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Abstract

Atopic dermatitis (AD) is a common immune-medicated skin disease. Previous studies have 

explored the relationship between Human Leukocyte Antigen (HLA) allelic variation and AD with 

conflicting results. The aim was to examine HLA Class I genetic variation, specifically peptide 

binding groove variation, and associations with AD. A case-control study was designed to evaluate 

HLA class I allelic variation and binding pocket polymorphisms, using next generation sequencing 

on 464 subjects with AD and 388 without AD. Logistic regression was used to evaluate 

associations with AD by estimating odds ratios (95% confidence intervals). Significant 

associations were noted with susceptibility to AD (B*53:01) and protection from AD (A*01:01, 

A*02:01, B*07:02 and C*07:02). Evaluation of polymorphic residues in Class I binding pockets 

revealed six amino acid residues conferring protection against AD: A9F (HLA-A, position 9, 
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phenylalanine) [pocket B/C], A97I [pocket C/E], A152V [pocket E], A156R [pocket D/E], B163E 

[pocket A] and C116S [pocket F]. These findings demonstrate that specific HLA class I 

components are associated with susceptibility or protection from AD. Individual amino acid 

residues are relevant to protection from AD and set the foundation for evaluating potential HLA 

Class I molecules in complex with peptides/antigens that may initiate or interfere with T-cell 

responses.
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1. Introduction

Atopic dermatitis (AD) is a common and chronic, itchy inflammatory skin disorder, which 

has been associated with genetic risk factors.[1–4] Several small studies using older 

immunogenotyping technology have explored the relationship between Human Leukocyte 

Antigen (HLA) allelic variation and AD with conflicting results.[5–9] Independently, several 

large genome wide association studies (GWAS) that relied on imputation protocols, of 

Europeans and Asians with AD, have reported associations between HLA genes and AD.[6–

9] These reports identify HLA regions associated with AD or atopic illnesses such as asthma 

and food allergy which are commonly seen with AD. Reporting was based on single 

nucleotide changes such as rs4713555 (located between DRB1 and DQA1)[6, 7], 

rs28383201 (between DRB1 and DQA1)[10], rs9368677 (between HLA-B and HLA-C)

[11], rs9469099 (TSBP1)[11], rs2251396 (between HLA-B and MICA)[9], and rs6474 

(complement region)[9]. A careful assessment of the RSID (reference SNP cluster ID) 

variants listed and noted above reveal that by themselves these single nucleotide 

polymorphisms (SNPs) do not uniquely describe HLA allelic variants, as they are not 

located within HLA genes, but they denote the relevance of a region as being implicated in 

the disease process.[6–9, 12, 13] Considering the critical role of HLA genes for the immune 

response, these findings indicate the need for identifying specific HLA polymorphisms 

relevant to AD and the potential role that they may play in disease susceptibility/protection.

AD, classically, has been associated with T-cell dysregulation[14–16], which is most often 

assumed to be with T-cells that skew to TH2 pathways, involving CD4 T-cells associated 

with allergic disease.[15, 16] However, TH1 pathways most often involve HLA Class I 

interacting with CD8 T-cells, which is frequently associated with viral and autoimmune 

illnesses.[17–19] Considering that AD has been associated with viral syndromes, including 

severe viral infections like eczema herpeticum, and with autoimmune diseases, CD8 cells 

which have been shown to be decreased in those with AD, may also play a role in the 

disease process.[20–27] Of note is a recent study demonstrating that while individuals with 

AD do generally have active TH2 pathways, TH1 pathways are also active in adults with AD.

[28] Independently, several studies including a recent study by Mack et al. have associated 

AD with NK cell function.[21, 29–32] NK cells function by directly interacting with HLA 

Class I. It is, therefore, meaningful to investigate the possible role of HLA Class I 

polymorphisms in the AD disease process.
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Using next generation sequencing (NGS)-based technologies that allow for the 

comprehensive and detailed characterization of HLA genes (including exonic and intronic 

sequences) we determined allelic variations within the AD and control groups. Thereafter, 

and based on the allelic variation, we assessed the differential frequency of specific amino 

acid residues withing the binding pocket, critical for peptide binding.[33–35] Our primary 

objective was to examine as to whether HLA Class I genetic variation, specifically within 

the peptide binding groove, is associated with AD. To our knowledge, no previous studies 

have explored the role of HLA class I binding site variation and its association with AD 

disease risk.

2. Materials and Methods:

2.1 Population

The primary source of subjects for this study was the Genetics of Atopic Dermatitis (GAD) 

cohort. All subjects were examined by dermatologists with expertise in the diagnosis of AD 

from the following Dermatology practice locations: University of Pennsylvania Perelman 

School of Medicine, Children’s Hospital of Philadelphia, Pennsylvania State University/

Hershey Medical Center, and Washington University School of Medicine in St Louis. All 

subjects had a history and an exam consistent with AD (cases) or no history of AD by 

history and examination (controls). There was no age restriction for enrollment. All subject 

related information was obtained using a standard case report form that was completed by 

the subject, after subject interview, and/or medical record review.

All subjects or legal guardians provided written informed consent or, if appropriate, assent 

approved by their appropriate Institutional Review Board.

2.2 DNA Analysis

DNA was collected using Oragene DNA collection kits (DNA Genotek, Ottawa Canada) as 

previously reported.[36] The three classical HLA Class I genes (−A, −B, −C) for individuals 

in the GAD cohort were sequenced using targeted amplicon-based NGS with Omixon 

Holotype HLA™ V2 kits (Budapest, Hungary). HLA genes were amplified (Qiagen LR PCR 

kits, Valencia, CA) on a Veriti thermal cycler (ThermoFisher, Waltham, MA), then 

amplicons from each gene were pooled per sample with library preparation occurring 

according to the manufacturer’s protocol. The final library was sequenced on an Illumina 

MiSeq (San Diego, CA) using paired-end 2×150 V2 chemistry. Omixon Twin™ (7,000 pairs/

locus, v, 2.5.1) and GenDx NGSengine® (300,000 pairs/sample) analyzed each set of Fastq 

files. Genotyping was conducted in the Immunogenetics Laboratory of Children’s Hospital 

of Philadelphia, a CLIA and ASHI accredited clinical laboratory, using clinical protocols 

with appropriate quality controls and standards.

2.3 Analysis

Analyses were conducted based on HLA allelic variation induced changes to protein 

residues in exonic coding regions as denoted in receptor binding regions. Protein (reside) 

variation were determined based on IMGT/HLA data. We focused on specific pocket 

residues as being critical for peptide binding and therefore possibly involved in disease 
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processes, as previously reported.[33] This decision was based on Simpson Reciprocal Index 

(SRI).[33] As a result, we focused only on those residues with the highest SRI (≥2.4, i.e. the 

residues that exert the highest influence in peptide binding accounting for the number of 

amino acid substitutions at each of these positions and the relevant frequency of alleles with 

the particular amino acid in the particular positional residue).[33] We, therefore, evaluated 

positions 9, 97, 114, 152 and 156 of HLA-A; 67, 97, 116, and 163 of HLA-B; and positions 

9, 116 and 156 of HLA-C (Table 1).

Residue frequencies (RF) were based on the number of chromosomes with alleles that coded 

for the residue variant and were estimated with 95% confidence interval (CI). RF was 

estimated separately for those with and without AD. The odds ratio (OR) of having AD was 

estimated using an additive model for the residue variation and logistic regression comparing 

those with and without AD. OR were not adjusted in that conceptually HLA variation is a 

somatic genetic trait. Secondary analyses included estimates adjusted by ancestry and 

gender as well as estimates by ancestry. The effect estimates were not adjusted for other 

atopic illnesses like asthma, seasonal allergies or food allergies because these illness are 

likely on the same causal pathway as atopic dermatitis as noted in studies of the atopic 

march.[37] Our final analysis is at the amino acid level within the binding pocket of the 

HLA molecules (e.g., a phenotype).

Correction of p-values for multiple comparisons is not straightforward.[38, 39] The goal 

behind correction is to control the type I error rate (α) and thereby improve the 

reproducibility of investigations.[38, 40, 41] Our investigation was conducted because 

previous studies indicated interest in Class I HLA genes with respect to AD. As a result, we 

report Bonferroni correction (pcorr) by number of variants or residues analyzed per HLA 

gene. We also report the uncorrected p-value. All statistical analyses were conducted using 

Stata Version 16.1 (College Station, TX).

3. Results

3.1 Characteristics of study subjects

HLA genotyping was performed on 464 individuals with AD (cases) and 388 without 

(controls) members of GAD. Within the full GAD cohort, 503 (59.0%) were of European-

Ancestry, 318 (37.3%) were of African-Ancestry, 479 (56.2%) were female, 291 (39.3%) 

had asthma, 342 (40.1%) had seasonal allergies, and 205 (24.1%) had both. Of the 464 

subjects in the GAD cohort with AD, 232 (50.0%) were of European-Ancestry, 203 (43.8%) 

were of African-Ancestry, 303 (65.3%) were female, 254 (54.7%) had asthma, 290 (62.5%) 

had seasonal allergies, and 190 (40.9%) had both. For this group, the median age of AD 

onset was 0.75 years (interquartile range: 0.25 – 11). Of the 388 subjects in the GAD cohort 

without AD (controls), 271 (69.8%) were of European-Ancestry, 115 (30.0%) were of 

African-Ancestry, 176 (45.4%) were female, 49 (12.7%) had asthma, 63 (16.3%) had 

seasonal allergies, and 15 (3.8%) had both. As expected, the presence of asthma and 

seasonal allergies were significantly different between the case and control groups (p 

<0.001)
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3.2 HLA class I allelic sequencing

For the 852 members of the GAD cohort, the results for alleles with allelic frequency of ≥ 

0.05, are presented in Table 2, and include four HLA-A, six HLA-B and six HLA-C alleles. 

As expected, AF varied by ancestry (Table 2). To be complete, all genotyping results are 

available in the supplement Table 1.

With respect to associations with AD, five alleles maintained significance after adjusting for 

multiple comparisons: A*01:01, A*02:01, B*07:02, B*53:01, and C*07:02. Only B*53:01 

was associated with an increased susceptibility for AD (Table 3). While individual allelic 

frequencies could vary by ancestry, the effect estimates changed minimally after adjustment 

for gender and race and changed minimally when evaluated within European or African 

ancestry (Tables 2 & 3). B*07:02 and C*07:02 were in linkage disequilibrium (LD) 

(r2=0.69) and this was noted in those of European (r2=0.85) and African ancestry (r2=0.45). 

B*07:02~C*07:02 represents a known and common haplotype. The other alleles reported 

above were not in LD.

3.3 HLA Class 1 residue analysis

SRI analysis revealed four HLA-A residue positions with 19 variants, four HLA-B residue 

positions with 19 variants and three HLA-C residues with 11 variants that had scores of 

greater than or equal to 2.4 (Table 1). The ORs for association with AD are presented in 

Table 4. The amino acid residues associated with prevention of AD after adjustment for 

multiple testing included A9F (pcorr =2.2×10−4), A97I (pcorr =0.034), A152V (pcorr =0.038), 

A156R (pcorr =1.9×10−4), B163E (pcorr =0.017), and C116S (pcorr =0.030). None of these 

residues are in LD (i.e., all r2 < 0.20). The effect estimates for association for the residues 

A9F, A152V, A156R, B163E, and C116S were similar in those of African and European 

ancestry. The effect estimates for association for A97I and A152V were likely not the same 

for those of African and European ancestry (Table 4). None were associated with an 

increased susceptibility. HLA-A*01:01, as well as several other alleles, is one of the alleles 

that generates the A9F, A97I, and A156R residue phenotypes. HLA-A*02:01 as well as 

several other alleles, is one of the alleles that generates the A152V residue phenotype. HLA-

B*07:02 as well as several other alleles, is one of the alleles that produces the B163E 

residue phenotype. HLA-C*07:02 as well as several other alleles, is one of the alleles that 

generates the C116S residue phenotype. All known alleles associated with these residues are 

presented in Supplemental Table 2.

4. Discussion

We conducted high-resolution NGS sequencing of genes in the HLA Class I region of 

individuals with AD. The study focused on European Americans and African Americans 

with AD using a case-control study design. HLA allelic variation and protein residue 

changes related to these variants were assessed. From the HLA Class I region, A*01:01, 

A*02:01, B*07:02, and C*07:02 prevented and B*53:01 increased the susceptibility of AD. 

Amino acid residues, A9F, A97I, A152V, A156R, B163E, and C116S, which are from 

binding sites in the Class I molecule, were associated with prevention of AD.
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The assessment of individual positional residues and amino acids aims at focusing on 

specific sub-molecular entities within HLA molecules and their association to AD. A residue 

can be common to multiple different HLA alleles as such each individual allele might not 

show significant associations, but the residue across alleles (i.e., it is a composite of alleles) 

can denote a phenotype that is associated with disease.[34] In our study, individual residues 

associated with HLA-A confer protection from AD. These residues were at positions 9 

(pockets C/B), 97 (pockets C/E), 152 (pocket E) and 156 (pocket E/D). For HLA-B, residue 

at position 163 (pocket A) and for HLA-C residue located at position 116 (pocket F) were 

protective of AD. Alleles B*07:02 and C*07:02 are in LD. Admittedly, none of the 

aforementioned pocket residues within each individual Class I alleles is expected to operate 

independently from each other, however none of these pocket residues are in LD (data not 

shown) within different class 1 isotypes. Since the residue variants influence peptide 

binding, their identification is critically important as we search for peptides/antigens that 

bind to HLA receptors with relevance to AD.[20] By analyzing the amino acid 

polymorphisms involved in the HLA binding pockets, we evaluated biologically relevant 

functionality and our analysis was consistent with the widely accepted notion that HLA 

disease associations can be defined much more sensitively at the amino acid level than at the 

classical HLA allelic level.[33, 34]

Several immunologic functions can be influenced by HLA Class I activation. HLA has been 

shown to be associated with multiple disease states, with some alleles being protective and 

others conferring susceptibility. The HLA-B allele has been associated with autoimmune 

and inflammatory diseases such as ankylosing spondylitis, thyroid disease, Type 1 diabetes, 

and psoriasis.[19] In fact, recent research suggests that ~90% of causal autoimmune disease 

variants reside within non-coding regions of the human genome and therefore it is very 

likely that multiple elements (like regulatory miRNAs) within the HLA genes could be 

important.[42]

As with all epidemiologic studies, this study has limitations. Although this study is the 

largest study of its kind, we were under-powered to evaluate less common HLA alleles and 

for this reason we a priori limited our analyses to alleles with a frequency of ≥0.05. 

Restricting our analyses to more common alleles may limit a fuller understanding of the 

underlying mechanisms. However, alleles that might have been too uncommon to be 

individually evaluated would have been included in our analyses of protein residue variation, 

since this included groups of alleles that share individual amino acids at specific positional 

residues. Our ability to trace the phenotype of the likely protein residue alteration of the 

allelic variants’ effect to the receptor antigen interface is physiologically important and 

confirms the significance of our initial allelic findings. The study cohort was derived from 

academic dermatology offices and as such patients were likely more severe, so it is possible 

that our results may not generalize to other sites.

In summary, we conducted a case-control study of individuals with AD and controls using 

NGS of the three Classic HLA Class I alleles. HLA Class I allelic variation was 

demonstrated to be associated with AD, B*53:01, and protective for AD with respect to 

A*01:01, A*02:01, B*07:02, and C*07:02 as well as the specific protein residues, A9F, 

A97I, A152V, A156R, B163E and C116S, associated with these alleles. The identification of 
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these sub-molecular HLA elements (residues) associated with a particular phenotype 

(disease progression, protection or susceptibility), are therefore good probes for dissecting 

the physiology of reported associations. Further studies of HLA Class I including the 

identification of peptides from known antigens implicated in AD that interact with these 

alleles as well as known antigens will lead to a better understanding of the immunologic 

pathology of AD and has the potential to lead to new therapeutic models.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Locations of the significant residues. The 3-dimensional structure of each HLA Class I 

molecule is shown, highlighting the significant residues and pockets in which they 

participate. In all images the HLA protein is shown with a carbon backbone overlayed with 

the surface. The peptide presented by the HLA molecule is shown in cyan, and the non-

significant HLA pocket residues are shown in light orange. The significant residue(s) for 

each HLA molecule is shown in a bold color and with the side chains as sticks. Beta-2 

microglobulin is present as part of each crystal structure and has been hidden. A) HLA-A, 

based on an HLA-A*01:01 crystal structure (Protein Data Bank (PDB): 6AT9), has been 

mutated to show a Valine residue at position 152. Each significant residue is shown 

separately: A9F is blue, A97I is magenta, A152V is green and A156R is red. B) HLA-B, 

based on a HLA-B*27:05 crystal structure (PDB ID: 2BSS) shows B163E as orange. C) 

HLA-C, based on a HLAC*06:02 crystal structure (PDB ID: 5 W67), shows C116S also as 

orange. (For interpretation of the references to color in this figure legend, the reader is 

referred to the web version of this article.)
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Table 1:

Simpson reciprocal index (SRI)[33] is presented for the full GAD cohort for residues known to occur within 

HLA Class I binding pockets. SRI that are greater than or equal to the threshold of 2.4 are bolded.

Simpson reciprocal index

Position HLA-A HLA-B HLA-C

9 2.86 1.81 2.62

63 1.54 1.99 1

66 1.86 1.16 1.36

67 1.29 3.77 1

70 1.75 1.76 1

74 1.60 1.82 1

77 2.07 2.00 1.94

80 1.38 2.22 1.94

81 1.38 1.83 1

97 2.98 2.84 1.52

99 1.26 1.02 1.89

114 3.16 2.14 1.68

116 2.31 3.66 2.51

152 2.52 1.89 1.83

156 2.43 2.27 3.11

163 1.53 2.59 1.57

167 1.56 1.31 1
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Table 2:

HLA allelic frequencies for the full GAD cohort, GAD by race and GAD by case/control status for alleles 

with an allelic frequency of ≥ 0.05. See supplemental Table 1 for all alleles.

Full GAD n=852 European Ancestry 
n=503

African Ancestry n=318 All Controls n=388 All Cases n=464

Allele n AF (95% CI) n AF (95% CI) n AF (95% CI) n AF (95% CI) n AF (95% CI)

A*01:01 182 0.11 
(0.09,0.12)

158 0.16 
(0.14,0.18)

20 0.03(0.02,0.05) 115 0.15 
(0.12,0.18)

67 0.07 
(0.06,0.09)

A*02:01 305 0.18 
(0.16,0.20)

241 0.24 
(0.21,0.27)

59 0.09(0.07,0.12) 162 0.21 
(0.18,0.24)

143 0.15 
(0.13,0.18)

A*03:01 215 0.13 
(0.11,0.14)

150 0.15 
(0.13,0.17)

63 0.10(0.08,0.12) 102 0.13 
(0.11,0.16)

113 0.12 
(0.10,0.14)

A*24:02 106 0.06 
(0.05,0.07)

81 0.08 
(0.06,0.10)

15 0.02(0.01,0.04) 55 0.07 
(0.05,0.09)

50 0.05 
(0.04,0.07)

B*07:02 162 0.09 
(0.08,0.11)

103 0.10 
(0.08,0.12)

52 0.08(0.06,0.11) 94 0.12 
(0.10,0.15)

68 0.07 
(0.06,0.09)

B*08:01 120 0.07 
(0.06,0.08)

101 0.10 
(0.08,0.12)

17 0.03(0.02,0.04) 60 0.08 
(0.06,0.10)

60 0.06 
(0.05,0.08)

B*35:01 95 0.06 
(0.05,0.07)

53 0.05 
(0.04,0.07)

41 0.06(0.05,0.09) 46 0.06 
(0.04,0.08)

49 0.05 
(0.04,0.07)

B*44:02 102 0.06 
(0.05,0.07)

87 0.09 
(0.07,0.11)

14 0.02(0.01,0.04) 51 0.07 
(0.05,0.09)

51 0.05 
(0.04,0.07)

B*44:03 80 0.05 
(0.04,0.06)

45 0.04 
(0.03,0.06)

36 0.06(0.04,0.08) 28 0.04 
(0.02,0.05)

52 0.06 
(0.04,0.07)

B*53:01 77 0.05 
(0.04,0.06)

10 0.01 
(0.00,0.02)

66 0.10(0.08,0.13) 22 0.03 
(0.02,0.04)

55 0.06 
(0.04,0.08)

C*03:04 104 0.06 
(0.05,0.07)

55 0.05 
(0.04,0.07)

41 0.06(0.05,0.09) 41 0.05 
(0.04,0.07)

63 0.07 
(0.05,0.09)

C*04:01 233 0.14 
(0.12,0.15)

124 0.12 
(0.10,0.15)

107 0.17(0.14,0.20) 98 0.13 
(0.10,0.15)

135 0.15 
(0.12,0.17)

C*05:01 106 0.06 
(0.05,0.07)

86 0.09 
(0.07,0.10)

19 0.03(0.02,0.05) 55 0.07 
(0.05,0.09)

51 0.05 
(0.04,0.07)

C*06:02 115 0.07 
(0.06,0.08)

83 0.08 
(0.07,0.10)

29 0.05(0.03,0.06) 65 0.08 
(0.07,0.11)

49 0.05 
(0.04,0.07)

C*07:01 203 0.12 
(0.10,0.14)

154 0.15 
(0.13,0.18)

47 0.07(0.05,0.10) 98 0.13 
(0.10,0.15)

105 0.11 
(0.09,0.14)

C*07:02 175 0.10 
(0.09,0.12)

118 0.12 
(0.10,0.14)

46 0.07(0.05,0.10) 97 0.13 
(0.10,0.15)

78 0.08 
(0.07,0.10)

Hum Immunol. Author manuscript; available in PMC 2022 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Margolis et al. Page 14

Table 3:

Association of AD and HLA Class I allelic variation presented as odds ratios with 95% confidence intervals 

(OR > 1 represents increased risk). ORs presented for the full cohort. The full cohort adjusted by ancestry and 

for just those of European or African ancestry. The p-value correction (in manuscript) is based on analyses per 

gene; HLA-A 4, HLA-B 6 and HLA-C 6.

Allele OR p-value Adjusted OR European Ancestry African Ancestry

A*01:01 0.46 (0.33, 0.63) 1.35e-06 0.55(0.40, 0.77) 0.54 (0.37, 0.77) 0.54(0.22, 1.35)

A*02:01 0.71 (0.56, 0.90) .0049846 0.82(0.63, 1.06) 0.94 (0.70, 1.24) 0.64(0.38, 1.11)

A*03:01 0.92 (0.70, 1.21) .5642952 1.05(0.79, 1.41) 0.94 (0.67, 1.31) 1.31(0.76, 2.26)

A*24:02 0.75 (0.51, 1.20) .1549402 0.89(0.59, 1.34) 1.09 (0.70, 1.71) 0.13(0.04, 0.47)

B*07:02 0.60 (0.43, 0.82) .0015001 0.56(0.40, 0.78) 0.48 (0.31, 0.75) 0.77(0.44, 1.34)

B*08:01 0.84 (0.59, 1.20) .3335906 1.03(0.71, 1.50) 1.02 (0.68, 1.52) 1.03(0.43, 2.46)

B*35:01 0.88 (0.59, 1.34) .5634918 0.88(0.57, 1.35) 0.62 (0.34, 1.12) 1.36(0.70, 2.66)

B*44:02 0.83 (0.57, 1.23) .3660473 1.06(0.71, 1.60) 1.10 (0.71, 1.69) 0.77(0.28, 2.13)

B*44:03 1.60 (1.00, 2.58) .0516518 1.62(0.99, 2.66) 1.52 (0.82, 2.81) 2.06(0.92, 4.63)

B*53:01 1.98 (1.22, 3.22) .005361 1.43(0.87, 2.36) 1.77 (0.49, 6.36) 1.51(0.88, 2.60)

C*03:04 1.31 (0.87, 1.98) .1919211 1.23(0.80, 1.90) 1.35 (0.77, 2.36) 1.10(0.57, 2.11)

C*04:01 1.17 (0.89, 1.54) .2586665 1.12(0.84, 1.50) 0.80 (0.55, 1.16) 2.10(1.28, 3.42)

C*05:01 0.77 (0.52, 1.13) .1841949 0.97(0.64, 1.45) 0.92 (0.59, 1.43) 0.97(0.37, 2.54)

C*06:02 0.60 (0.41, 0.89) .0109947 0.66(0.44, 0.98) 0.66 (0.41, 1.06) 0.80(0.38, 1.69)

C*07:01 0.89 (0.67, 1.18) .4195639 1.06(0.78, 1.42) 1.06 (0.76, 1.47) 1.00(0.53, 1.88)

C*07:02 0.66 (0.49, 0.90) .0084513 0.66(0.48, 0.91) 0.58 (0.39, 0.86) 0.88(0.48, 1.60)
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Table 4:

Association of AD and HLA Class I residue variation presented as odds ratios with 95% confidence intervals 

(OR > 1 represents increased risk). ORs presented for the full cohort as well as by European or African 

ancestry. The corrected p-value (in manuscript) is based on analyses per residue; HLA-A 19, HLA-B 19 and 

HLA-C 11.

Allele Full GAD p-value European Ancestry African Ancestry

A9T 1.55 (1.11,2.16) .0104174 1.40 (0.84,2.34) 1.23 (0.77,1.96)

A9Y 0.98 (0.77,1.25) .8759459 1.01 (0.73,1.41) 0.81 (0.55,1.18)

A9S 1.12 (0.88,1.43) .3475483 1.13 (0.81,1.58) 0.83 (0.57,1.23)

A9F 0.64 (0.53,0.77) 1.91e-06 0.72 (0.56,0.91) 0.89 (0.63,1.25)

A97M 1.16 (0.93,1.44) .196362 1.32 (0.98,1.77) 0.79 (0.56,1.14)

A97I 0.73 (0.60,0.89) .0018121 0.60 (0.46,0.79) 1.15 (0.82,1.60)

A114R 0.61 (0.43,0.87) .0067458 0.39 (0.22,0.72) 0.81 (0.50,1.30)

A114H 0.67 (0.48,0.93) .0150107 1.00 (0.58,1.71) 0.54 (0.35,0.83)

A114Q 1.24 (0.94,1.64) .125937 1.37 (0.95,1.97) 1.04 (0.65,1.64)

A114E 1.38 (0.96,2.00) .0861521 1.18 (0.59,2.37) 1.09 (0.68,1.75)

A152A 0.63 (0.38,1.03) .0674447 0.38 (0.18,0.80) 0.82 (0.38,1.75)

A152E 0.92 (0.73,1.16) .4897042 1.01 (0.76,1.34) 1.09 (0.72,1.65)

A152R 1.81 (1.05,3.13) .0333442 2.08 (0.60,7.18) 1.27 (0.67,2.38)

A152W 1.12 (0.68,1.84) .6674959 0.97 (0.41,2.29) 0.94 (0.49,1.80)

A152V 0.63 (0.46,0.85) .0028012 1.01 (0.60,1.70) 0.51 (0.34,0.76)

A156L 1.03 (0.86,1.24) .7397109 1.09 (0.86,1.39) 1.05 (0.77,1.45)

A156W 1.15 (0.87,1.52) .3152551 1.34 (0.89,2.00) 0.81 (0.54,1.22)

A156Q 0.77 (0.57,1.03) .074487 0.84 (0.59,1.20) 0.56 (0.26,1.19)

A156R 0.51 (0.37,0.69) .0000103 0.55 (0.38,0.79) 0.70 (0.36,1.38)

B67C 0.69 (0.50,0.95) .0246945 0.81 (0.56,1.19) 0.81 (0.41,1.60)

B67F 0.94 (0.75,1.17) .5577738 0.86 (0.64,1.14) 1.31 (0.89,1.92)

B67M 1.02 (0.72,1.45) .9191346 0.61 (0.36,1.04) 1.38 (0.79,2.41)

B67S 1.02 (0.84,1.23) .8488475 1.35 (1.05,1.73) 0.82 (0.59,1.15)

B67Y 0.75 (0.57,0.99) .0412008 0.63 (0.43,0.93) 0.79 (0.51,1.23)

B97R 1.14 (0.95,1.37) .171127 1.27 (1.00,1.63) 1.10 (0.81,1.49)

B97S 0.71 (0.57,0.90) .0037412 0.74 (0.55,0.99) 0.74 (0.49,1.12)

B97T 0.74 (0.52,1.05) .093219 0.83 (0.55,1.26) 0.63 (0.29,1.37)

B97V 0.86 (0.55,1.35) .5138767 0.50 (0.26,0.95) 2.43 (0.98,6.03)

B97N 0.44 (0.22,0.87) .0176398 0.55 (0.26,1.14) 0.56 (0.08,4.05)

B97W 0.92 (0.56,1.53) .7530051 1.06 (0.57,1.95) 0.92 (0.37,2.28)

B116D 0.91 (0.69,1.20) .5071285 0.99 (0.71,1.38) 1.41 (0.80,2.49)

B116F 0.76 (0.54,1.08) .1252513 0.99 (0.67,1.47) 0.72 (0.33,1.54)

B116L 1.07 (0.74,1.55) .7064316 1.28 (0.80,2.06) 0.83 (0.45,1.52)

B116Y 0.78 (0.64,0.95) .013964 0.76 (0.59,0.99) 0.88 (0.62,1.26)
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Allele Full GAD p-value European Ancestry African Ancestry

B116S 1.05 (0.85,1.29) .6725844 0.95 (0.72,1.27) 1.05 (0.76,1.46)

B163E 0.67 (0.53,0.85) .0008871 0.66 (0.49,0.89) 0.63 (0.40,0.97)

B163L 1.10 (0.92,1.31) .3057666 0.95 (0.75,1.20) 1.26 (0.92,1.73)

B163T 0.91 (0.73,1.12) .3654661 1.24 (0.95,1.62) 0.74 (0.49,1.10)

C9D 0.79 (0.65,0.96) .0182299 0.78 (0.61,1.00) 1.07 (0.74,1.54)

C9F 1.83 (0.84,3.98) .1298465 1.78 (0.78,4.07) NA

C9S 1.21 (0.94,1.58) .1435786 0.85 (0.60,1.21) 2.07 (1.30,3.28)

C9Y 1.01 (0.84,1.21) .9144933 1.10 (0.87,1.40) 0.92 (0.68,1.26)

C116F 1.23 (1.00,1.50) .0479706 0.98 (0.75,1.29) 1.79 (1.27,2.52)

C116L 0.59 (0.28,1.27) .1801457 0.70 (0.31,1.59) 0.56 (0.03,9.11)

C116S 0.75 (0.62,0.91) .0027865 0.81 (0.63,1.03) 0.81 (0.58,1.12)

C116Y 1.25 (0.91,1.72) .1671472 1.29 (0.87,1.92) 1.25 (0.68,2.29)

C156E 1.04 (0.74,1.46) .8112022 1.25 (0.77,2.04) 0.78 (0.48,1.26)

C156L 1.27 (0.92,1.74) .1466801 1.18 (0.78,1.79) 1.16 (0.66,2.04)

C156T 0.84 (0.69,1.02) .0810395 0.69 (0.51,0.91) 1.50 (1.11,2.03)
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