Allergy 2009 DOI: 10.1111]j.1398-9995.2008.01873.x

© 2009 The Authors
Journal compilation © 2009 Blackwell Munksgaard

DOI: 10.1111/3.1398-9995.2008.01873.x

Original article

Asthma and atopy are associated with chromosome 1721 markers

in Chinese children

Background: Single-nucleotide polymorphism (SNP)-based genome-wide asso-
ciation study revealed that markers on chromosome 17q21 were linked to
childhood asthma but not atopy in Caucasians, with the strongest signal being
detected for the SNP rs7216389 in the ORMDL3 gene. Such association was
unknown in Chinese. This study delineated the allele and genotype frequencies
of 10 SNPs at chromosome 17q21, and investigated the relationship between
these SNPs and asthma and plasma IgE in southern Chinese children.
Methods: Asthmatic children and non-allergic controls were recruited from
pediatric clinics. Their plasma total and aeroallergen-specific IgE concentrations
were measured by immunoassay. Ten SNPs on 17q21 region were genotyped by
multiplex SNaPshot™, and their genotype associations with asthma traits ana-
lyzed using multivariate regression.

Results: 315 patients and 192 controls were enrolled. The allele frequency for C
allele of rs7216389 varied significantly from 0.232 in our controls, 0.389 in Han
Chinese to 0.536 in Caucasians. Asthma diagnosis was associated with
rs11650680 and five other SNPs including rs7216389 (P = 0.019-0.034),
whereas atopy was associated only with rs11650680 (P = 0.0004). Linear
regression revealed the covariates for plasma total IgE to be significant for
rs11650680 (P = 0.008-0.0002). Haplotypic associations were found with atopy
and increased plasma total IgE, with the respective odds ratios and 95% con-
fidence intervals for TTTCCGTT haplotype to be 0.21 and 0.09-0.52

(P = 0.0002) and 0.41 and 0.18-0.90 (P = 0.025).

Conclusion: Childhood asthma and atopy are associated with chromosome
17g21 in Chinese, but such association may involve genes other than ORMDL3
in this region.
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Asthma is one of the most common childhood diseases in Following

additional

experiments, they identified

developed countries. About one-tenth of Hong Kong
schoolchildren suffer from asthma (1). Most patients have
enhanced production of immunoglobulin E (IgE) to a
variety of allergens. Asthma is a complex disease involv-
ing interactions between many genetic and environmental
factors (2, 3). Over the past decade, genetic linkage and
association studies have identified more than 25 asthma
or allergy susceptibility loci. Nonetheless, fewer than half
of these associations have been successfully replicated in
multiple populations. Recently, Moffatt et al. published
the first genome-wide association (GWA) study for
childhood asthma in a cohort of 994 European patients
and 1243 controls (4). They identified highly significant
associations between asthma and single-nucleotide poly-
morphisms (SNPs) on chromosome 17q21, and replicated
these results in two independent Caucasian cohorts. In
particular, the strongest signal was detected for SNP
rs7216389 in the gene ORMI-like Protein 3 (ORMDL3).

ORMDLS3 to be a novel candidate gene for asthma.
Subsequently, several groups tried to replicate these
genetic associations. In view of the great intercthnic
variations of asthma burden in the United States,
Galanter et al. studied the association between asthma
and ORMDL3 in three independent cohorts of Mexicans,
Puerto Ricans, and African-Americans (5). They
observed significant associations between two SNPs
within  ORMDL3 (rs4378650 and rs12603332) and
asthma in Mexicans and African-Americans. None of
the eight tested SNPs was associated with baseline lung
function or bronchodilator responsiveness. Another
Japanese study of the SNP rs7216389 supported the
importance of ORMDL3 for asthma (6). Very recently,
Tavendale et al. reported that the SNP rs7216389 in
ORMDL3 was also associated with the risks for asthma
susceptibility and exacerbations among Scottish children
and young adults (7). These consistent findings suggest
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that ORMDL3 or adjacent genes on chromosome 17q21
is a strong risk factor for asthma in ethnically diverse
populations. Nonetheless, inconsistent results at the SNP
level call for more replication studies to define the genetic
associations with markers at this chromosomal region.

We hypothesized that asthma and plasma IgE are
associated with polymorphic markers at chromosome
1721 region in Chinese, but that these traits may be
linked with ORMDL3 or its adjacent gene(s). The
objectives of this study were to delineate the genetic
epidemiology of SNPs at chromosome 17q21 in Chinese
children, and to investigate the associations between
asthma traits and these SNPs in our population.

Patients and methods
Study population

Unrelated Chinese children with physician-diagnosed asthma and
aged 5 to 18 years were enrolled from pediatric clinics of a uni-
versity teaching hospital. The diagnosis of asthma was made
according to the American Thoracic Society (ATS) guidelines (8).
Non-allergic controls were recruited among children attending our
hospital for minor non-respiratory complaints, and all of them did
not report any allergic disease using the validated International
Study of Asthma and Allergies in Childhood (ISAAC) question-
naire (1). All cases and controls were free of any infectious symptom
for 4 weeks before study. The Clinical Research Ethics Committee
of our University approved these studies, and subjects and their
parents gave written informed consent.

Plasma IgE measurements

Total IgE concentration in plasma was measured by micro-particle
immunoassay (IMx analyser; Abbott Laboratories, Abbott Park,
IL, USA) and specific IgE antibodies to Dermatophagoides
pteronyssinus, cat and cockroaches were measured by fluorescent
enzyme immunoassay (AutoCAP; Phadia AB, Uppsala, Sweden).
Data on total IgE concentrations were compared with our local
references (upper limits of normal: 120 kIU/I for 5 to 6 years;
160 kIU/I for 6 to 7 years; 180 kIU/I for > 8 years) (9). Specific IgE
concentration > 0.35 kIU/l was considered positive, and subjects
with one or more allergen-specific IgE were considered atopic.

Spirometric measurements

All asthmatics underwent spirometry (COMPACT I1I; Vitalograph,
Buckingham, UK) to measure their forced expiratory volume in 1 s
(FEV)) and forced vital capacity (FVC). Results were compared
with local references (10).

Selection and genotyping of SNPs at chromosome 17q21

The published SNPs at chromosome 17q21 were reviewed from
HapMap data (11), and seven tagging SNPs were selected from
those with minor allele frequency (MAF) 20.05 for Han Chinese
and according to > > 0.90. The three SNPs with the most significant
P-values from Moffatt et al. (4) were added to our panel, i.e. total
10 SNPs, that is the maximum number of SNPs that can be geno-
typed by the SNaPshot assay. Table 1 summarizes the locations and

Table 1. Details of our 10 single-nucleotide polymorphisms on chromosome 17g21

rs number Probe

SNP Gene Role (12) (11) length (bp)

T+34578C ZNFNTA3 Intron 2 3816470 19

T+10507C/T ORMDL3/GSDML  Downstream/ 7216389 23
+3620C Intron 1

T+3033C/T-3854C  ORMDL3/GSDML 3’ UTR/Promoter 2278894 26

T-2357C/1-9262C  ORMDL3/GSDML Intron 1/Promoter 17608925 40

C-3894T ORMDL3 Promoter 3744246 56
C-4929A ORMDL3 Promoter 4795402 35
- - - 6503525 38
(-10587A GSDM1 Promoter 1007654 42
C+6707T/C-8576T GSDM1/PSMD3  Intron 6/Promoter 3859192 46
C-5193T TOP2A Promoter 11650680 50

SNP, single-nucleotide polymorphism; UTR, untranslated region.

gene functions of these SNPs, and Fig. 1 describes their distribution
with respect to different genes at the 17q21 region.

Genomic DNA was extracted from peripheral blood leukocytes.
The genomic region of interest at chromosome 17q21 was amplified
by multiplex polymerase chain reactions (PCRs), the details of
which are summarized in Table S1. These PCR reactions were
performed in a total volume of 18 pl containing 120 ng DNA,
200 uM dNTPs, 1X PCR Gold buffer with 2.5 mM MgCl,,
5-10 pmol of each primer and 0.5 unit of AmpliTag Gold DNA
polymerase (Roche Molecular Systems, Branchburg, NJ, USA).
Samples were denatured at 95°C for 10 min followed by 30 cycles of
95°C for 60 s, 58°C for 60 s, followed by 72°C for 75 s, and a final
extension at 72°C for 10 min.

Our 10 SNPs were genotyped by SNaPshot Multiplex kit (Applied
Biosystems, Foster City, CA, USA) as previously described (13). In
brief, 5 pl of mixed PCR products from the above reactions were
then incubated with 2 ul of exonuclease I/shrimp alkaline
phosphatase (ExoSAP-IT; USB, Cleveland, OH, USA) at 37°C
overnight, followed by heating at 80°C for 15 min to inactivate
ExoSAP-IT. Following this, 2.5 ul of SNaPshot Multiplex kit, 1.5 ul
of ExoSAP-IT treated PCR products and 1 pl of mixed probes
(Table S2) were incubated for 25 cycles at 96°C for 10 s, 54°C for 5 s,
and 60°C for 30 s. Finally, 0.6 unit of SAP (USB) was added to the
reaction product and incubated at 37°C for an hour to remove the
unused primers and unwanted PCR products. SAP was then dena-
tured by heating at 75°C for 15 min. The final reaction mix con-
taining 9.25 pl of Hi-Di Formamide, 0.5 pl of sample and 0.25 pl of
GeneScan-120 LIZ internal size standard (Applied Biosystems) was
denatured at 95°C 5 min, and genotypes of our 10 SNPs were
identified by different fluorescent signals by ABI-3130 Genetic
Analyzer (Applied Biosystems). Finally, the multiplex SNaPshot
results from 40 randomly selected subjects were confirmed by direct
sequencing of the target chromosome 17q21 region using BigDye
Terminator Cycle sequencing kit (Applied Biosystems).

Statistical analysis

Results were expressed as proportions or mean and standard devi-
ation (SD). Patient characteristics were compared using the Student
t-test or ANOvVA for numerical data, and chi-squared or Fisher’s
exact test for categorical variables. Plasma total IgE was logarithm-
transformed to base 10 before analysis. Hardy—Weinberg equilib-
rium (HWE) for the 10 SNPs in cases and controls was evaluated by
the exact test. To investigate the pattern of linkage disequilibrium
(LD) in our SNPs on chromosome 17q21, pairwise LD coefficient
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Figure 1. The distribution of our SNPs along the chromosome 17q21 region.

was calculated for each SNP pair by Haploview (Daly Lab,
Cambridge, MA, USA). The associations between our SNPs and
dichotomous phenotypes were analyzed using multivariate logistic
regression, and with quantitative traits using linear regression. Two
alternative models (recessive and co-dominant) were fitted for each
outcome, adjusting for age and gender as covariates. Haplotypes
were assigned as maximum likelihood estimates using EH program,
and their associations with asthma traits were analyzed after 1000
permutations using WHAP (14). All comparisons were made two-
tailed, and P-values less than 0.05 were considered significant.

Results
Study population

Three hundred and fifteen patients and 192 controls were
recruited. Table S3 summarizes their demographic and
clinical characteristics. The mean (SD) age of patients and
controls was 11.1 (3.9) years and 11.8 (4.1) years,
respectively (P = 0.074). Patients had higher log-trans-
formed plasma total IgE than controls [mean (SD): 2.60
(0.61) vs 1.86 (0.70); P < 0.0001]. Atopy was also more
common among our cases (86.6%) than the controls
(43.2%; P < 0.0001).

Characterization of SNPs at chromosome 17q21
The overall genotyping efficiency was 99.6%. Table 2
summarizes MAF for our 10 SNPs. Two SNPs did not
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follow HWE: rs2278894 among the cases (P = 0.0002)
and rs4795402 among the controls (P = 0.019), and
they were excluded from genotype and haplotype
analyses. The LD scores for these SNPs among our
subjects were generally medium to high for SNPs
around the ORMDL3 gene (Fig. S1), but only one
haplotype block with rs17608925, rs3744246 and
1s4795402 could be assigned to our SNP panel. Two
SNPs distant from ORMDL3 (rs3859192 in GSDM1I
and rs11650680 in TOP2) were in generally low LD
with the other SNPs.

Asthma traits and individual polymorphisms

The relation between dichotomous asthma-related traits
and SNPs in chromosome 17q21 was analyzed by logistic
regression (Tables 3 and 4). Adjusted for age and gender
as covariates, asthma diagnosis was significantly associ-
ated with 1s3816470, 1s7216389, rs11650680 and
rs3744246 under the co-dominant model, and with
rs6503525 and rs11650680 under the recessive model.
Atopy was significantly associated only with rs11650680
under both co-dominant (P = 0.0004) and recessive
(P = 0.0004) models. Plasma total IgE level was ana-
lyzed as a continuous variable. The covariate for this
variable was significant for rs11650680 under both
co-dominant and recessive models (P = 0.008 and
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Table 2. Interethnic comparisons of minor allele frequencies for polymorphic markers at chromosome 17g21 in our subjects with HapMap and published data for non-allergic
controls

Present study HapMap data (12) Published data (4-7)

SNP Minor allele Asthmatics Controls Han Chinese Japanese European African Caucasian Japanese African-American
rs3816470 C 0.196 0.221 0.389 0.273 0.525 0.583 - - -
rs7216389 C 0.197 0.232 0.389 0.289 0.517 0.125 0.503-0.536 0.287 0.216
rs2278894 C 0.025 0.021 0.089 0 0 0 - - -
rs4795402 A 0.186 0.227 0.356 0.267 0.317 0.483 - - -
rs6503525 C 0.629 0.570 0.433 0.511 0.475 0.517 - - -
rs17608925 C 0.056 0.073 0.089 0.056 0.158 0.033 - - -
rs1007654 A 0.240 0.284 0.433 0.344 0.308 0.241 - - -
rs3859192 T 0.543 0.508 0.422 0.611 0.500 0.350 0.409-0.464 - 0.321
rs11650680 T 0.206 0.258 0.200 0.133 0.233 0 0.199-0.212 - 0.002
rs3744246 T 0.201 0.230 0.344 0.267 0.267 0.292 0.197-0.207 - 0.307

SNP. single-nucleotide polymarphism.

Table 3. Association between physician-diagnosed asthma and SNP genotypes in our subjects

Asthmatics (n = 315) Controls (n = 192) Recessive model* Co-dominant model*

Genotype n (%) n (%) OR (95% Cl) P OR (95% Cl) P
rs3816470

1T 203 (65.1) 110 (57.3) 1.00 Ref 1.00 Ref

TC 96 (30.8) 79 (41.1) 0.67 (0.44-0.95) 0.025

cC 13 (4.2) 3(1.6) 3.04 (0.84-10.91) 0.089 2.60 (0.72-9.42) 0.146
rs7216389

1T 203 (64.4) 107 (55.7) 1.00 Ref 1.00 Ref

TC 100 (31.7) 81 (42.2) 0.64 (0.44-0.94) 0.023

cC 12 (3.8) 4(2.1) 2.05 (0.64-6.52) 0.225 1.74 (0.54-5.58) 0.354
rs6503525

GG 50 (15.9) 33 (17.2) 1.00 Ref 1.00 Ref

GC 134 (42.5) 99 (51.6) 0.86 (0.51-1.44) 0.567

cC 131 (41.6) 60 (31.3) 1.55 (1.06-2.27) 0.024 1.39 (0.81-2.38) 0.234
rs17608925

T 280 (89.5) 163 (85.3) 1.000 Ref 1.00 Ref

TC 31 (9.9 28 (14.7) 0.62 (0.36-1.08) 0.092

cC 2 (0.6) 0(0) NA 0.999 NA 0.999
rs1007654

GG 182 (58.0) 96 (50.5) 1.00 Ref 1.00 Ref

GA 113 (36.0) 80 (42.1) 0.76 (0.52-1.11) 0.160

AA 19 (6.1) 14 (7.4) 0.87 (0.42-1.78) 0.696 0.77 (0.37-1.62) 0.492
rs3859192

cC 69 (22.0) 43 (22.6) 1.000 Ref 1.00 Ref

CT 149 (47.5) 101 (53.2) 0.92 (0.58-1.45) 0.712

T 96 (30.6) 46 (24.2) 1.32 (0.87-1.99) 0.191 1.24 (0.74-2.09) 0.418
rs11650680

cC 196 (62.2) 108 (56.8) 1.00 Ref 1.00 Ref

CT 108 (34.3) 66 (34.7) 0.92 (0.62—1.36) 0.676

T 11 (3.5) 16 (8.4) 0.42 (0.19-0.94) 0.034 0.41 (0.18-0.92) 0.031
rs3744246

cC 202 (64.3) 106 (56.1) 1.00 Ref 1.00 Ref

CT 98 (31.2) 79 (41.8) 0.63 (0.43-0.93) 0.019

T 14 (4.5) 4(2.1) 2.36 (0.76-7.36) 0.139 2.00 (0.63-6.29) 0.238

Cl, confidence interval; OR, odds ratio; NA, not available; Ref, reference.
*Analyzed by logistic regression, adjusted for age and gender as covariates.

0.0002 respectively), suggesting that subjects homozygous
for the T allele had lower plasma total IgE levels
(Table 5). The SNP rs3859192 was again marginally Eight-locus haplotypes were assigned from SNPs that
associated with plasma total IgE. followed HWE and with MAF >5%. There were no

Asthma traits and haplotypes at chromosome 17g21
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Table 4. Association between atopy t and SNP genotypes in our subjects

Asthma and chromosome 17¢21 in Chinese

Atopy (n = 340) Non-atopic controls (n = 148) Recessive model* Co-dominant model*

Genotype n (%) n (%) OR (95% Cl) P OR (95% Cl) P
rs3816470

T 213 (63.2) 87 (58.8) 1.00 Ref 1.00 Ref

TC 112 (33.2) 58 (39.2) 0.80 (0.53-1.21) 0.298

cC 12 (3.6) 3(2.0) 1.53 (0.42-5.59) 0519 1.41 (0.38-5.20) 0.604
rs7216389

T 215 (63.2) 84 (56.8) 1.00 Ref 1.00 Ref

TC 114 (33.5) 60 (40.5) 0.74 (0.49-1.12) 0.153

cC 11 (3.2) 4(2.7) 1.10 (0.34-3.56) 0.870 0.98 (0.30-3.21) 0.979
rs6503525

GG 52 (15.3) 30 (20.3) 1.00 Ref 1.00 Ref

GC 152 (44.7) 73 (49.3) 1.24 (0.72-2.12) 0.439

cC 136 (40.0) 45 (30.4) 1.50 (0.99-2.28) 0.059 1.75 (0.99-3.10) 0.055
rs17608925

T 298 (88.2) 127 (86.4) 1.00 ref 1.00 ref

TC 39 (11.5) 19 (12.9) 0.85 (0.47-1.54) 0.588

CC 1(0.3) 1(0.7) 0.48 (0.03-7.80) 0.608 0.47 (0.03-7.66) 0.598
rs1007654

GG 194 (57.2) 73 (50.0) 1.00 Ref 1.00 Ref

GA 123 (36.3) 63 (43.2) 0.75 (0.49-1.13) 0.165

AA 22 (6.5) 10 (6.8) 0.92 (0.42-2.01) 0.833 0.81 (0.36-1.81) 0.607
rs3859192

cC 69 (20.4) 39 (26.7) 1.00 Ref 1.00 Ref

CT 174 (51.3) 69 (47.3) 1.45 (0.89-2.37) 0.136

1T 96 (28.3) 38 (26.0) 1.12 (0.71-1.75) 0.634 1.44 (0.83-2.50) 0.201
rs11650680

cC 213 (62.6) 82 (56.2) 1.00 Ref 1.00 Ref

CT 118 (34.7) 48 (32.9) 0.95 (0.62—1.46) 0.820

T 9(2.6) 16 (11.0) 0.21 (0.09-0.50) 0.0004 0.20 (0.09-0.49) 0.0004
rs3744246

CC 216 (63.1) 82 (56.6) 1.00 Ref 1.00 Ref

CT 113 (33.3) 58 (40.0) 0.74 (0.49-1.13) 0.161

T 12 (3.5) 5 (3.4) 0.95 (0.33-2.77) 0.922 0.85 (0.29-2.51) 0.765

Cl, confidence interval; OR, odds ratio; Ref, reference.
*Analyzed by logistic regression, adjusted for age and gender as covariates.
tDefined as > one allergen-specific IgE in plasma.

significant association of haplotypes with asthma diag-
nosis (P = 0.453). On the other hand, atopy was
significantly associated with our eight-locus haplotypes
(P = 0.048) There was also a marginally significant
haplotypic association (P = 0.053) for increased plasma
total IgE levels. Table 6 summarizes the post hoc analyses
for individual haplotypes. The haplotype TTTCCGTT
was significantly protective against both atopy and
increased plasma total IgE, with the respective OR and
95% CI for these phenotypes being 0.21 and 0.09-0.52
(P = 0.0002) and 0.41 and 0.18-0.90 (P = 0.025).

Discussion

Using case—control test of genetic associations, this
study found significant associations between asthma and
atopy traits and a number of SNPs on chromosome
17921 in southern Chinese children. Interestingly, the
SNP rs7216389 most significantly associated with
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asthma in the Caucasian and Japanese populations
was only marginally associated with asthma in this
study. On the other hand, we observe that asthma,
atopy and plasma total IgE were consistently associated
with rs11650680 in TOP2A located upstream of OR-
MDL3. In this replication study, the associations
between polymorphic markers at chromosome 17q21
and asthma-related traits are consistently significant or
close to significant at 5% alpha level. These findings are
clearly not a case of ‘chance significant finding’ coming
out of a bunch of statistical comparisons (15), indicating
a substantial evidence for the effects of chromosome
17921 markers on asthma and atopy. We consider that
adjusting for multiple comparisons is not needed.
Besides, the majority of genetic associations at least
for rs11650680 would remain significant after such
corrections. On haplotypic analysis, atopy and increased
plasma total IgE also showed significant associations
with an eight-locus haplotype in this chromosomal
region. These findings strongly support the importance
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Table 5. Association between SNP genotypes and plasma total IgE as a quanti-
tative trait

Table 6. Relationship between atopy and increased plasma total IgE levels and
haplotypes™ assigned from eight SNPs at chromosome 17g21 region

All subjects (n = 498) P-values Frequency
Genotype n (%) Plasma logiolgE*  Aanova  RMf  CDMfY Phenotype Haplotype Atopy No atopy ~ OR 95% Cl Pt
rs3816470 Atopic TTTCCGTC 0.388 0.252 1.00 - Ref
1T 308 (62.2) 236 +0.72 0130 0390 0325 status TTTCCGCC 0.114 0.091 078 0.36-1.69 0.620
TC 172 (34.7) 223 +0.77 TTTCCGTT 0.038 0.116 021 0.09-0.52 0.0002
cC 15 (3.0) 252 +0.71 CCTTGACC 0.048 0.082 037 0.15-093 0.032
rs7216389 TTTCCGCT 0.042 0.066 039 0.15-1.04 0.063
T 305 (61.2) 235+0.72 0377 0.7 0313 TTTCGGCC 0.041 0.067 039 0.15-1.04 0.063
TC 178 (35.7) 226 +0.77 TTTCGACC 0.050 0.052 060 022-1.64 0.388
cC 15 (3.0) 239+0.73 Increased  Normal
rs6503525
GG 82 (1.16) 220+ 080 0.237 0.099 0.166 Plasma TTTCCGTC 0.369 0.277 1.00 - Ref
GC 228 (45.8) 233+ 072 total Igkf  TTTCCGCC 0.124 0.097 096 049-192 0.958
ce 188 (37.8) 236+ 072 TTTCCGTT 0.053 0.096 041 0.18-0.90 0.025
rs17608925 CCTTGACC 0.048 0.078 048 020-1.13 0.102
T 435 (87.9) 233+ 074 0738 0609 0630 TTTCCGCT 0.040 0.063 048 0.19-1.24 0147
TC 58 (11.7) 226 + 0.71 TTTCGGCC 0.036 0.067 041  0.16-1.05 0.065
cC 2(0.4) 255+ 1.08 TTTCGACC 0.051 0.047 086 0.33-2.26 0.908
rs1007654 TTTCGACT 0.028 0.050 039 0.13-1.14 0.091
GG 273 (55.2) 234 +0.73 0484 0265 0311 . ) )
GA 190 (38.4) 231 1 0.74 pl, confidence interval; OR, odds ratio; Ref, reference haplotype used for compar-
AA 32 (6.5) 218 £ 0.80 Ison. _
1$3859192 *Haplotypes were constructed from the following SNPs: rs3816470, rs7216389,
cc 11 (22.4) 292 + 080 0043 0077 0.017 rs17608925, rs3744248, rs6503525, rs1007654, rs3859192 and rs11650680. Only
cT 246 (49.7) 230+ 0.73 haplotypes with > 0.05 frequencies in at least one group were listed.
T 138 (27.9) 244 + 0.69 tYates-corrected P-values obtained by chi-squared or Fisher exact test.
rs11650680 +Compared with the upper limits of local references (120 klU/I for 56 vyears;
cc 301 (60.7) 236 + 0.72 0001 00002 0008 160 kIU/I for 67 years; 180 klU/I for =8 years).
CT 170 (34.3) 232 +0.76
T 25 (5.0) 179 + 0.63 MDL3, or adjacent genes on chromosome 17q21, is a
rs3744248 strong risk factor for asthma in ethnically diverse popu-
g? ?32 Eg;g; ggg i 8;5 0213 0504 0300 1at§0n§. Despi'te the fact that 0RMDL3 is ‘expressed
T 17 3.4) 2154 073 ubiquitously, its function or pathogenic role in human

ANOVA, analysis of variance; CDM, co-dominant model; RM, recessive model.
*Expressed in mean + standard deviation.
+Analyzed by linear regression, adjusted for age and gender as covariates.

of genes in chromosome 1721 in conferring the risks of
childhood asthma and atopy.

The initial publication of asthma GWA by Moffatt (4)
identified the chromosome 17q21 as a candidate locus for
childhood asthma in Caucasians. They went on to show
that this genetic association was due to the functional SNP
r$7216389 and others in ORMDL3 on this chromosome
region. Two of the three replication studies published to
date focused mainly on rs7216389 (6, 7), which could not
provide data on the SNPs of other genes on chromosome
17q21. The third study genotyped eight ORMDL3 SNPs
in three independent cohorts of Mexicans, Puerto Ricans,
and African-Americans (5). They observed significant
associations between two SNPs within ORMDIL3
(rs4378650 and rs12603332 but not rs7216389) and asthma
in Mexicans and African-Americans. The present study
also detected weak yet significant associations between
asthma and two SNPs (rs7216389 and rs3744246) within
ORMDL3. These consistent findings suggest that OR-

diseases remains unclear. Hjelmqvist et al. showed OR-
MDL3 to have significant sequence conservation to
homologues in Drosophila and Saccharomyces cerevisiae
(16). The Japanese group demonstrated that ORMDL3
expression in normal human lung fibroblasts was strongly
induced by polyinosine-polycytidylic acid, one of the
pathogen-associated microbial patterns, but not by lipo-
polysaccharide, lipopeptide 2 or Pam3CSK4. This finding
suggests that ORMDL3 may be important in defense
against viral respiratory infections (6).

We observe from the above findings that asthma is
associated with different SNPs within ORMDL3 in
different ethnic groups — with rs7216389 in Japanese,
Scottish and our southern Chinese and with rs4378650
and rs12603332 in Mexicans and African-Americans.
This discrepancy of the results at SNP level suggests that
gene(s) adjacent to ORMDL3 on chromosome 1721 may
also influence asthma susceptibility. For instance, our
study as well as the asthma GWA (4) identified a strong
association signal for rs11650680 of TOP2A that is about
500 kbp from rs7216389. As these two SNPs fell within a
large LD block in the Caucasian population, Galanter
et al. (5) argued that such genetic association implied that
these SNPs were in LD with one or more of the causative
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SNPs. However, our LD pattern (Fig. 1) showed that
rs11650680 and rs7216389 are not linked in Chinese in
contrast to what Moffatt et al. found in their Caucasian
samples. rs11650680 is located in the promoter region of
TOP2A4 (DNA topoisomerase II, alpha isozyme; OMIM#
126430) (12). This gene is mapped to chromosome
17q21.2, and encodes a DNA topoisomerase of
29 327 base pairs with 35 exons (17). Topoisomerase 11
from eukaryotic cells catalyzes the relaxation of super-
coiled DNA molecules, catenation, decatenation, knot-
ting, and unknotting of circular DNA, implying its
importance in cell cycle and DNA repair. TOP2A is
increasingly being recognized to be an important predic-
tor of treatment responses for many cancers (18, 19).
Nonetheless, there has not been any study on the
relevance of TOP2A in asthma and atopy pathogenesis.
Together with our consistent findings of rs11650680 with
a number of asthma traits, we suggest that TOP24 may
be an additional candidate gene for asthma and plasma
IgE. Further genetic studies with larger sample size and
dense SNP mapping of the locus around rs11650680 are
needed to confirm our observation. As in our published
findings between IL13, IL4RA and TARC (20), it would
also be interesting to investigate the epigenetic interac-
tions for asthma and atopy between genes on chromo-
some 17q21 and other known candidate genes.

This study provides further data to support the
interethnic variations of MAF for polymorphic markers
on chromosome 17q21 (Table 2). The minor C allele of
r$7216389 in our southern Chinese (0.232) was similar to
that of Japanese (0.287) but much lower than Han
Chinese (0.389) and Caucasians (0.503 to 0.536). In
contrast, MAF for rs11650680 and its adjacent SNP
(rs3859192) were similar to the published data for
Caucasians (4, 11). Such interethnic differences possibly
also affect the haplotype structure at chromosome 17q21:
our initial HapMap search assigns rs3744246 and
rs4795402 to the adjacent haplotype blocks for Cauca-
sians, but these two SNPs are clustered into a single
haplotype block in our southern Chinese (Fig. S1). These
differences in MAF also affected the power of this study
to detect significant genetic associations. For example, C
allele of rs7216389 is the ‘wild-type’ allele in Caucasians
but becomes a minor allele in our Chinese subjects. This
finding is similar to what we found for CD14, DEFBI,
and PTGDR in Chinese children (13, 21, 22). With MAF
that is 30% lower than that found by Moffatt (4), this
study in Chinese would expectedly yield less impressive P-
values for rs7216389 with asthma traits. Barnes reviewed
that the genetic epidemiology of asthma candidate loci
showed marked variations among different racial and
ethnic groups (23). As the global burden of asthma and
allergy also varied widely (24), it would be crucial to
delineate the influence of chromosome 17q21 markers for
asthma traits in different populations.

One limitation of this study relates to the use of
different criteria for defining cases and controls. Asthma
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in our cases was diagnosed by the standard ATS criteria
(8), i.e. presence of suggestive asthma symptoms together
with BHR or reversibility of airflow limitation. On the
other hand, our controls were ascertained by the Chinese
translated ISAAC questionnaire (1). They gave negative
returns for all four items ‘current wheeze’, ‘asthma ever’,
‘rhinoconjunctivitis ever’ and ‘eczema ever’. de Meer et al.
found that 66 of 470 asymptomatic schoolchildren had
BHR to hypertonic saline according to the ISAAC
protocol (25). Without measuring lung functions for the
non-allergic controls, we agree that some of them may
have asymptomatic BHR. This limitation would thus
reduce the differences in genotype frequencies of our
studied SNPs between cases and controls for the out-
comes. Nonetheless, we argue that the findings of genetic
associations with our SNPs would suggest that they are
more likely to be genuine. Another limitation is that the
number of controls was much lower than that of our
cases, and this issue may weaken the power of this study
in detecting any significant genetic association. Despite
this, the existing sample size has 80% power to detect
with 95% confidence an odds ratio of 1.8 for asthma for
any SNP with MAF 0.2, which was applicable for eight of
our studied SNPs (i.e. MAF for controls in Table 2). In
addition, our controls were recruited from non-allergic
children who attended our hospital outpatient clinics for
minor, non-respiratory complaints. Although we cannot
exclude any selection bias or population stratification, the
pattern of allergen sensitizations of these controls (see
Table S3) are comparable with those of local schoolchil-
dren (26). Despite this, this study may be improved by
recruiting control subjects from our general population.

In conclusion, this case—control study supports the
genetic associations between asthma and related traits
and chromosome 1721 region. However, these clinical
phenotypes were most strongly linked to rs11650680 of
the TOP2A gene that is distant from rs7216389, the SNP
in ORMDL3 that is published among the Caucasian
population. Future studies should replicate our findings
and also investigate the possible interactions between
genes on chromosome 17q21 in determining the suscep-
tibility for asthma and atopy.
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Table S1. Primers for the three multiplex PCR reactions
Polymorphism Primer sequence Product size (bp)
Group | PCR
1s3816470 F: 5 AAC TGT AGT CAT TCA AAA CCG CTG 3°
163
R: 5° TAT GTG TGAAGG GGTACTAT 3’
rs11650680  F’: 5° AAT GGG GAT AAT GGG AGTACCTC 3°
376
R’: 5 AAA GAG CAG AAAGAACGGAAGCACY®
rs1007654 F: 5 CACACATGG GAG CTAACCCC 3’
673
R’: 5 TAA GAATCC GGA GAC CTAAG ¥
Group Il PCR
1s3744246 F’: 5TGA GGAGACTCG GACTTGTA 3’
452
R’: 5°CTT TAG ACG ATG CAGATG TG 3’
rs3859192 F’: 5 CTT CCC ACATCT TCC GCC CTA 3’
631
R’: 5 CAAAGG TCT CAG GCGTCAGA 3’
154795402 F’: 5" AGG GCT CAT TCCAAGATC GA ¥’
751
R’: 5 TAC ATG GGATGACTTCCTTA 3’
Group 111 PCR
rs7216389 F’: 5 AGC AGT TCT GTC GCT GTT GT 3’ 185
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27

28

29

30

31

32

33

34

35

36

37

38

39

40

R’: 57 AAG GCA CGCAGC CCCTTC GG 3°

152278894 F: 5 ATGTTG CCCTTTTAT TTGCGTT 3’

R’: 5 CTC CCCTTC CCAGTTGGACTAG ¥

rs17608925 F’: 5 AAAACAACCAACTGG CCCCT 3

R’: 5 GGG GGT GGG CGG AAT GGACA ¥

rs6503525 F’: 5 TGA GTT TGG TAG GGG GTCAA 3’

R’: 5 CTC TGT GCA TGG GGT CTA GG 3’

244

485

878

F, forward primer; R, reverse primer.



41  Table S2. Mixed Probes for multiplex genotyping using SNaPshot™ kit
Polymorphism Primer sequence Length Conc.
rs3816470 5" AAT GGG GGT CTACTTAATA 3’ 19 mer 0.15uM
rs7216389 5" GCAACC CTG GAAAGT CACAAACAZ 23 mer 0.03 uM
rs2278894 5’GCCTGT TTT CTC CCT CCT GAC CCT GC 3’ 26 mer 0.03 uM
5" GAC TGA CTG CACTTC GGA AAAAAC AGA
154795402 35mer 0.03 uM
GACACCTT3
5’ TGA CTG ACT GAC AGA ATC ACT TGA ATC TGG
1s6503525 38 mer 0.15 pM
GAAGTGAAZ
5" GAC TGA CTG ACT GAC TGA CTT GCT TAG TGC
rs17608925 40 mer 0.15 uM
TGG GCCCTGA¥
5 ACT GAC TGA CTG ACT GAC TGA AAT AGG TGG
rs1007654 42 mer 0.15pM
AGC TGG AGA GGG 3°
5" GAC TGA CTG ACT GAC TGA CTA GAT ATA GAA
rs3859192 46 mer 0.15puM
ACT GACAGACAGAGAC3
5" ACT GAC TGA CTG ACT GAC TGACTG TTC TCC
rs11650680 50mer 0.15 pM
AAAACCAGC TCAAAATTCTC 3
5’TGA CTG ACT GAC TGA CTG ACT GAC TGA CTG
rs3744246 56 mer 0.15uM
ACTAGA GCG CTTTTCACAACATTG GC 3
42

43



44  Table S3. Clinical and laboratory characteristics of our subjects

Asthmatics Non-allergic controls

Characteristics *

(n=315) (n=192)

Age, years 11.1+3.9 11.8+4.1
Male (n, %) 201 (63.8) 106 (55.2)
Plasma log;o-transformed total IgE level 2.60£0.61 T 1.86 +0.70
Increased plasma total IgE level (n, %) 238 (77.3) T 65 (34.2)
Atopy (= one allergen-specific IgE) (n, %) 258 (86.6) T 82 (43.2)
IgE sensitization to aeroallergens

Dermatophagoides pternoyssinus (n, %) 257 (86.2) T 80 (42.1)

Cockroaches (n, %) 11 (3.7) 6(3.2)

Cat (n, %) 14 (4.7) 2 (1.1)
PB eosinophil percentage, % 74+43 7 34+£29
Spirometric variables

FEV,, % predicted 94.1 £20.7 ND

FVC, % predicted 110.6 £ 26.8 ND

FEV,/FVC 0.795 +0.108 ND

45 FEV,, forced expiratory volume in 1-second; FVC, forced vital capacity; ND, not done; PB,

46  peripheral blood.
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71

* Expressed in mean + standard deviation unless stated otherwise; ¥ P < 0.0001.
1 Compared with the upper limits of local references (120 kIU/1 for 5-6 years; 160 kIU/I for 6-

7 years; 180 kIU/I for > 8 years).
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Figure Legend

Figure S1. Linkage disequilibrium (LD) pattern among our 10 SNPs by Haploview

analysis. The legend summarizes rs numbers and locations of the markers along chromosome

17921. Numbers inside the boxes represent D’ values for LD.
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