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Atopic dermatitis (AD) is a waxing and waning illness of childhood that is likely caused by interactions
between an altered skin barrier and immune dysregulation. The goal of our study was to evaluate the
association of DRB1 genetic variants and the persistence of AD using whole exome sequencing and high
resolution typing. DRB1 was interrogated based on previous reports that utilized high throughput tech-
niques. We evaluated an ongoing nation-wide long-term cohort of children with AD in which patients are
asked every 6 months about their medication use and their AD symptoms. In total, 87 African-American
and 50 European-American children were evaluated. Genetic association analysis was performed using a
software tool focusing on amino acid variable positions shared by HLA-DRB1 alleles covering the antigen
presenting domain. Amino acid variations at position 9 (pocket 9), position 26, and position 78 (pocket 4)
were marginally associated with the prevalence of AD. However, the odds ratio was 0.30 (0.14, 0.68;
p = 0.003) for residue 78, 0.27 (0.10, 0.69; p = 0.006) for residue 26 and not significant for residue 9 with
respect to the persistence of AD. In conclusion, amino acid variations at peptide-binding pockets of
HLA-DRB1 were associated with the persistence of AD in African-American children.
� 2015 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.
1. Introduction

Atopic dermatitis (AD) is a common chronic episodic ailment
manifested by itchy red patches that most frequently occur in
the flexural areas of the elbows and knees [1,2]. The acute cuta-
neous appearance of AD can vary from red patches with fine scales
and/or vesicles, to large areas of decimated, cracked, swollen, and
crusted skin. The terms AD, eczema, and flexural dermatitis are
often used interchangeably especially in children. AD often has
its onset prior to 2 years of age. The lifetime prevalence of AD is
about 5–20% [3,4]. AD has profound effects on a child’s quality of
life as well as that of their caregivers [5]. With respect to disability
adjusted life years, it is one of the most debilitating skin diseases
[6]. In the US the yearly prevalence of AD is about 10% in both
children and adults regardless of race [3]. Children with more
persistent disease tend to have been diagnosed earlier, and usually
have histories of asthma as well as seasonal allergies and family
histories of eczema [7]. While AD was once believed to resolve
by late childhood, recent studies have shown that it can be a
persistent and life-long disease [8,9].

The etiology of AD and the manifestation of its classic skin
findings are often explained based on alterations in skin barrier
function, immune dysregulation, and presence of environmental
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exposures. These factors are conceptually modeled as either
‘‘outside-in” or ‘‘inside-out” [10]. The outside-in model states that
the transfer of external exposures occurs across a dysfunctional
skin barrier eliciting AD symptoms due to immunologic activation.
In this context, a model antigen passes through a constitutively
defective skin barrier. The resulting allergic sensitization is
partially manifested by high total serum IgE levels (which while
often elevated in atopic disease is inconsistently associated with
AD) and the presence of IgE for specific environmental allergens.
In contrast, the inside-out conceptual model is based on the notion
that the classic epidermal changes noted in AD result from consti-
tutive immunologic abnormalities that in turn alter the skin barrier
causing the skin findings of AD [10,11]. In this model, immunologic
activation is proposed to be due to T helper type (Th2) immune-
cell associated cytokine responses that directly promote the
defective skin barrier thereby allowing the passage of antigen
resulting in an even brisker immunologic response [10–12].

AD is a complex disease with a strong genetic component. The
most commonly reported genetic variant associated with skin
barrier dysfunction is filaggrin (FLG), which codes for a skin barrier
protein and has been associated with the prevalence and persis-
tence of AD [13,14]. However, while FLG loss of function (LOF)
mutations are quite common in individuals of European and Asian
ancestry with AD, individuals of African ancestry with AD rarely
have these mutations [15–18]. Previously, we found variants of
FLG2, another skin barrier gene related to FLG, may be associated
with the persistence of AD in African-Americans [16,19]. Several
genes that have a role in the immune response have also been
associated with AD [20]. These include thymic stromal lymphopoi-
etin (TSLP), which is a keratinocyte-derived protein that initiates
Th2 immune responses in the skin. We have recently demon-
strated that TSLP variation is associated with the persistence of
AD in both African-Americans and European-Americans [21].
Eosinophilic esophagitis and food allergy, which are diseases asso-
ciated with AD, have recently been shown to be associated with
TSLP variation [22,23]. Also recent clinical trials using anti-TSLP
antibody in patients with asthma demonstrated improvements in
parameters of bronchoconstriction and airway inflammation [24].
Further, we recently have shown that variation in the TSLP gene
can markedly reduce the association of FLG with the persistence
of AD [21].

In order for TSLP protein to prime the immunologic response to
external antigen, antigen presentation must occur. This process is
guided by human leukocyte antigen (HLA) molecules, which are
encoded within the major histocompatibility complex (MHC)
located on chromosome 6 [25]. Hundreds of genes have been
identified in this region [26]. These genes affect immune system
function by coding for cell-surface antigens [25]. More specifically,
in the presence of TSLP, MHC II expressing antigen-presenting cells
(APCs) present antigens to T helper (Th) cells thereby stimulating
and perhaps eliciting the cutaneous symptoms of AD [27,28]. Six
large high throughput genetic studies (e.g., genome wide associa-
tion studies (GWAS)) of European and/or Asian children with AD
have been published [29–34]. In one study the loci that includes
HLA-DRB1 region was identified and in two of these studies, the
G-protein signaling modulator 3 (GPSM3) gene in the 6p21.3
cytoband, which is the same cytoband region as the MHC loci
and structurally very close to HLA-DRB1 of the MHC class II region,
was identified as a potential genetic loci associated with AD
[29–32,35,36].

Our recent interest has focused on the persistence of AD, while
others have focused on evaluations of factors that increase the risk
of a child developing AD [14,19,21]. We base this interest on the
notion because prevention efforts have not been successful (e.g.,
the elimination of risk factors) and since AD is a prevalent lifelong
illness that waxes and wanes by evaluating persistence we hope to
better understand therapeutic targets for future study [5,37,38].
The goal of our study was to specifically evaluate the HLA-DRB1
genetic variants for its association with the persistence of AD in
children. We are particularly interested in African-American chil-
dren who have been understudied in candidate gene studies and
have not been included in any of the GWAS studies of AD.
2. Materials and methods

2.1. Cohort

Subjects for this study were enrolled in the Pediatric Eczema
Elective Registry (PEER), www.thepeerprogram.com, which is an
ongoing prospective 10-year observational registry that is part of
a post-marketing commitment to the Food and Drug Administra-
tion and the European Medicines Agency. The enrollment criteria
and goals of the PEER study are described in detail elsewhere
[14]. The diagnosis of AD for each child was made by the enrolling
physicians, the majority of whom were pediatricians, allergists,
and dermatologists [14]. The diagnosis was confirmed based on
the UK working party criteria [14]. Children/parents in the PEER
study who also enrolled in our current study completed an addi-
tional informed consent approved by the Institutional Review
Board of the University of Pennsylvania. These children subse-
quently provided a saliva sample from which DNA was extracted.
In total, 796 children (367 African Americans and 429 European-
Americans) enrolled in this part of the PEER study (Fig. 1). We
randomly selected DNA for 137 children enrolled in the PEER study
for HLA genotyping. In total, 87 African-Americans (including 37
that had whole exome sequencing) and 50 European-Americans
were HLA-DRB1 genotyped. The cohort for each evaluation is
described in Fig. 1. A child’s race was self-described as African-
American or European-American (white) and the reliability of this
determination was previously genetically confirmed using
ancestry informative markers [14].
2.2. Clinical outcome

As in previous reports, we investigated longitudinally the self-
reported outcome of whether or not a child’s skin was reported
to be AD symptom-free during multiple six-month periods while
not requiring the use of medication [14,21]. Information on these
outcomes was collected longitudinally every six months thus
allowing for repeated assessments over time thereby mimicking
the natural waxing and waning nature of AD.
2.3. HLA genotyping

For this investigation, we focused only on the HLA-DRB1 locus
based on the previous GWAS findings as described above [29–32].
HLA-DRB1 genotyping was performed on 87 African-American
(including 37 who were also analyzed by whole exome sequenc-
ing) and 50 European-American samples by the Histocompatibility
and Immunogenetics Laboratory in the Hospital of the University
of Pennsylvania. Typing was conducted using the standard operat-
ing techniques of this clinical reference laboratory using sequence
based HLA-DRB1 typing with SeCore� sequencing kits via fluores-
cent dye terminator sequencing chemistry with a Big Dye Termina-
tor Chemistry/3500xL Genetic Analyzer. For many cases (30%) this
approach did not yield unambiguous two-field typing and we
defaulted to the most probable second field. This choice was sup-
plemented and confirmed by using our exome data (described
below) that provide DRB1 typing independently.

http://www.thepeerprogram.com
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Fig. 1. Flow chart for selection of study subjects.
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2.4. Whole exome sequencing

As part of our broader interest to identify variants associated
with AD or its progression, we generated whole exome sequencing
data for a subset of subjects. This data was used to supplement our
HLA genotyping efforts. For this purpose the Omixon ‘‘Target”
software was used. This software can analyze whole exome or
whole genome sequencing data and provide HLA genotyping.
Exome sequencing was performed by Ambry Genetics (Aliso Viejo,
California) utilizing whole exome targeted enrichment by Agilent
SureSelect technology [16]. The libraries for the whole exome
study were indexed, 100 bp paired end and processed using
Illumina HiSeq2000 at 100� coverage per exome.
2.5. Analysis of HLA-DRB1 amino acid variations

HLA-amino acid sequence alignment data was obtained using
HLA-DRB1 allele sequences contained in the IMGT/HLA database
(Release 3.16.0, April 14, 2014). Analysis of amino acid variations
was focused on the antigen presenting domain (beta 1 domain)
of the HLA-DRB1 molecule. We used the SKDM software tool to
analyze the association of amino acid sequence variations with
disease risk as previously described [39].
2.6. Genetic association analysis

Data were summarized by means, medians or percentages as
appropriate. Initial assessments of basic demographic and health
related data were based on the individual. Individuals in this study
were followed longitudinally and surveyed every six months
regarding the status of their AD. We assessed the statistical
association between repeated measures of the binary outcome
(six-month symptom free and not using topical steroids) and specific
amino acid residue changes among HLA-DRB1 alleles using
generalize linear latent and mixed models with a binary logistic
link function and binomial family. These models include both
random-effects and fixed-effects terms, allowing for subject
specific estimates of the association of a risk factor with a repeated
outcome in longitudinal data. In other words, this statistical tech-
nique allows for the proper estimation of the likelihood at any
given 6-month evaluation that an individual has less persistent
disease based on the variables in the model. We compared the
prevalence of specific amino acid residues in peptide-binding
pockets of HLA-DRB1 alleles in our AD cohort to a control group
collected by author DSM. The DRB1 allelic frequencies of this group
were similar to the NDMP control cohort (https://bioinformatics.
bethematchclinical.org/WorkArea/DownloadAsset.aspx?id=6398)
(Table 2) [40].
3. Results

3.1. Characteristics of the study subjects

The mean and median age (in years) at onset of these subjects
was 2.5 years (SD 3.11) and 0.75 years (interquartile range
(IQR) = 0.5, 7), respectively (Table 1). Male subjects accounted for
57.5% (n = 95) of the cohort. At enrollment, 60.0% (N = 99) had a
history of asthma or wheezing, 66.7% (N = 110) had a history of
seasonal allergies, and 28.5% (N = 47) reported food allergies
(N = 13). These characteristics were similar to the full PEER cohort
(Table 1). At the time of this evaluation, the participants had been
followed for an average of 6.38 years (SD: 2.03) and with a median
follow up of 7 years (interquartile range (IQR) = 5, 8). The median
number of six month intervals evaluated was 8 (IQR: 4–12).

3.2. Analysis of exome sequencing data

Sequencing data was analyzed using the Omixon ‘‘Target”
computational pipeline. We had exome sequencing data for 37
individuals (or 74 genomes) that also had high resolution
HLA-DRB1 typing (two-field). 32 of the 37 (64 of 74 alleles) had
concordant DRB1 allele assignments. A discordant allele assign-
ment (for the 2 alleles) was observed in one subject; and in four
subjects, exome sequencing data was not adequate for this evalu-
ation. Overall, the concordance rate was 83.7% for all samples or
97.0% for samples of sufficient quality (i.e. poor extent of exons
covered) for analysis using the Omixon software tool [41]. All
(100%) of the imputed second fields based on the HLA genotyping
were confirmed by the use of Omixon software.

3.3. HLA genotyping

The HLA-DRB1 genotyped allelic frequency results for 137
children are presented in Table 2. These results were compared
to a control panel of children from the Children’s Hospital of
Philadelphia. The SKDM pipeline was used to analyze these
findings based on biologically relevant protein residue changes in
the binding pockets of HLA-DRB1. This analysis revealed that
amino acid residues at position 78 (DRB1*07:01 and *09:01) of
pocket 4, position 26 (DRB1*03:01 and *09:01) pocket 4 and posi-
tion 9 (DRB1*07:01, *01:02, *15:01, *16:02, *15:02, *15:03, *01:03;
*16:01) of pocket 9 were more prevalent in the PEER cohort then
the control cohort. The odds ratio (OR) of association comparing
the PEER African-American children to the control group was
2.59 (p = 0.02) for position 78, 3.11 (p = 0.03) for position 26, and
2.27 (p = 0.02) for position 9. No associations were noted for the
European-American cohort.

Based on these findings we evaluated whether African-
American children with these residue variations had more
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Table 1
Characteristics of the PEER cohort that provided DNA and the cohort analyzed in this
study.

PEER cohort
(N = 796)

Current study cohort
(N = 160)

Age at onset (years) 0.75 (SD: 2.0) 0.75 (SD 2.5)
Gender (male) 51.8% 57.5%
Uncontrolled disease at

enrollment
10.2% 13.9%

Asthma 52.4% 60.0%
Seasonal allergies 67.7% 66.6%
Food allergies 31.6% 28.5%
Medication allergies 13.6% 13.3%
Pet allergies 30.7% 24.8%
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persistent disease (i.e., more six-month periods with active AD
symptoms requiring the use of topical medication) (Table 3). More
specifically children with substitution at position 78 were more
likely to not (i.e. more persistent) have a six-month period of disease
free skin without using medication (OR: 0.30 (0.14, 0.88;
p = 0.003)) when compared to children with the baseline receptor
residues (DRB1-01:01). Similar findings were noted for amino acid
variation at position 26 (OR: 0.27 (0.10, 0.69; p = 0.006) but not for
position 9 (0.66 (0.27, 1.61; p = 0.36). Interestingly, the findings for
residues at position 78 were not significantly affected by adjust-
ment (i.e., not confounded) by the FLG2 gender, age of onset, and
the presence of seasonal allergies, food allergies, pet allergies,
and asthma but position 26 was confounded. However, after
adjustment the association with residue 9 became significant
(OR: 0.34 (0.18, 0.66; p = 0.001)).
4. Discussion

In our set of investigations, we interrogated the DRB1 gene, part
of the HLA class II region, which was identified as a region of inter-
est for AD in previous large genetic studies [29–32]. Amino acid
variable positions shared by HLA-DRB1 alleles in antigen present-
ing domains as identified by a software tool were found to be
nominally associated with an increased prevalence of AD. The
specific amino acid variants where localized to three peptide-
binding pockets 4 and 9. It is important to realize that we account
for residue 26 among residues associated with pocket 4. The resi-
due 26 was not originally associated with pocket 4 residues
[42,43]. This is due to the fact that only residues in the 4 Angstrom
radius of the incoming side chain of the side chain of an amino acid
were accounted as pocket 4 residues [42,43]. However in a
subsequent study of ours we have shown that upon extending
the radius to 4.5 Angstroms residue 26 is part of pocket 4 [44]. In
fact, residue 26 has been independently shown to influence pep-
tide binding so we feel that residue 26 is a pocket 4 residue [43].
We then evaluated these residues with respect to a clinically
relevant outcome based on the persistence of AD. We were able
to further confirm that two of three of these protein residues are
likely associated with more persistent AD and have effect esti-
mates similar to those we had previously found for mutations of
the skin barrier, FLG or FLG2 mutations [14,19]. We were not able
to find similar abnormalities in those of European-American
ancestry; however, our sample size for this group was very small.

This study is one of the first examples where GWAS data helped
to guide investigators to evaluate an HLA region resulting in an
association of an illness with a receptor phenotype. Even though
the reported SNP association in the GWAS study was not with per-
sistence of AD but rather with AD susceptibility, the designation of
the DRB1 region as being implicated in the disease was suggestive.
Interestingly, mostly GWAS SNPs findings are to alleles already
known within the MHC to be disease associated such as type 1
diabetes or Multiple Sclerosis. In our study the opposite is true in
that GWAS findings helped guide us to the DRB1 gene and we
subsequently identified the exact elements possibly related to
the persistence of AD.

In addition, we showed excellent concordance between Omixon
‘‘Target” software tool genotyping of the MHC II region using whole
exome sequencing data and the HLA-DRB1 typing using sequence
based typing. Our evaluation showed that when using high quality
whole exome sequencing data the concordance between the
methods is greater than 95%.

MHC class II molecules are transmembrane glycoproteins found
primarily on the surface of specialized cells of the immune system
[25,26]. These proteins are important for the presentation of
antigens by APCs to CD 4+ T cells. MHC class II expression is critical
for the control of normal immune response and its variation is
often associated with pathologic immune responses [25,26]. In
the current study we used HLA genotyping to precisely define
DRB1 alleles. We then grouped the allelic variation to character-
ized amino acid sequence substitutions that may result in struc-
tural changes in the molecule likely affecting peptide binding
and antigen presentation by this MHC II molecule thereby yielding
potential targets for further exploration. Previous studies in
autoimmune disease revealed that combinations of variable amino
acid sites shared by several HLA alleles (shared epitopes) are better
descriptors of actual causative genetic variants implicating specific
amino acid residues in peptide binding pockets of HLA-DRB1 that
account for major disease risk attributable to HLA-DRB1 [45].

AD is a disease that has long been thought to have an immuno-
logic component indicating that an evaluation of the HLA-MHC
region of the genome could be fruitful to study [32]. Several studies
have explored the relationship between HLA genes and atopic
sensitization disorders. For example, Aron et al. found a strong
positive relationship between HLA-DR4 and DR7 alleles with atopy
and asthma in a Finnish cohort [46]. HLA-DRB1, -DQB1 and -DPB1
genotypes were associated with peanut allergy in a British study
[47]. In a small Japanese study, HLA-DRB1 and -DQB1 alleles were
found to be associated with severe atopic dermatitis with high IgE
levels [48]. The GPSM3 gene in the MHC region (6p21.3) and likely
in linkage disequilibrium with HLA-DRB1 was implicated in two
AD GWAS, one performed in a Japanese cohort and the other in a
German population using the immunochip [29,30]. Park et al.
showed an association of HLA-DRB1 with AD in Korean children
[49]. Madore et al. reported an association between HLA-DQB1
and peanut allergy [50]. In an AD GWAS performed on European
subjects, Weidinger et al. imputed the classical HLA alleles using
the SNP data and observed a protective effect of HLA-DRB1
whereas HLA-B conferred increased risk of AD [32]. We know of
no previous studies that analyzed protein residue variation with
respect to AD.

Our study has a few weaknesses. First, this is a small first study
that may not have been sufficiently powered for all analyses.
Larger studies will be needed to further replicate and validate
our findings. It is likely that we did not find any associations in
the European-American cohort due to its small size. Second, we
did not correct for multiple testing. However, it is important to
note that our hypothesis was based on previous studies and
focused solely on DRB1. Our final analyses of persistence were all
guided by the preliminary observations and not based on an
agnostic approach that could result in multiple testing concerns.
Furthermore our findings are consistent with many hypothetical
models of AD that describe a process that begins with external
antigen penetrating a defective skin barrier triggering APCs that
in turn activate the Th2 cell-associated cytokine response. A
well-known function of MHC class II molecules is the presentation
of antigen by APCs to Th2 cells. In addition, given that AD is a
common disease in all races and ethnicities, it might be expected



Table 2
Two-field DRB1 allelic frequency for the study cohort, a control group, and NMDP control group.

DRB1 European-American AD
cohort N = 50

European-American
controls N = 109

European-American
controls NMDP

African American
cohort N = 86

African American
controls N = 59

African American
NMDP

0101 0.0700 0.0963 0.09149 0.0085 0.02599
0102 0.0400 0.0183 0.01703 0.0523 0.0169 0.03992
0103 0.0100 0.0138 0.00889 0.0085 0.00229
0301 0.0900 0.1376 0.12916 0.0756 0.0339 0.07069
0302 0.00006 0.0465 0.0678 0.06528
0305 0.00000 0.00021
0306 0.00000 0.00021
0401 0.0700 0.0688 0.09111 0.0291 0.0085 0.02287
0402 0.0275 0.00972 0.00042
0403 0.0200 0.0138 0.00572 0.0085 0.00229
0404 0.0200 0.0413 0.03634 0.0058 0.00686
0405 0.0046 0.00368 0.0116 0.0339 0.00956
0406 0.0100 0.00025 0.00062
0407 0.0100 0.0138 0.00947 0.0058 0.0085 0.00395
0408 0.0092 0.00248 0.0085 0.00062
0409 0.00000 0.00021
0410 0.00000 0.00062
0411 0.00000 0.00083
0414 0.00000 0.00000
0417 0.00000 0.00000
0418 0.00000 0.00000
0701 0.1100 0.1330 0.13767 0.1512 0.0847 0.09771
0703 0.00000 0.00000
0801 0.0200 0.0275 0.02363 0.0058 0.00457
0802 0.0100 0.0092 0.00025 0.00104
0803 0.0100 0.00133 0.00042
0804 0.00089 0. 0756 0.0678 0.05052
0805 0.00000 0.00000
0806 0.00006 0.0169 0.00520
0809 0.00000 0.00000
0810 0.00000 0.00000
0811 0.00006 0.00104
0901 0.0300 0.0138 0.00820 0.0349 0.03160
1001 0.0046 0.00826 0.0763 0.01850
1101 0.0600 0.0321 0.05654 0. 0814 0.1102 0.08711
1102 0.0100 0.0046 0.00152 0.0174 0.0593 0.03909
1103 0.0100 0.0046 0.00483 0.00062
1104 0.0400 0.0505 0.03189 0.00561
1106 0.00000 0.00000
1108 0.00000 0.00000
1109 0.00006 0.00000
1110 0.00000 0.00166
1111 0.00000 0.00000
1115 0.00000 0.00000
1117 0.00000 0.00021
1139 0.00006 0.00000
1201g 0.0300 0.0275 0.01468 0.0465 0.0169 0.03950
1202 0.00000 0.0169 0.00270
1208 0.00000 0.00000
1301 0.0600 0.0229 0.06283 0.0465 0.0763 0.05551
1302 0.0600 0.0459 0.04015 0.0640 0.0508 0.06445
1303 0.0200 0.0092 0.00991 0.0233 0.0085 0.03701
1304 0.00006 0.0174 0.0085 0.01310
1305 0.00235 0.00042
1306 0.00000 0.00000
1309 0.00000 0.00000
1311 0.00006 0.00021
1312 0.00000 0.00000
1316 0.00000 0.00042
1320 0.00000 0.00021
1331 0.00000 0.00062
1336 0.00000 0.00021
1340 0.00000 0.00000
1350 0.00000 0.00000
1401g 0.02459 0.0058 0.0085 0.02141
1402 0.00000 0.00062
1403 0.00000 0.00000
1404 0.0100 0.00032 0.00042
1405 0.00000 0.00000
1406 0.00006 0.00000
1407 0.00006 0.00000
1408 0.00000 0.00000
1412 0.00000 0.00000

(continued on next page)
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Table 2 (continued)

DRB1 European-American AD
cohort N = 50

European-American
controls N = 109

European-American
controls NMDP

African American
cohort N = 86

African American
controls N = 59

African American
NMDP

1418 0.00000 0.00000
1419 0.00000 0.00000
1422 0.00000 0.00000
1425 0.00000 0.00000
1432 0.0100
1454 0.0300 0.0138 0.0174 0.0254
1501 0.1200 0.1239 0.14441 0.0233 0.0085 0.02931
1502 0.0092 0.00775 0.0116 0.00166
1503 0.0138 0.00019 0.1337 0.1441 0.11746
1504 0.00000 0.00000
1506 0.00000 0.00000
1507 0.00000 0.00000
1514 0.00000 0.00000
1601 0.0200 0.0046 0.01061 0.0085 0.00104
1602 0.0046 0.00127 0.0233 0.0085 0.01538

Table 3
The persistence of AD and DRB1 protein residues (odds ratios and 95% confidence
intervals). Fully adjusted, FLG2 gender, age of onset, and the presence of seasonal
allergies, food allergies, pet allergies, and asthma.

Pocket/
Position

Symptom free without need for medication

Full cohort African-
Americans

Fully adjust African-
Americans

Pocket 4/
Position 78

0.31 (0.18,0.52)
<0.0001

0.30 (0.14,
0.68) 0.003

0.22 (0.04,1.12) 0.06

Pocket 4/
Position 26

0.32 (0.15,0.69)
0.004

0.27 (0.10,0.69)
0.006

1.98 (0.53,7.40) 0.31

Pocket 9/
Position 9

0.46 (0.27, 0.78)
0.004

0.66 (0.27,1.61)
0.36

0.34 (0.18,0.66) 0.001
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that a common mechanism (e.g. MHC class II-mediated immune
dysregulation) might exist. Finally, it is possible that in some of
our samples the HLA-DRB1 allele assignment was not accurate
since for several of our samples all allele ambiguities were not
resolved. In these cases we defaulted to the most probable alleles.
However, 14 of the subjects (representing 23 alleles) that were not
fully resolved were also part of the group evaluated by the Omixon
software and for these the Omixon approach was in 100% agree-
ment with this ‘‘default” approach. Thus it is unlikely that this
was a source of important error.

In conclusion, GWAS evaluation of the complex diversity of the
MHC has yielded few potentially causal associations with illness in
the MHC II region. We used previous GWAS studies to help inform
our investigation. In the PEER cohort, specific residue variation of
binding pockets of the HLA-DRB1 locus was marginally associated
with had an increased prevalence of AD and significantly associ-
ated with the persistence of AD. This association was noted for
those of African ancestry and was not influenced by skin barrier
protein variation (FLG2 status). This is the first report associating
MHC II variation with the persistence of AD. Future studies need
to replicate and validate the findings from our study, include larger
samples sizes of children from different ancestries, investigate
functional aspects of DRB1 variation, as well associations of DRB1
within multi-loci MHC haplotypes with respect to AD.
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