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Abstract

Background—Atopic dermatitis (AD) is a heterogeneous chronic inflammatory skin disease.
Most AD during infancy resolves during childhood, but moderate to severe AD with allergic
sensitization is more likely to persist into adulthood and more often occurs with other allergic
diseases.
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Objective—We sought to find susceptibility loci by performing the first genome-wide
association study (GWAS) of AD in Korean children with recalcitrant AD, defined as moderate to
severe AD with allergic sensitization.

Methods—Our study included 246 children with recalcitrant AD and 551 adult controls with a
negative history of both allergic disease and allergic sensitization. DNA from these individuals
was genotyped; sets of common SNPs were imputed and used in the GWAS after quality control
checks.

Results—SNPs at a region on 13g21.31 were associated with recalcitrant AD at a genome-wide
threshold of significance (P < 2.0x1078). These associated SNPs are >1Mb from the closest gene,
PCDH9. SNPs at four additional loci had P < 1x1075, including SNPs at or near the NBAS
(2p24.3), THEMIS (6022.33), GATA3 (10p14) and SCAPER (15qg24.3) genes. Further analysis of
total serum IgE levels suggested 139g21.31 may be primarily an IgE locus, and analyses of
published data demonstrated SNPs at the 15q24.3 region are expression quantitative trait loci
(eQTL) for two nearby genes, 1S.2 and PSTPIPL, in immune cells.

Conclusion—Our GWAS of recalcitrant AD identified new susceptibility regions containing
genes involved in epithelial cell function and immune dysregulation, two key features of AD, and
potentially extend our understanding of their role in pathogenesis.
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Introduction

Atopic dermatitis (AD) is a complex chronic inflammatory skin disease that commonly
presents during childhood, when it is strongly associated with allergic sensitization.!
Although AD has a varied disease course, children with moderate to severe AD with allergic
sensitization are more likely to have disease persisting to adulthood and more concomitant
allergic diseases, such as asthma or allergic rhinitis, which result in significant healthcare
costs.2 Available treatment options for prevention and treatment of this subtype of
recalcitrant AD are still insufficient, reflecting our poor understanding of disease
pathogenesis.

AD is highly heritable, with heritability estimates of 72% in European twin pairs*® and
genetic studies supporting a significant role for aberrant gene expression in AD.6 In
particular, low frequency and rare loss-of-function variants in the filaggrin (FLG) gene are
major predisposing factors for persistent AD, as well as for skin infections with AD and
multiple allergic diseases.”~® Filaggrin deficiency results in skin barrier dysfunction
resulting in accelerated water loss, skin alkalinization and colonization by microbial
pathogens.10 Based on these findings, epithelial barrier dysfunction (filaggrin, in particular)
has been placed in the center of AD pathogenesis.

Three large genome-wide association studies (GWAS),11-13 a meta-analysis of GWAS from
16 population-based European cohorts4 and targeted studies using the immunochip®® have
identified several candidate AD genes in addition to FLG. However, none reached genome-
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wide significance in the discovery samples and, moreover, there were no shared loci among
the top associations in studies of European and Han Chinese AD populations.11:12 These
combined results suggest genetic heterogeneity in AD between continental populations,
particularly when broad case definitions are used. AD is characterized by genetic and
phenotypic heterogeneity, and this is consistent with the finding susceptibility loci
discovered to date, including FLG, account for only 14.4% of the heritability of AD in
Europeans,!® and suggest studies in additional populations and narrower clinical definitions
are needed to fully characterize the genetic architecture of AD.

Here, we conducted the first GWAS of AD in Korean children, and focus on the distinct
phenotype of recalcitrant AD, defined as moderate to severe AD with allergic sensitization.
Moreover, we included as controls non-allergic adults without history of allergic diseases.
We identified a novel region of chromosome 13g21.31 as likely to contain genes controlling
risk to AD which was genome-wide significant and additional loci including the NBAS
THEMIS GATA3 and SCAPER genes as suggested genes for AD.

Sample compositions

Our study included 246 Korean children with both moderate to severe AD and allergic
sensitization and 551 Korean adult controls without history of allergic diseases or evidence
of allergic sensitization. In addition, because IgE levels vary with age, we performed
association studies of selected single nucleotide polymorphisms (SNPs) with total serum IgE
in the 246 case children and 108 healthy Korean children without allergic diseases or
evidence of allergic sensitization where measured levels of total serum IgE as controls were
available (Table S1). Children cases and controls were recruited from Severance children’s
hospital, Seoul, Korea, and adult controls were from the Ansung population-based cohort (N
=5,108), which was established as part of the KoGES by Korea Center for Diseases Control
and Prevention.16

Clinical evaluations

AD was diagnosed by pediatric allergists, based on the revised Hanifin and Rajka criteria.l’
We first determined the severity using the Severity SCOring Atopic Dermatitis (SCORAD)
index!8 of 572 children, and then recruited 275 children cases with moderate to severe AD
(SCORAD = 30; mean + SD, 59.9 + 14.4) for our studies. Allergic sensitization was defined
by specific IgE greater than 0.7 KUA/I to at least one of the following food or airborne
allergens: egg white, milk, peanut, soybean, wheat, Dermatophagoides pteronyssinus (Der
p), Dermatophagoides farina (Der f), Alternatia or Blattella germanica. Of the 275 children
with moderate to severe AD, 246 had specific IgE to at least one of the allergens. We
selected 551 adult controls with a negative history of both allergic diseases and allergic
sensitization among 1,214 adults. Negative histories of allergic diseases, including asthma
and AD, were based on a self-administered questionnaire; lack of sensitization was based on
a negative skin prick test result to 12 common allergens (Der p, Der f, 2 tree pollen
mixtures, grass pollen mixture, ragweed, mugwort, cockroach, Alternaria, Aspergillus, cat
dander and dog dander). Additionally, 108 control children were recruited during routine
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hospital visits and were included in our study if they had a negative history of allergic
diseases based on interviews with their parents, were negative for serum specific IgE to 6
common allergens (egg white, milk, Der p, Der f, Alternatia or Blattella germanica) and had
total serum IgE levels below 100 kU/I. All cases and controls were unrelated and either they
or their parents provided written informed consent for themselves to participate in the study
according to the Hospital’s Institutional Review Board.

Genotyping, imputation and quality control in the GWAS

Blood samples were collected from each participant and the derived genomic DNA was
genotyped using the Affymetrix Axiom array in the AD and control children and the
Affymetrix 5.0 chip (Affymetrix, Santa Clara, Calif) in the adult controls (Table S1). We
excluded samples with call rates for autosomal SNPs less than 95%, and excluded SNPs
with minor allele frequencies less than 5% or Hardy-Weinberg P values less than 1074,
Quality control was performed using PLINK 1.07.19 After quality control exclusions,
402,919 SNPs remained in the children and 287,622 SNPs in the adults. The common sets of
SNPs were then used for imputation using minimac29 and the 1000 Genomes Asian
reference panel.2! The resulting genotype data for 14,598,181 SNPs were subjected to
further quality control checks and selected for high imputation accuracy (r2 > 0.9) and minor
allele frequency > 5%. As a final quality filter, SNPs were excluded if their allele
frequencies differed (P = 0.001) between the adult and children control samples. In the end,
2,501,352 autosomal SNPs were used for the GWAS analysis.

Association of most significant SNPs with total serum IgE levels

We tested 20 of the 53 SNPs with P < 107 in the GWAS of AD after pruning for LD (r2 >
0.8 in the Asian 1000 genomes data) for association with total serum IgE in 108 control
children (Table S1). These studies were performed in non-allergic control children to
determine if these variants were also associated with IgE independent of AD (Fig. S2).

Replication studies

To examine the association of SNPs with P value < 1078 in our GWAS, we obtained P-
values of those SNPs from a GWAS of AD in Japanese individuals (Table S1). That study
included 1,472 cases with physician-diagnosed AD, and 7,966 controls including 6,042
subjects with one of five non-AD diseases (cerebral aneurysm, esophageal cancer,
endometrial cancer, chronic obstructive pulmonary disease and glaucoma) and 1,929 healthy
volunteers without history of asthma or AD.13

Gene expression and eQTL analysis

To determine whether the SNPs associated with AD in our GWAS were expression
quantitative trait loci (eQTLs), we used the eQTL browser (GTEX, http://
www.gtexportal.org/)?2 and published reports from eQTL studies of different cell types,
including skin,12:23-25 B-cells and monocytes,26:27 and of CD14* monocytes stimulated
with interferon-y or lipopolysaccharide (LPS).28
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Statistical Analysis

Results

We performed logistic regression analysis for binary phenotypes (AD) and linear regression
analysis for continuous phenotypes (total serum IgE) using R software an additive model.
The statistical significance of the association with each SNP was assessed using a 1-degree-
of-freedom Cochran-Armitage trend test. Regional association plots were generated using
LocusZoom.29

The GWAS of AD in 246 Korean children with moderate to severe AD and allergic
sensitization and 551 Korean adults with a negative history of allergic diseases and no
allergic sensitization showed an excess of small p-values compared to those expected by
chance (Fig. 1a). One SNP (rs9540294) at 13g21.31 passed genome-wide threshold of
significance (Bonferroni corrected P < 2.0 x 1078); 13 additional SNPs at this region
including PCDH20-PCDH9 were associated with moderate to severe AD with allergic
sensitization at P< 1 x 1076 (Fig. 1b, Fig. S1a). A total of 39 SNPs in four additional regions
were also associated at P< 1 x 1075: the NBAS gene at 2p24.3 (Fig. S1b), the THEMISgene
at 6022.33 (Fig. S1c), the GATA3- CELF2 locus at 10p14 (Fig. S1d), and the SCAPER gene
at 15924.3 (Fig. 2). The most significant SNP at each locus is shown in Table 1; the results
for SNPs at these six loci are shown in Table S2.

Because all the cases had both AD and allergic sensitization and the adult controls had
neither, we utilized a second control group of non-allergic children with measured levels of
total serum IgE to disentangle associations primarily with AD from those that are primarily
with IgE levels (i.e., allergic sensitization). SNPs at the 13g21.31 locus showed suggestive
evidence for association with serum total IgE in 108 control children (P < 0.05, Table 2).
Thus, it is likely the association with AD at this region may be due to the significantly
higher levels of IgE in the AD cases compared to non-allergic controls, and that the primary
effects of this locus are on IgE production and not risk of AD per se.

To attempt replication of the SNPs identified in our GWAS of moderate to severe AD with
allergic sensitization, we examined the results of the 53 SNPs yielding P < 1075 in our study
to a published GWAS in another Asian study comprised of Japanese adults, in which AD
was diagnosed by physicians irrespective of severity or allergic sensitization population.13
None of the associations in the Korean children in our study replicated in the study of
Japanese adults (Table S2).

We next examined in our study subjects SNPs loci associated with AD or IgE in previous
GWAS. We detected modest associations (P < 0.05) with SNPs associated with AD at the
IL2-1L21, RAD50-IL13, TMEM232-S.C25A46, KIF3A and ZNF365 loci, and with total
serum IgE at the PTBP2, PEX14, IL2-ADAD1, PTGER4, TSLP, S.C25A46, RADS0,
PCDH20, FOXA1-TTC6 and IL4R-IL21R loci (Table 3). Among these associations, four
regions (4927, 5913, 5922.1 and 5q31) have been previously reported in GWAS of both AD
and IgE phenotypes. In addition, a SNP nearby PCDHZ20 gene at the 13921.31 region was
previously associated with IgE in a Japanese population,30 further suggesting 13q21.31
region might contain a gene controlling IgE levels.
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Finally, we asked whether the 53 SNPs associated with AD at P < 1078 in our study, or
SNPs in strong LD with these SNPs (r2=0.8), were also associated with the expression of
nearby (+ 1 Mb) genes (i.e., are cis-eQTLs) in relevant tissues.122-28 Five SNPs in strong
LD at the 15g24.3 locus were cis-eQTLs for PSTPIP1 in primary CD14+ monocytes after
LPS exposure (P = 1.8 x 1073, Fig. 2),28 and were also cis-eQTLs for IS_2 in whole blood
(P <3.1x 1078 GTEXx). SNPs at the other four AD-associated loci in our study were not
reported as eQTLs in any published studies in skin or blood cells.

Discussion

AD is a heterogeneous disease® with respect to the presence of allergic sensitization, levels
of total serum IgE, predilection to skin lesions, and prognosis, which differ both between
children and adults and among children and adults separately.? It is likely that the genetic
architecture also differs between phenotypic subtypes of AD. Yet, this heterogeneity was not
considered in previous GWAS that included cases with physician-diagnosed AD without
regard to severity or sensitization, and relied on population controls who were not screened
for AD or allergic sensitization.11-13 We hypothesized that focusing on more severe AD in
sensitized children would identify additional genes and pathways. To this end, we focused
on an extreme phenotype by including only children with moderate to severe AD and
allergic sensitization, and considered as controls adults without a current or prior history of
allergic disease and lack of allergic sensitization. The stringent criteria resulted in a smaller
sample than in previous GWAS of AD,11-14 yet we identified a new AD locus at genome-
wide levels of significance on chromosome 13g and a second locus at 15g24.3 included
SNPs that are eQTLs for two nearby genes in relevant cell types. Although associations with
variants in the FLG gene have robust associations with AD, the low frequency and rare
pathogenic mutations in FLG were not imputed in our study so we could not directly assess
the effects of those variants or their interactions with genotypes at other associated loci AD
in our study.

The most significant association in our GWAS was with SNPs on 13921.31 (smallest P =
1.01 x 1078). In previous studies, SNPs in this region were associated with asthma,3!
rheumatoid arthritis,32 and total serum IgE.30 In fact, some of the most significant SNPs (P
< 107%) were also associated with serum total IgE in non-allergic controls (Table 2). The
associated SNPs reside in a gene desert including six long intergenic non-protein coding
(linc) RNAs and predicted regulatory elements (DNasel hypersensitivity sites) in skin tissue
from patients with malignant melamona or lymphoblast.33 The closest protein coding genes,
PCDHO9, is approximately 1.3 Mb and encodes a member of the nonclustered protocadherin
family, a subgroup of the cadherin superfamily of cell adhesion proteins.34 Another member
of the protocadherin family of genes, PCDH1, has been implicated in susceptibility to both
AD?:36 and asthma.32:37:38 Nonetheless, our results extend earlier findings by potentially
implicating other genes in the protocadherin family in AD pathogenesis.

We also observed associations with AD at suggestive levels of significance at four
additional loci at 2p24.3, 6022.33, 10p14 and 15g24.3. The NBASgene at 2p24.3 encodes
neuroblastoma amplified sequence (NBAS) whose expression has been associated with poor
outcome in patients with neuroblastoma.39 NBAS protein is expressed in epidermal skin
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cell, although it has not previously been implicated in chronic skin inflammatory diseases.*0
In contrast, genes at the 6g22.33, 10p14 and 15g24.3 locus are involved in immune
dysregulation, which is a key pathogenic pathway in AD. The 6922.33 and 10p14 loci
include genes involved in adaptive immune responses, particularly in T cell differentiation.
SNPs at the 6022.33 locus were associated with autoimmune diseases such as Crohn’s
disease*! and multiple sclerosis.*2 The THEMIS (thymus-expressed molecule involved in
selection) gene at this locus encodes a molecule that “fine-tunes” positive and negative T-
cell selection in the thymus,*3 and its mutation has been reported to yield impaired function
of regulatory T cells and skewed cytokine profile toward Th2 phenotypes in inflammatory
bowel disease animal model.** The associated locus at 10p14 resides between GATA3 and
CELF2. SNPs at this locus were previously associated with rheumatoid arthritis,*® self-
reported allergy,*® or asthma.*’ GATA3 is the closest protein coding gene (approximately
900 Kb), which an important regulator of T cell development and promotes the secretion of
IL-4, IL-5 and 1L-13 from Th2 cells, which lead to allergic sensitization.*8 This locus also
includes predicted DNasel hypersensitivity sites for GATA3 in various tissues or cell types
including skin or Th2 cell.33 Of potential relevance is that allergen-specific GATA3
expression precedes clinical allergic sensitization,*® which might suggest GATA3 plays a
role at the beginning of allergic inflammation. Moreover, our GWAS replicated the previous
reported association with SNPs at the Th2 cytokine (RAD50-1L13-1L4) locus on 5¢g31.1
(Table 3). Taken together, we suggest these Th2 related loci represent excellent candidate
regions for the inflammatory network of AD.

Finally, the associated SNPs at 15¢q24.3 are located within the SCAPER gene, which
regulates cell cycle progression.®® Some of these SNPs are also cis-eQTLs for PSTPIP1 in
CD14+ monocytes after treatment with LPS and for the 1SL2 gene in whole blood.28
Because the latter results are from studies of mixed cells, we do not know if the eQTL is
present in all leukocytes or just in a subset. Mutations in PSTPIP1 gene cause PAPA
syndrome (Pyogenic Arthritis, Pyodermagangrenosum, and Acne), which is an autosomal
dominant auto-inflammatory disease.>! In PAPA, PSTPIP1 induces the activation of the
inflammasome involved in interleukin-1 production resulting in aberrant innate immune
responses in the skin and joints.>1 A primary feature of AD is skin inflammation, making
this gene on 15g24.3 a logical functional candidate for moderate to severe AD in children.

To our knowledge, this is the first GWAS of AD in Koreans and the first GWAS of AD
using extreme phenotypes in cases and unaffected individuals as controls. As a result, there
are no available replication samples with the same phenotype or ethnicity as that used in our
study. The lack of replication of our most significant SNPs may be due to different case
definitions, differences between childhood and adult AD, different ancestries or some
combination of these factors. Regardless, this GWAS in Korean children with moderate to
severe AD and allergic sensitization identified new AD candidate genes related to epithelial
cell function and immune dysregulation, two key features of AD. Further studies of these
genes are required to both replicate the association with the distinct phenotype of recalcitrant
AD and to better understand their role in pathogenesis.
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Figure 1.

(a) Quantile-quantile plot of P values for the test statistics (Cochran-Armitage trend tests) in
the GWAS. Horizontal and vertical axes show expected P values under a null distribution
and observed P values, respectively. Black data points correspond to the P values of all
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SNPs in the GWAS. (b) Manhattan plot showing the —log1g P values of 2,501,352 SNPs in
the GWAS for 246 Korean children with recalcitrant atopic dermatitis and 551 Korean adult
controls without a history of allergic diseases and allergic sensitization plotted against their
respective positions on the autosomes. The red line shows the genome-wide significance
threshold (P = 2.0 x 1078). The gray line shows the threshold at P = 1 x 1076, Locations of
the NBAS (2p24.3), THEMIS (6022.33), GATA3 (10p14), PCDH9 (13921.31), SCAPER
(15g24.3) loci are indicated.
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Regional association plots at the 15q24.3 locus for recalcitrant atopic dermatitis. Significant
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SNPs are located within the SCAPER gene and include cis-eQTLs for the ISL2 gene in
whole blood and for PSTPIP1 in CD14+ monocytes after treatment with LPS for 24 hours.

The —logyg P value (left y axis) of each SNP is shown according to its chromosomal position

(x axis). Genetic recombination rates are shown by the blue line, and horizontal arrows
indicate the locations of genes and direction of transcription. The most associated SNP
(labeled by rs number) is shown as a purple circle, and its LD (r2) with all other SNPs is

indicated by color.

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 September 01.

(qNV/INR) B1el UoeUIqWoSY



Page 16

Kim et al.

Aw|3 x 0'Z > d) 90UrdIIUBIS BPIM-3WIOUBB Pa10a1I09-1U0LIBJUOY 104 PJOYSRIY) BU) PaPaBIXa anjeA d
M

“U0ITB0] D1WOURB AQ PaISPIO pUE UMOYS BJe SNJ0| YIea 18 SINS JUedIIubIs 1sow ay |

“[eAJS)UI 30USPIIUOD ‘|2 ‘OlTRl SPPO ‘YO ‘Aousnbaly aja|fe %su ‘4w

(v8'Z-¥65'T) 9212 L0-320°€ LET0 6€2°0 A7) 998v0TLL  €FT660€S!  €'ZbsT Y3dvos
(11re-v06T) SS9z ,80-FT07 €800 1810 19 TE0V9SS9  ¥620YS6S!  TETZbel 6HAOd
(v6v'2—625'T) 9v6'T  80-319'6 0850 LT10 v GT8EZ06  69299.Ges!  vTdoT EVLVO
(766'2-0T9'T) €61  L0-328'9 €170 5020 10 6€807082T  TESGL981  €€'zehbg SINIHL
(98€v—686'T) Lv6'Z  80-3.0°8 500 TET0 9/0 7GLZ8YST  6LTEOVETS!  €'vede Svan

1D %56 do anfend  (jonuod) 4vy  (eseD) v (Wepisi) seplly  uomisod dNS uoires0  sauab Aguesu 4o saus

Author Manuscript

USJp|IYD UBaIOM Ul o_0T > d T8 Shijewsap a1doe Jo SO Jo Arewwns

T alqel

Author Manuscript

Author Manuscript

Author Manuscript

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 September 01.



Page 17

Kim et al.

Author Manuscript

(02/50°0 'g_0TxS'Z > d) 8oueoyiubis
P8198.1100-1U0LIBJUOG 10} PIOYSAIL 8} PAPasOXa aNfeA d ON 'SHNSaI SYMO Ul g_0T > d LUHM SINS €5 8y} Wouj sadAjouab awouanEOT uelsy Buisn (80 AN: Buiunid @ J814e pa1ds|as a1am SANS

"U011BD0| d1WoUsh AQ paIsplo ale SdNS

‘|eAJBIUI BDUBPILUOD ‘1D ‘0Nl SPPO ‘YO

(£€6'T-962°0) 0TZT €270 oN ¥2SGTTLL  8ETBBOES

(6€6'T-952°0) TIZT €270 v/9 T622TTLL  BETBB0ES

(6€6'T-952°0) TIZT €270 o ZTOTTTLL  OYT660ES!

(2z6'T-Tr2°0) €6TT  ¥9¥0 v/0 9S8v0TL.  €YT660ES!  €'ebgT Yadvos
(€G6'T-€52°0) €TTT  vev0 oN 8/0980/.  LTLYTTTSI

(566'T-052°0) TIZT 6270 12 LTS9/0LL  6ES9OVTTTS!

(€96'T-262°0) STZT  22¥0 /L 19EVT0LL  9SYSPSTHTS!

(0TS¥-GTE'T) SeEv'e G000 /L 6TEL9GS9  8620VS6S]

(8v6'T-0T8'0) 952'T  SOE0 oN €62v9559  G9882G6S!

(86V'7—€TE'T) TEFZ G000 1/9 TEOV9SS9  ¥620VS6Sd TeTebeT oHA0d
(S0s+vT€T) €e¥  S000 /L 12€1GG59  0€T./86.S!

(265°T-062°0) 00T'T 6950 v GT8EZ06  69299/GES y1dot VLV
(8S7'T-T.¥°0) 8280  0TIS0 1/0 6€80Y082T  TESG/9S! €€'zzby SINIHL
(zzv'1-6€0) 0€L°0  TSE0 /L GTGO8YST  62TE99YTTS!

(revr'1-61€0) TEL0  ¥SE0 N TGEGBYST  /G86GLLYTS!

(r2v'1-G€0) TELO0  ¥SE0 9/0 2G1287ST  6LTEOVETSI

(r2y'1-6€0) TELO0  ¥SE0 v/9 T1928VST  8828Zvelsl  €'vedz Svan
(zzy'1-v.€0) 62L0  0SE0 /L 2GLT8YST  6TG2989TS!

(ezv'1-2.€0) 62L0  TSE0 /L 99€T8YST  86T06.G.S

(Tzy'1-T2€0) 92.°0  9Y€0 oN LYTTI8YST  8V686EETSI

1D %56 HO enjead  (episu) ssjplv uoIsod dNS uonedo  sauab Agueau 10 SaUdD)

$]0J1U0D UBIP[IYD eI Ul 36| Wniss [L101 YUM SdNS Pale1oosse-ay Juesljiubis 1sow 1oy snsal Jo Arewwing

Author Manuscript

¢ ?olgel

Author Manuscript

Author Manuscript

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 September 01.



Page 18

Kim et al.

9¢0°0 - LSEL0TCS) oyVA SPUIH ueadoing L0-30€°€  /SELOTCS! i<l Als Al 1°21d9T
00 T €98T.968! oy VQ SPUIH ueadoing  80-308'v  6SEBEETS! 9D11L-T¥XOd T'TZhyT
€€0°0 - GTE66ETSI oA 1eferen asaueder L0-30v'9  GTE6GETSI 0ZHAod 1€ TeheT
€€0°0 - 0LVLELLSI 9gS JaBuIp1am ueadoin3 L0-3G€'€  0LvLELLS] 0savd 1'1Ebg
0€0°0 - ¥0,0¥0¢s! 95S JaBuIptam ueadoin3 80-39v'¥  ¥0.0¥0cs! 0savd T7'1EbS
1200 - GETB6.LESI o5S JaBuIpIam ueadoung 80-3699  GET86LESI 0savd T'TEbS
9200 - L¥€90L¢s4 05S JaBuIpIaM ueadoing L0-382'9  L¥€90Lcs] osavd 1'1Ebg
T00°0 T €T26GerSI oM dPABUUOg ueadoin3 ¥1-30¢°'S  0¥E€9S00TSI MVGZOB 1'2ebg adAjousyd 36)
9000 - T,9868Ts4 poV Alleseurey ueadoin3 €0-3006  T/9868TS/ d51 1'2ebs
9700 - 8€80z..8! oyVA SPUIH ueadoing  T1-30¢'8  8EL0TLLSS #4391d T'eTdg
€700 - 89G88ELTS! oyVA SPUIH ueadoing 80-306'€  89988ELTSI Tavav Leby
8€0°0 - Y8SYSrLTSI  geM PIAIBuUOg ueadoin3 0T-30S9°S  ¥8S¥Sy.LTSI Tavav-cil Leby
[4400] - ¢L1690¢s) poV Alleseurey ueadoin3 90-30T'T  ¢//690¢s! il Lzby
6200 - L11950¢s4 oyVA SPUIH uesdoing L0-30L°€  LT¥9S0¢s! YTX3d ze9edt
€000 - 88G1¢Es) sV UINST INXIWpY  90-350°C 88GTCES! ¢dald €Tedt
€€0°0 - €06E6ECSI 1@ uns 83Uy L0-3G0'T  €06E6€ECS] G9€4NZ 2'Tebot
¢c00 ¢6°0 8€€90.L¢s4 26S JabuIptam ueadoin3 T1-306'S  L/18GT¢sd €1711-05avyd T1'1Ebg
8¢0'0 - 9€GT.89s4 26S JaBuIptap ueadoing ST-ATTC  9€ST/898M 0savd T'TEbg
6200 - E7rL6828)  gStebUplB  uesdon3  €1-356'8  E77.6825) 0Savy T'TEbS
2000 - Chy168¢S) 7 1 191S0UIBIed ueadoin3 80-308'¢  Cv¥.68¢S) VedIM 1€bG
siyewdap odory
9v0°0 - LZ609€EETSI aduns assuIyo L0-308'C  LZ609EETSI  OPVSCOTS-CECNIINL T'zebs
G200 €980 €ECBE00TS! z1duns asauIyD 10-360°C  Z8ETIEETS!  9PVSZOIS-CECINIINL 1'2ehs
6€0°0 980 ¥G/.G€00TS! 1@ uns 8saulyD 80-3¢€9  1///900TS)  9PVSCOTS-CECININL T°2zbs
G200 €980 €€¢8E00TS! 1@ uns 83Uy 80-3EEY  068T0LLSI  9PVSGCOTS-CECININL 1'22bg
8€0°0 T Y8SYSrLTSI  grQ sneybuna ueadoin3 90-39T'T  ¥¥968ELTSI rAalvall Leby
anjend  zi depydeH dNS ERJVESETEN| uonejndod  anfend dNS
EIVELS) uoneIn] adAjousyd
Apms uauin) 140daJ snoinald

190] pariodal Ajsnoinaid ayl 10) UaIp|IYd uralod ayl ul adAlousyd 361 10 snirewlsp 21dole Yiim suoljeldosse Jo adUuapIng

Author Manuscript

Author Manuscript

€9l|qel

Author Manuscript

Author Manuscript

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 September 01.



Page 19

Kim et al.

"UMOUS e Amc dey\deH asaueder ul T 4o Junowre ay) pue dNS pauodal syl 01 @1 1s8buoils ayy YIM dNS arebouins e ‘eyep ano ul paindwi Jou sem dNS paniodal ay 4|

'uoiyeao] d1wouab pue adAjousyd Ag palaplo pue G0'0 > anfeA d YIIM UMOYS ale SdNS

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 September 01.



