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Background: Atopic march (AM) is the progression from
atopic dermatitis (AD) to allergic rhinitis and asthma. The de-
velopment of AD is as high as 20% in children worldwide
and continues to increase. AD seems to be caused by both ge-
netic and environmental factors. Recently, polymorphisms
of the thymic stromal lymphopoietin (TSLP) gene associated
with allergic disorders were reported in ethnic groups from
various countries. Objective: Identification of TSLP poly-
morphisms in Koreans with AD or AM. Methods: Whole-
exome sequencing was performed in 20 AD and 20 AM
patients. Results: Nine single nucleotide polymorphisms
(SNPs) of TSLP were detected (rs191607411, rs3806933,
152289276, 152289277, rs2289278, rs139817258, rs11466749,
rs11466750, rs10073816). These SNPs have been corre-
lated with susceptibility to allergic diseases in ethnic groups
from China, Japan, Turkey, and Costa Rica in previous
studies. Remarkably, one of 20 patients in the AD group
lacked all SNPs, compared to six of 20 patients in the AM
group. Odds ratios showed that Korean patients without the
nine TSLP variants had an 8.14 times higher risk of moving
from AD to AM. Two haplotype blocks were validated in 60
AD and 59 AM patients using Sanger sequencing. The hap-
lotype blocks (rs3806933 and rs2289276) and (rs11466749
and rs11466750) were in high linkage disequilibrium, re-
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spectively (D’=0.97, D’=1). Conclusion: The increase of
major allele frequency of respective nine TSLP variants may
enhance the risk of AM. These data will contribute to im-
proved genetic surveillance system in the early diagnosis
technology of allergic disease. (Ann Dermatol 30(5) 529 ~
535, 2018)
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INTRODUCTION

Atopic march (AM) is the progression from atopic dermati-
tis (AD) to allergic rhinitis and asthma. The development
of AD is as high as 20% of children worldwide and con-
tinues to increase'. AD seems to be caused by both genet-
ic and environmental factors, and is correlated with a fam-
ily history of allergic disease’. AD, asthma, and allergic
rhinitis share an immune response that includes T helper
type 2 (Th2) cell-mediated cellular components and serum
immunoglobulin (Ig)E levels associated with allergic in-
flammation®. Whole exome sequencing (WES) has re-
cently been used to successfully identify causal variants by
filtering big data in cancer and Mendelian and rare dis-
orders®. Common and complex diseases often have strong
heritable components, and the identification of genetic
variants in complex disorders is crucial to understanding
their evolutionary background™®.

Thymic stromal lymphopoietin (TSLP) is an important
prime protein which is involved in the development of al-
lergic asthma and rhinitis. The expression of TSLP mRNA
is higher in human bronchial epithelial cells and primary
skin keratinocytes compared with control subjects. The
differentiation of naive T cells into Th2 cells is promoted
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by TSLP, which also supports the maturation of anti-
gen-presenting cells. These factors are thought to be
pathogenic in allergic diseases. Overexpression of trans-
genic murine TSLP in keratinocytes developed a sponta-
neous AD-like phenotype’. The removal of TSLP signaling
reduced the expression of cytokines (interleukin [IL]-4,
IL-13) produced by Th2 lymphocytes, and serum IgE level
in the allergic asthma responses®. Emerging data now sug-
gest that epithelial cell-derived cytokines such as TSLP,
IL-13, and IL-25 may drive the progression from atopic
dermatitis to asthma and food allergy’. Consequentially,
TSLP gene plays an important risk factor for the induction
of allergic disease and progression of the allergic
march®'%"". Polymorphisms of TSLP associated with aller-
gic disorders have been reported in ethnic groups of vari-
ous countries. A recent study demonstrated that genetic
variations of TSLP can affect TSLP biological functions'”.
However, the distribution of TSLP polymorphisms in
Koreans with AD or progressing in AM is not known. In
this study, we observed polymorphisms of TSLP in Koreans
with AD or AM using WES.

MATERIALS AND METHODS
Patients

This study included a control group of 20 subjects with
only AD and AM patients for exome sequencing. AD pa-
tients who were adults with an onset age older than 18
years were recruited. Because these adult-onset patients
did not have long-term follow-up since childhood, the
presence of early-onset of AD relied on their family and
patients’ memory. The development of AD in adulthood
significantly reduces the probability of the occurrence of
asthma and allergic rhinitis compared to early-onset AD in
infancy'”. To validate candidate haplotype blocks between
AM and AD in Koreans, we performed Sanger sequencing
in 60 AD and 59 AM patients. Clinical information was
displayed in Supplementary Table 1. This study was re-
viewed and approved by the Chung-Ang University
Hospital Institutional Review Board, IRB no. C2015258
(1716). Informed consent was submitted by all subjects
when they were enrolled. All groups were diagnosed with
AD and AM by a dermatologist.

Whole-exome sequencing

Isolation of human genomic DNA from the peripheral
blood was performed using a QlAamp DNA Mini Kit
(Qiagen Inc, Valencia, CA, USA). The DNA quality and
quantity were assessed with a Nanodrop spectrometer
(Nanodrop Technologies, Wilmington, DE, USA) and a
Qubit fluorometer (Life Technologies, Grand Island, NY,
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USA). WES was carried out using SureSelect Human All
Exon V4+UTR 71 Mb (Agilent, Santa Clara, CA, USA),
following the manufacturer’s standard protocol. Genomic
DNA was sheared using the g-TUBE™ (Covaris, Woburn,
MA, USA). A paired-end DNA sequencing library was pre-
pared through shearing, end-repair, A-tailing, peak de-
tection, PE adaptor ligation, and amplification. After the li-
brary was hybridized with bait sequences for 24 hours, it
was purified and amplified with an index barcode tag, and
the library quality and quantity were determined. The
exome library was sequenced with the 100-bp paired-end
mode of the HiSeq SBS kit.

Sanger sequencing

Polymerase chain reaction (PCR) amplification of two sin-
gle nucleotide polymorphisms (SNPs) was performed at
95C for 10 minutes, followed by 35 cycles at 95°C for 30
seconds, 55°C~ 58°C for 30 seconds and 72°C for 40 sec-
onds, with a final extension at 72°C for 1 minute 30
seconds. The PCR reaction mixtures (total volume 50 1)
contained 25 | of 2X EF-Taq premix (SolGent, Seoul,
Korea), 18 1| of distilled water, 2.5 11 of oligonucleotide
primer (10 pmol/ 1), and 2 11 of template containing 20
ng genomic DNA. The PCR products were purified using
a PCR purification kit (Favorgen, Pingtung, Taiwan) and
were sequenced on an Applied Biosystems 3500 DNA se-
quencer (Foster City, CA, USA) according to the manu-
facturer’s instructions.

Statistical analysis

Using logistic regression analysis, crude odds ratios (ORs),
and 95% confidence intervals (Cls), associations between
AM and AD with the SNPs under investigation were
calculated. Pairwise Linkage disequilibrium was calcu-
lated as D’/LOD and r°, and Hardy-Weinberg Equilibrium
and case-control association test were examined using
Haploview software version 4.2 (http://www.broad.mit.
edu/mpg/haploview/)'*.

RESULTS

This study included a control group of 20 subjects with
only AD (27.1 +8.6 years old) and AM patients (24.9+6.0
years old) for exome sequencing. The clinical phenotype
of the 20 recruited AM patients included 19 with AD and
allergic rhinitis and one with AD and asthma. The AD
control and AM groups did not differ significantly in age
or blood eosinophil count. Serum total IgE levels were
two times higher in the AM group than in AD controls
(Supplementary Table 2).

We detected a total of nine SNPs of TSLP in the Korean
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subjects. These SNPs did not deviate from Hardy-
Weinberg equilibrium (p>0.05; Table 1). Four (rs139817258,
rs11466749, rs11466750 and rs10073816) of the nine
SNPs were found in exond4 (3' UTR): c.*556G>A,
c.*813A>G, ¢.*1122G>A and c.*1717G > A. Another
two SNPs (rs2289277 and rs2289278) were in intron2:
€.217-142C>G and ¢.217-61C>G. The other two SNPs
(rs3806933 and rs2289276) were in the promoter:
c.-847C>T and c.-82C>T. The last one (rs191607411)
was an upstream variant: c.-1453C>T. rs191607411 and
rs139817258 were identified as rare variants, with global
minor allele frequencies (MAFs) of 0.0012 and 0.0040, re-
spectively, although the Korean MAFs were higher. The
other seven variants were common with Global and
Korean MAFs greater than 5%. Patients with genotypes of
a heterozygote and homozygote minor allele were count-
ed in the AD and AM groups (Table 1).

Seven of our patients had none of the nine TSLP SNPs de-
tected by WES: The seven comprised six of the 20 in the
AM group and one of the 20 in the AD group. The allele
and genotype frequencies of the nine SNPs were assessed
between the AD (controls) and AM (cases) groups
(Supplementary Table 3). Variant risk factors for AM were
estimated with ORs and 95% Cls. Individually, none of
the nine SNPs was significantly associated with AD or
AM. However, the absence of all nine SNPs was asso-
ciated with a trend towards an enhanced risk of AM com-
pared to AD with an OR of 8.14 (95% ClI 0.8784~
75.4825, p=0.0649) (Table 2).

Three SNP pairs (rs3806933, rs2289276 and rs2289277)
were in high linkage disequilibrium (LD, D’=1), as were
another three SNP pairs (rs11466749, rs11466750 and
rs10073816). Two haplotype blocks were created based
on these triads. A strong LD score (D'=0.94) was identi-
fied between the two haplotype blocks (Supplementary

Fig. 1A). The r* value is presented in (Supplementary Fig. 1B).
To assess the influence of the two blocks between AM and
AD, a case-control association test was conducted with a
chi-square test. There was a trend towards a difference
with the TCG haplotype of block 1 (rs3806933, rs2289276
and rs2289277), (0=0.0769; Supplementary Table 4).

We next performed the validation of haplotype block 1
(rs3806933, 152289276 and rs2289277) and haplotype
block 2 (rs11466749, rs11466750 and rs10073816) in 60
AD and 59 AM Korean populations (Supplementary Table
1). The blocks were separated, and two SNP pairs
(rs3806933 and rs2289276) and (rs11466749 and rs11466750)
were in high linkage disequilibrium (LD), respectively
(D'=0.97, D’=1) (Fig. 1). These haplotype blocks were
assessed the frequency of each haplotype in AD and AM
patients (Table 3). There was no association of the block 1
(rs3806933 and rs2289276) and the block 2 (rs11466749
and rs11466750) haplotypes between the AD and AM
groups.

DISCUSSION

Some of nine detected SNPs have been correlated with
susceptibility to allergic diseases in other studies.
rs3806933, which is located in the promoter region, is a
functional variant that enhances transcription factor acti-
vating protein (AP)-1 binding by creating a binding site'”.
It is significantly associated with susceptibility to Korean
allergic rhinitis and Japanese and Turkish asthma'>"’. The
high risk of Japanese asthma with an OR of 1.25 (95% Cl
1.07~1.47, p=0.0063) was confirmed by the increase of
a minor allele (T) frequency at rs3806933 in asthma pa-
tients compared to control group, whereas the low risk of
Turkish asthma with an OR of 0.53 (95% CI 0.32~0.89,
p=0.016) was observed with the increase of a major al-

Table 2. Prevalence of risk factor and the allele frequencies in Atopic march (case) and atopic dermatitis (control), odds ratios and

95% confidence intervals

Risk factor Odds ratio 95% confidence interval p-value
No TSLP variant 8.1429 0.8784~75.4825 0.0649
rs191607411 (C>T) 3.0759 0.1216~77.8008 0.4954
rs3806933 (C>T) 1.1143 0.4476~2.7741 0.8161
1s2289276 (C>T) 0.5592 0.1916~1.6319 0.2875
1s2289277 (C>Q) 1.1183 0.4424~2.8269 0.8131
r1s2289278 (C>Q) 0.3243 0.0793~1.3268 0.1172
rs139817258 (G>A) 2.0526 0.1786~23.5905 0.5638
1511466749 (A>QG) 1.7619 0.3915~7.9291 0.4605
rs11466750 (G>A) 1.7619 0.3915~7.9291 0.4605
rs10073816 (G>A) 1.0000 0.3923~2.5491 1.0000

TSLP: thymic stromal lymphopoietin.
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Block 1 (0 kb)
1 2

Block 2 (0 kb)

Block 1 (0 kb)

Block 2 (0 kb)

Fig. 1. Pairwise linkage disequili-
brium (LD) map for six single
nucleotide polymorphisms of thymic
stromal lymphopoietin gene. (A)
Pairwise D’/LOD and (B) r* value
are indicated as colors. White to
red colors (closer to 1) representing
the increasing strength of LD.

Table 3. Haplotype association analysis of TSLP polymorphisms in AD (control) and AM (case)

Frequency
Haplotype Total AD (control) AM (case) .
(h=119) (n=60) (h=59) Chi-square p-value
Block 1 (rs3806933, rs2289276)
CC 0.676 0.649 0.703 0.781 0.3770
T 0.231 0.258 0.203 1.004 0.3163
TC 0.089 0.084 0.094 0.069 0.7929
Block 2 (rs11466749, rs11466750)
AG 0.954 0.942 0.966 0.806 0.3694
GA 0.029 0.042 0.017 1.273 0.2591
AA 0.017 0.017 0.017 0.0 0.9865

TSLP: thymic stromal lymphopoietin, AD: atopic dermatitis, AM: atopic march.

lele (C) frequency in asthma group'®'”. The frequency of a

major allele (CC) genotype at rs3806933, the AA genotype
at rs11466749 and GG genotype at rs10073816 were sig-
nificantly higher in a Turkish asthma group. The frequency
of a major allele (CC) genotype at rs3806933 was also in-
creased in Korean allergic rhinitis with an OR of 0.66
(95% Cl 0.50~0.88, p=0.015)"". The opposite results
were observed in different ethnic group. AM patients of
our data included 19 with AD and allergic rhinitis and one
with AD and asthma.

The global MAF indicates that rs2289276 is a common
variant located in the promoter region. It is also related to
Costa Rican, Japanese, and Turkish asthma'®'®, Rs2289276
potentially increases its transcriptional activity by altering
the binding affinity of AP-2 @, which is a transcription
suppression factor'’. A minor allele (T) frequency as a risk
factor was elevated at rs2289276 in Chinese and Japanese
asthma groups'”". In contrast, a major allele (C) fre-

quency was significantly elevated in Turkish asthma. The
CC genotype of rs2289276 is significantly associated with
higher eosinophil numbers and lower forced expiratory
volume (FEV4) in Turkish asthmatics'®. In a case control
study involving a Chinese Han population, the major C al-
lele of 12289278 was associated with reduced FEV;:forced
vital capacity (FVO)'"’.

Significant differences in rs11466749 and rs10073816 fre-
quencies between healthy children and asthmatics were
observed in a Turkish study'®. rs191607411, rs2289277,
rs139817258, and rs11466750 have not been previously
identified in studies related to allergy.

FLG mutation disrupts skin barrier function, leading to
more sensitization and greatly increasing the risk of AD.
TSLP is highly expressed in the epidermal keratinocytes
and plays a key role in immunological events in atopic
march. Thus, the impairment of inflammatory cytokines
through genetic mutation may help to prevent allergic
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disease. The rs2289276 and rs3806933 located in the pro-
moter region enhance transcriptional activity'’. However,
it is difficult to conclude the risk of TSLP variants because
of the opposite results in different ethnic group.

We found that Korean patients without the nine TSLP var-
iants had an 8.14 times higher risk of progressing from AD
to AM. Although the OR did not reach statistical sig-
nificance, there was a trend toward significant (p =0.0649).
Thus, the increase of major allele frequency in each TSLP
variant increase the risk of AM. We need to investigate the
newly discovered rs191607411, rs2289277, rs139817258
and rs11466750 variants in Koreans. These variants are lo-
cated in the 3-prime untranslated region (3’ UTR) of exon
4. The 3’ UTR contains regulatory regions including poly-
adenylation, translation, localization, and mRNA stability.
They have critical functions which can influence the fate
of MRNA?'. Thus, there may be effects between mutations.
Although our study was limited by a small sample size,
the grouping of nine TSLP polymorphisms detected in AD
and AM Koreans tells a novel story. Two haplotype blocks
were identified with high LD (D"=1). To overcome small
sample size and confirm a coinherited tendency of hap-
lotype block, additional case-control study was conducted
about two candidate SNP block1 (rs3806933, rs2289276
and rs2289277) and SNP block2 (rs11466749, rs11466750
and rs10073816) in 60 AD and 59 AM Korean populations.
Unexpectedly, each haplotype block 1 (rs3806933,
rs2289276 and rs2289277) and haplotype block 2
(rs11466749, rs11466750 and rs10073816) of three SNP
pairs became separated in two piece. However, the sig-
nificant coinherited feature (D’=0.97, D’=1) was identi-
fied in each two SNP pairs (rs3806933 and rs2289276)
and (rs11466749 and rs11466750). Rs3806933 and
rs2289276 variants were already verified the biological
functionality in vitro, respectively'’. There was no associa-
tion between AD and AM for these two SNP blocks
(rs3806933 and rs2289276) and (rs11466749 and
rs11466750). Thus, the genetic clues contributed to process-
ing allergic march was not detected in haplotype association
test. We need to compare control groups in future study.
The finding of nine TSLP polymorphisms and haplotypes
in Koreans with AD or AM is novel. Five of the nine SNPs
detected in Korean patients have also been associated
with Chinese, Japanese, Turkish, Costa Ricans. Our find-
ings indicate the increased risk of AM in patients without
the nine TSLP compared to AD. The data demonstrate one
functional haplotype blocks together with the other candi-
date block are observed in Koreans.

We suggest that the increase of major allele frequency of
respective TSLP variants may enhance the risk of AM.
These data will contribute to an improved genetic surveil-
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lance system in the early diagnosis technology of allergic
disease.
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Supplementary Materials

Patients

Peripheral blood samples were obtained from atopic march (AM) and atopic dermatitis (AD) patients. This study was re-
viewed and approved by the Chung-Ang University Hospital Institutional Review Board. All groups were diagnosed with
AD and AM by a dermatologist. Total immunoglobulin E was measured by ImmunoCAP-FEIA test in the patient’s serum
(Supplementary Table 1).

Whole-exome sequencing processing and alignment

Sequence reads in FASTQ format were mapped to the human assembly UCSC hg19 using the Burrows-Wheeler Aligner
(BWA, v0.7.7)" with “mem” and seed value parameters “-k 45” to create SAM files with correct mate pair information. The
read group tag included the sample name. Picard (v1.92) was then used to convert the SAM files to compressed BAM files
and then to sort the BAM files by chromosome coordinate. The Genome Analysis Toolkit (v2.3.9Lite)* was used to locally
realign the BAM files at intervals corresponding to potential insertion/deletion (indel) alignment errors. Insertions and dele-
tions were identified with Mutect’® and a GATK Somatic Indel Detector, respectively. Single-nucleotide variants and indels
were annotated using snpEff (v3.6¢)* to classify variants as synonymous, non-synonymous, missense, frameshift point mu-
tations, or frameshift indels.
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linkage disequilibrium (LD) map
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and (B) r* value are represented as
colors. White to red colors (closer
to 1) representing the increasing
strength of LD. Square without a
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Supplementary Table 1. Clinical information of the patients in Sanger sequencing

Variable AD (control) AM (case) p-value
Total 60 59 -
Age (yr) 27.4+6.9 24.9+9.9 0.1103
Male (%) 48.3 62.7 -
Total immunoglobulin E (KU/L) 1661.0+1870.0 1606.0+2,006.0 0.2560
Eosinophils (mm?) 517.5+471.4 399.4+273.3 0.1045
Clinical phenotype AD (60) AD+AR+AS (8) -
AD+AR (48)
AD+AS (3)

Values are presented as number or mean +standard deviation. AD: atopic dermatitis, AM: atopic march, AR: allergic rhinitis, AS:
asthma. *Student’s t-test, p<0.05.
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Supplementary Table 2. Clinical information of the patients in WES

AD (control) AM (case) p-value*
Total 20 20
Age (yr) 27.1+8.6 24.9+6.0 0.3548
Male/female 13/7 12/8
Total immunoglobulin E (KU/L) 1,698+ 1,897 3,088 +2,046 0.0391
Eosinophils (mm?>) 453.0+478.7 424.3+226.7 0.8147
Clinical phenotype AD (20) AD+AR (19) or AD+AS (1)

Values are presented as number or mean+standard deviation. WES: whole-exome sequencing, AD: atopic dermatitis, AM: atopic
march, AR: allergic rhinitis, AS: asthma. *Student’s t-test, p<0.05.
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Supplementary Table 3. Allele and genotype frequency of TSLP polymorphisms between 20 AD (control) and 20 AM (case) in Koreans

rs191607411 Allele C 40 39
(c.-1453C>A) A 0 1
Genotype CC 20 19

CA 0 1

AA 0 0

rs3806933 Allele C 25 26
(c.-1453C>T) T 15 14
Genotype CC 8 7

CT 9 12

T 3 1

1s2289276 Allele C 29 33
(c.-82C>T) T 11 7
Genotype CC 11 14

CT 7 5

T 2 1

rs2289277 Allele C 27 26
(c.217-142C>Q) G 13 14
Genotype CC 9 7

CG 9 12

GG 2 1

1s2289278 Allele C 32 37
(c.217-61C>Q) G 8 3
Genotype CC 12 17

CG 8 3

GG 0 0

rs139817258 Allele G 39 38
(c.*556G>A) A 1 2
Genotype GG 19 18

GA 1 2

AA 0 0

rs11466749 Allele A 37 35
(c.*813A>Q) G 3 5
Genotype AA 18 15

AG 1 5
GG 1 0

1s11466750 Allele G 37 35
(c.*1122G>A) A 3 5
Genotype GG 18 15

GA 1 5
AA 1 0
rs10073816 Allele G 27 27
(c.¥*1717G>A) A 13 13
Genotype GG 10 8

GA 7 11

AA 3 1

TSLP: thymic stromal lymphopoietin, AD: atopic dermatitis, AM: atopic march, SNP: single nucleotide polymorphism.
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Supplementary Table 4. Haplotype association analysis of TSLP gene in AD (control) and AM (case)

Frequency
Haplotype
Total AD (control) AM (case) Chi-square p-value

Block 1 (rs3806933, rs2289276, rs2289277)

CCC 0.637 0.65 0.625 0.054 0.8161

TTG 0.225 0.175 0.275 1.147 0.2842

TCG 0.113 0.175 0.05 3.13 0.0769
Block 2 (rs11466749, rs11466750, rs10073816)

AGG 0.675 0.675 0.675 0 1

AGA 0.225 0.2 0.25 0.287 0.5923

GAA 0.1 0.125 0.075 0.556 0.4561

TSLP: thymic stromal lymphopoietin, AD: atopic dermatitis, AM: atopic march.
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