). The carrier rate and minor allele frequency (MAF) of these 

predicted deleterious variants are presented in Supplementary Table E1. The frequency of 

the predicted deleterious variants are in general higher in LEAP than that reported in the 

Exome Aggregation Consortium (ExAC) database (Figure 1b and 1c); given LEAP study 

inclusion criteria of severe atopic dermatitis and the known importance of the EDC, and 

specifically FLG, this pattern is anticipated. The LEAP participants were majority (74%) 

European ancestry by self-report and genetic ancestry.(15)

Gene-based association tests were performed to identify predicted deleterious variants 

associated with AD severity using SCORAD at each study time point in both the peanut 

consumers and peanut avoiders (N=559) for the four genes FLG, FLG2, HRNR, and 

TCHH1 individually, and a combined test across all four (Figure 2). We found that predicted 

deleterious variants in the EDC were significantly associated with higher SCORAD across 

all time points (p<0.001), and this association was driven by variation in FLG gene. A 

gene-based test including 30 FLG variants was associated with SCORAD at all time points, 

and with SCORAD intercept (i.e., the starting point of someone’s AD severity at baseline) 

(Figure 2). No association was seen with the slope (i.e., the general trajectory over the 

course (p-value 0.29)). To identify SCORAD driving variants in FLG at each study time 

point, we performed leave-one-out (LOO) analysis and identified multiple FLG variants to 

drive the gene-based signal (Figure 3a). LOO analysis for SCORAD intercept also revealed 
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an association between the FLG variants and the SCORAD intercept (p-value 2.58e-04) 

(Figure 3b), implicating an association that begins within the first year of life. Further, to 

estimate the effect of FLG predicted deleterious variants on SCORAD, we performed single 

variant association test between FLG variants and SCORAD at 30 months (Figure 3a) and 

SCORAD intercept (Figure 3b). For both SCORAD at 30 months and SCORAD intercept 

the variants that had largest contribution to the gene-based signal (SCORAD at 30 months: 

R1798X, R501X, S126X, and S761fs) and (SCORAD intercept: R2477X, R1798X, R501X, 

and S126X) also had significant association and effect sizes at the variant level.

Four FLG variants-- R1798X, R501X, S126X, and S761fs-- were found to drive gene-based 

significance at all time points and for the intercept (Figure 3c). These four variants are 

located in exon 3, the region of the gene comprised of 10–12 tandem repeats of what 

becomes the filaggrin peptide (Figure 4). R501X, S761fs, R1798X, have previously been 

implicated in early onset of severe disease.(4) To our knowledge, this the first report of 

S126X. An association between variant load across these 4 variants and SCORAD was 

tested using a linear regression model. We found 461 individuals had no deleterious alleles, 

90 had 1 deleterious allele from any of the four variants, and 8 had 2; no individuals 

carried greater than 2 deleterious alleles. Those with 2 variants had the highest SCORAD at 

baseline, and while all study participants were noted to have an improvement in SCORAD 

over the timeline of the trial, those with 2 variant alleles maintained the highest severity 

across all time points (Figure 5).

Similar gene-based association tests using all predicted deleterious variants with PA in 

the peanut avoiders (N=275), did not yield statistically significant associations (Figure 2). 

However, when we performed the gene-based test limiting to only the four SCORAD driving 

variants in FLG (R1798X, R501X, S126X, and S761fs), we found a significant association 

with PA (p=0.02). To calculate an odds ratio for PA risk from these four variants, we 

performed a logistic regression model for PA with carrier status defined as the presence of 

any of the four variants, and found an association with PA (OR=3.13, 95% CI 1.36–7.03, 

p=0.006). This association decreased but remained significant when adjusting for SCORAD 

at baseline (OR=2.63, 95% CI 1.11–6.01, p=0.02). Similar to the findings by other groups, 

there does appear to be a residual effect of FLG on PA risk after adjusting for AD and/or AD 

severity at baseline entry into the study.(7–9, 11)

There are several limitations to consider. First, the analysis was performed on variation in 

the EDC and did not consider variation outside this region. Second, there are genetic loci 

associated with atopic dermatitis outside the EDC, including variation in genes for IL4, 

IL-4 receptor, and IL-13, and others that could be considered in future analyses.(16) A third 

limitation is that the present work does not address environmental factors that may have 

contributed to the development and severity of AD, and is limited to genetic analyses. Here, 

we are using genome sequencing at the standard depth of 30X, and while we have shown 

the value of using WGS at this depth to study the EDC previously (17), we recognize that 

we many have missed some EDC variants given complexity of sequencing this region.(18) 

Another important limitation to consider is that it is difficult to tease apart the independent 

effects of the driving variants versus AD without these driving variants, as the population 
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was selected for severe AD. An additional limitation is that while the variants are predicted 

to be deleterious, functional studies are needed to understand the impact on the skin barrier.

To our knowledge, this is the first report utilizing WGS to understand genetic risk on the 

trajectory of atopic dermatitis over the first several years of life. We found that participants 

carrying deleterious variation in the EDC, specifically FLG, had higher SCORAD across 

the first 5 years of life. The slope of improvement in AD severity over time, however, was 

similar in those with and without deleterious variants. This is also the first report utilizing 

WGS and well characterized atopic dermatitis over the first 5 years of life to understand 

the relationship between FLG and PA. The data suggest that there may be an association 

between FLG and PA independent of baseline AD severity. Identifying individuals with 

deleterious variation in FLG early may be important for mitigating peanut allergy risk 

through early oral introduction. Furthermore, future research is needed to understand 

environmental factors that may contribute to AD development, severity, and the interplay 

of these environmental factors with underlying genetic risk. It remains unknown if the risk 

of food allergy in carriers of FLG variants may be reduced through early intervention and 

improvement of AD control.

Supplementary Material

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

AD Atopic Dermatitis

EDC Epidermal Differentiation Complex

ExAC Exome Aggregation Consortium ExAC

FLG Filaggrin gene

INDELs Insertions and Deletions

LEAP Learning Early About Peanut Allergy Study

LOO Leave One Out

MAF Minor Allele Frequency
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PA Peanut Allergy

SCORAD Scoring of Atopic Dermatitis

SKAT-O SNP-set (Sequence) Kernel Association Test, Optimal

SNV Single Nucleotide Variant

OR Odds Ratio

PC Principal Components

PCA Principal Components Analysis

WGS Whole Genome Sequencing
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Clinical Implications

Variation predicted to be deleterious in epidermal differentiation complex is associated 

with atopic dermatitis severity during the first five years of life. Deleterious variation in 

FLG is independently associated with peanut allergy.
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Figure 1: EDC region exonic variations and their frequencies in the LEAP participants.
[A] Exonic variations in the EDC genes in the LEAP Participants. Genes are ordered on 

the total number of exonic variants observed, and bars show the representation of each 

class of variation. [B] Frequencies of EDC deleterious variants in LEAP participants (green) 

and ExAC database (orange). [C] FLG deleterious variant frequencies in LEAP participants 

(green) and ExAC database (orange).
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Figure 2: Association of deleterious variants in the EDC region with SCORAD and Peanut 
Allergy.
For SCORAD, association was tested at all visits (baseline, 12, 30 and 60 months of age) 

during the trial, and with SCORAD intercept (starting point of AD severity) in the full group 

of participants (n=559). For PA, the association was tested in the participants of the peanut 

avoidance group (n=275) at 60 months. Panel A is a graphical illustration of the p-values 

presented in Panel B. The p-values for SCORAD at all visits are illustrated as points, for 

SCORAD intercept as triangles, and for PA at 60 months as squares. V0 = baseline visit, 

V12 = 12 months visit, V30 = 30 months visit, and V60 = 60 months visit.
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Figure 3: Deleterious variants in FLG driving association with SCORAD.
[A] SCORAD at 30 months, and [B] SCORAD Intercept for each subject derived from a 

model of SCORAD over time. Left panel shows the gene-based association results where 

the horizontal dashed line shows the p-value when all variants are included. Each orange 

dot represents the new gene-based p-value when a single variant (denoted by the x-axis 

label) is left out. The blue bars represent the minor allele frequency (noted on the y-axis on 

the right). Every instance where the orange dot falls under the horizontal line implicates a 

variant as a driving variant. Right panel shows the single variant association results where 

the horizontal dashed line shows there is no linear relationship (β=0) between the response 

and the predictor variables. Each pink dot represents the effect size (β) for the variants and 

the pink lines show the 95% CIs. The variants showing significant association (p<0.05) are 

highlighted. [C] The red box flag variants identified to be a driving variant for the FLG 

gene-based association test for SCORAD at each visit and SCORAD intercept. Four variants 

(green box) were consistently score driving for each timepoint and SCORAD intercept.
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Figure 4: Lollipop Plot of four deleterious variants driving association with SCORAD at every 
study time point and for the model intercept.
Figure developed using the cBio Cancer Genomics Portal.(19, 20)
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Figure 5: SCORAD over time for LEAP participants with 0, 1, or 2 driving variants.
The unadjusted mean trajectory of SCORAD is shown using a smoothed cubic spline with 

bootstrapped 95% CIs stratified by the number of driving Variants. No study subjects were 

found to have more than 2 driving variants across the final four selected.
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