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Association of IL13 with total IgE: Evidence
against an inverse association of atopy

and diabetes
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Background: Atopic illnesses, related to high circulating IgE
levels, and the autoimmune disease type 1 diabetes, have been
reported to be inversely associated. One possible explanation
is that susceptibility alleles for one disease provide protection
for the other.

Objective: Using the largest sample sizes reported so far for the
identification of genetic determinants of circulating IgE levels,
we investigated associations between total serum IgE (log-
transformed) and single nucleotide polymorphisms in 8 genes
that are candidate susceptibility loci for IgE levels/atopic illness
(IL13, IL4, IL4RA, FCERIB, IL12B, TBET) and/or type 1
diabetes (CTLA4, PTPN22, IL2RA).

Methods: As many as 4570 DNA samples obtained from
members of the British 1958 Birth Cohort were genotyped
for 51 candidate variants, and the associations of alleles and
genotypes with log-transformed serum IgE levels were
evaluated by regression modeling.

Results: We obtained evidence of association between IL13
variants and total serum IgE levels (P = .00002, explaining
0.59% of phenotypic variance). However, there was no evidence
of association of the confirmed type 1 diabetes susceptibility
genes CTLA4 and PTPN22 and the candidate gene IL2RA with
IgE levels.
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Conclusion: Allelic variation in the IL-13 gene is robustly
confirmed as a contributor to the variance of IgE levels but has
no detectable effect in type 1 diabetes.

Clinical implications: Although the allelic variation at the
confirmed IL-13 locus explains too little of the between-
individual variation of circulating IgE to be of use for clinical
prediction on its own, the discovery of additional susceptibility
loci in the future may aid in the stratification of atopic subjects
and improve risk assessment. (J Allergy Clin Immunol
EEEN;EEN:EEE-EEN,)
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The familial aggregation of asthma and allergic dis-
eases is well recognized, and twin studies strongly sug-
gest a heritable component to both asthma and allergic
disease.! The heritability of asthma has been estimated as
approximately 60%,” and a similar figure can be derived
for the heritability of total circulating IgE."* Several stud-
ies have reported an inverse relationship between atopic
diseases, characterized by a Ty2-associated pathway,
and type 1 diabetes, which involves cell-mediated, Ty1
destruction of the insulin-producing cells of the pan-
creas.”® The possibility of an inverse association between
the 2 immune-mediated disorders stems from the Ty 1/T2
paradigm: in response to exposure to different kinds of
pathogens, counterregulatory activities in the immune sys-
tem control the Ty1 cells (secreting IL-2 and IFN-v) and
Ty2 cells (secreting IL-4, IL-5, and IL-13) while maintain-
ing immunologic self-tolerance and suppression of auto-
immune disease. Some pathways driving Tyl or Ty2
differentiation can be mutually exclusive in that activators
of one pathway are considered to be negative regulators
of the other.” For example, in experiments in animal
models used to study allergic inflammatory diseases and
in human beings with chronic inflammatory disease, Ty1
T-cell-induced actions such as those via the Ty 1 cytokine
IFN-y ameliorated T2 T-cell responses.8’9

A meta-analysis of studies investigating the association
between type 1 diabetes and atopic disease suggested a
significant, albeit small, reduction in the frequency of
asthma among children with type 1 diabetes (OR, 0.82;
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Abbreviations used
DIP: Deletion/insertion polymorphism
SNP: Single nucleotide polymorphism

95% CI, 0.68—0.99).10 However, a study of as many as
20,050 American adults found no evidence of an inverse
association between atopy and autoimmune disorders."'
The discovery of genes with alleles exerting opposite
effects in the 2 disorders would provide support for
some of the clinical and epidemiologic observations.

Therefore, we investigated whether the Ty2-related
phenotype total circulating IgE and the Tyl-mediated
disease type 1 diabetes share genetic loci. Testing whether
total circulating IgE and type 1 diabetes share genetic
loci requires that susceptibility loci for both phenotypes
have unequivocal statistical support for their associations.
Aside from various associations in the HLA region, both
diseases have been associated with several non-HLA
loci. In type 1 diabetes, 2 immunoregulatory genes,
CTLA4 and PTPN22, both of which influence T-cell
activity and expansion, are established susceptibility loci
for the disease. Another candidate gene region, containing
IL2RA, which encodes an essential surface receptor
(CD25) for the differentiation and activity of T-regulatory
cells, has recently been associated with type 1 diabetes.'?
In atopic illness and IgE production, several genes have
been implicated, most notably those encoding the cyto-
kine IL-13 (Table I), which is a positive regulator of IgE
production, and also IL-4 and its receptor IL-4Ro.. Our
study aims to find genetic markers that are associated
with total serum IgE levels. We note that such markers,
although useful in aiding prediction of total serum IgE
levels that are commonly observed in atopy, may not be
sufficient in the prediction of incidence of clinical disease
on their own.

Polymorphisms in /L3 were considered major candi-
dates for our association study, not only because 10 inves-
tigations have published associations between IgE levels
and /L/3 variants (Table I), but also because of the avail-
ability of some functional data.'*"' IL-13 plays a crucial
role in Ty2-cytokine—mediated immune responses, and
its signaling pathway is important in the pathogenesis of
allergic disease.'®!” Previous studies showed that the
Arg110GIn variant in /L13 is associated with raised total
serum IgE level® and asthma.'® In vitro studies show
that the GIn110 variant represents a more active form
than the Argl10 variant in promoting effector pathways
of allergic inflammation.'*"'* Functional properties have
also been attributed to the /L/3 promoter single nucleotide
polymorphism (SNP) at position —1024 C>T (also re-
ferred to as —1055,-1111,-1112), located in a region con-
taining a nuclear factor of activated T cells transcription
factor binding site; the T allele of this —1024 C>T SNP
is associated with greater IL-13 production by stimulated
T cells.”®
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Polymorphisms in IL4RA have been associated with
atopic phenotypes: the [le50Val (+ 148 A>T), Cys406Arg
(+1216 T>C), Serd78Pro (+1682 T>C), and GIn551Arg
(+1902 G>T) variants have shown association with in-
creased risk for asthma®'?* and atopy,”"** but a large
study cohort of German children reported that /L4RA
polymorphisms only have a minor effect on total serum
IgE levels.**

We were also interested in whether the previously pub-
lished association between IgE levels and the +49A>G/
1s231775 SNP in CTLA4 using a Dutch population
with asthma® could be replicated in an independent data
set. The same group also studied CTLA4 —1147C>T/
rs16840252 SNP, which was previously associated with
bronchial hyperresponsiveness and asthma.?” In contrast
with the study by Howard et al,>> Munthe-Kaas et al*¢
could not detect associations between IgE levels and
the +49A>G/rs231775 and —1147C>T/rs16840252 vari-
ants, but found P values < .05 between IgE levels
and the CTLA4 variants MH30/C (rs231806), CT60/A
(rs3087243), JO31/T (rs11571302), JO30/A (1s7565213),
and JO27_1/C (rs11571297). Intriguingly, the alleles posi-
tively associated in the study by Munthe-Kaas et al*® are
negatively associated with type 1 diabetes and other autoim-
mune-mediated diseases,”’ providing suggestive evidence
of a genetic basis for the proposed inverse relationship
between atopic illness and type 1 diabetes.

We also analyzed a further 4 loci for association with
total IgE levels: the B-chain of the high-affinity receptor
for IgE (FceRI-B) gene (FCERIB, MS4A2) on chromo-
some 11q13 was previously associated with atopy28 and
asthma®’; variants in ILI2B on chromosome 5q31-g33
have also been studied for association with asthma and
IgE levels®**3%; and a nonsynonymous SNP in the
TBX21 (also called TBET) gene (His33Glu, rs2240017),
the gene product of which is implicated in the initiation
of Tyl lineage development and is capable of switching
cytokine profiles from Ty2 polarized immune responses
toward a Ty1-like profile.*?

We also included the coding SNP in the hematopoietic-
specific tyrosine phosphatase LYP (PTPN22; Arg620Trp,
1s2476601), associated with several autoimmune diseases,
including type 1 diabetes.>** In addition, we speculate
that the major regulatory mechanisms of the peripheral
immune system, T regulatory lymphocytes, could well in-
fluence susceptibility of both type 1 diabetes and atopy
illness. Therefore, we have also tested allelic variation in
the IL2RA/CD25 gene'? for association with IgE levels.

METHODS

Description of the British 1958 Birth Cohort

The British 1958 Birth Cohort (also known as the National Child
Development Study) includes all births in England, Wales, and
Scotland during 1 week in 1958 (http://www.cls.ioe.ac.uk/studies.
asp?section=000100020003). Survivors have been followed up by
parental interview and school medical examination at ages 7, 11,
and 16 years, and by cohort member interview at 23, 33, and 41 years.
Immigrants of the same dates of birth were identified at ages 7, 11,
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TABLE I. Polymorphisms in /L13 previously found to be associated with allergic disease, IgE levels, skin test (ST)
reactivity, or bronchial hyperresponsiveness

Sample size and

SNP Reference Association study population

—1512A>C (rs1881457) 18 Associated with higher IgE levels in skin test 1399 white children
positive children (P < .005) (United States, Germany)

—1024C>T (rs1800925) 18 Associated with higher IgE levels in skin-test 1399 white children
positive children (P < .005) (United States, Germany)

65 T allele associated with asthma (P = .004), 184 probands and spouses

bronchial hyperresponsiveness (P = .003), (The Netherlands)
positive ST (P = .03)
45 NA 188 patients with allergic rhinitis
(China)
44 T allele associated with higher total serum 823 children and 382 trios
IgE (P = .0002) (Germany)
20 TT genotype with allergic asthma (P = .002), 101 patients with allergic asthma
TT genotype associated with reduced (The Netherlands)
inhibition of IL-13 production (P < .002)
66 T allele associated with atopy (P = .0087) 238 atopic patients and 104 controls
(Denmark)

67 NA 329 children (Denmark)

46 NA 207 European American children
+1923C>T (rs1295686) 46 NA 207 European American children
+2044G>A Argl10GIn (rs20541) 18 A allele associated with higher IgE levels in 1399 white children (United States,

skin test positive (P = .00002) and skin Germany)
test negative children (P = .05)
65 NA 184 probands and spouses
(The Netherlands)
68 NA 83 nuclear families (Costa Rica)
44 A allele associated with higher IgE levels 823 children and 382 trios
(P < .0001 for AA) in 823 children and in (Germany)
382 trios (P = .02)
19 A allele associated with higher IgE levels 267 patients with atopy and 228 with
(P = .006) and bronchial asthma (P = .04) bronchial asthma (Germany)
45 A allele associated with higher IgE levels 188 patients with allergic rhinitis
(P =.04) (China)
67 AA genotype associated with atopic dermatitis 326 children (Denmark)
(P = .01) and positive ST (P = .05)
46 A allele associated with increased total IgE 207 European American children

(P = .0026)

NA, Not associated.

and 16 years and followed into adulthood, but adult immigrants (after
age 16 years) have not been included. The cohort has previously been
influential in advancing understanding of the natural history*®*” and
epidemiologic features**-**4° of allergic diseases.

This work relates to analyses of DNA from as many as 4570
white subjects recruited in the first half of the fieldwork period. These
were equally distributed by sex. Forty-six percent have always been
nonsmokers, 26% were exsmokers, 4% were occasional smokers, and
249 were current daily smokers. Subjects were distributed through-
out England, Wales, and Scotland. Because of changing DNA
resources in the laboratory over time, certain DNA samples were
unavailable for some SNP assays and available for others.

A biomedical assessment of cohort members at age 44 to 45 years
included measurement of total serum IgE. Total IgE was assayed by
the HY TEC automated enzyme immunoassay*' (Hycor Biomedical,
Edinburgh, United Kingdom) in a single laboratory (Royal Victoria
Hospital, Newcastle). Specimens were processed in monthly batches

over a period of 18 months of fieldwork, and the results are adjusted
for batch in the statistical analysis. The lower limit of detection was
1 kU/L (14 individuals), and the upper limit was 2000 kU/L (17
individuals).

Genotyping

Invader (Third Wave Technologies, Madison, Wis) and TagMan
(Applied Biosystems, Warrington, United Kingdom) genotyping
technologies were used. All genotyping data were scored by 2 inde-
pendent researchers. Sequences of primers and probes used for
genotyping are available on request. Note that the /L/2B deletion/
insertion polymorphism (DIP) originally described by Morahan
et al*? is not a 4-bp deletion but a CTCTAA/CG 6 or 2-bp polymor-
phism as determined by direct sequencing of this complex variant
(Payne F, Todd JA, Unpublished data, March 2006). All SNP geno-
types were in Hardy-Weinberg equilibrium (P > .05).
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TABLE Il. Association of /L13 candidate SNPs with total serum IgE levels in as many as 3615 British adults
Variant DNAs tested MAF (%) Genotypes N (%) Mean log+o(IgE) SD P (1 df* P (2 dh*
5-1512A>C 3615 17.8 AA 2451 (67.8) 1.43 0.62 .00003 .00002
rs1881457 AC 1047 (29.0) 1.48 0.66

CcC 117 (3.2) 1.67 0.64
5-1024C>T 3595 18.0 CcC 2428 (67.5) 1.44 0.63 .0009 .0009
rs1800925 CT 1049 (29.2) 1.48 0.66

TT 118 (3.3) 1.65 0.62
+1923C>T 3576 18.1 CcC 2416 (67.6) 1.43 0.63 .0007 .0011
1rs1295686 CT 1052 (29.4) 1.47 0.65

TT 108 (3.0) 1.62 0.68
+2044G>A 3493 18.0 GG 2427 (67.6) 1.44 0.63 .0003 .0005
Arg110GIn GA 1047 (29.1) 1.48 0.65
1520541 AA 119 (3.3) 1.61 0.67

MAF, Minor allele frequency.

*1 df and 2 df test of heterogeneity, adjusted for batch, sex, region, and smoking status.

Statistical analysis

Statistical analyses were performed within STATA version 8
(www.stata.com). Particular use was made of routines available from
http://www-gene.cimr.cam.ac.uk/clayton/software/stata. Reported
P values are not corrected for multiple testing because of a previous
hypothesis and nonindependence of tests.

Total IgE was log;o transformed, thus ensuring it was approxi-
mately normally distributed. The censored values (n = 31) were set
to the mean of their expected values given the observed data, assum-
ing a log normal distribution for log;q(total circulating IgE).

Regression models were used to test for an association between
log-transformed total IgE levels and genotype at each locus. Analyses
were restricted to white subjects and adjusted for sex, laboratory batch,
geographic region (12 categories), and smoking habit (4 categories).

For most purposes, analyses included genotype at each locus
as 3 groups, deriving 1 df and 2 df significance tests. The 1 df test
assumes a linear relationship between the number of minor alleles
and log total IgE, whereas the 2 df test allows for dominant or reces-
sive effects. For IL12B and FCERIB, sets of tag SNPs were used to
capture the common variation throughout the gene (Payne F, Todd
JA, Unpublished data, March 2006), and a multilocus test was used
to assess statistical significance.'>*?

Stepwise regression allowed us to test whether a single SNP could
explain the association of other SNPs in the same gene.** To investi-
gate haplotype effects at /L/3, haplotypes were generated by using
snphap (www-gene.cimr.cam.ac.uk/clayton/software/) and then ana-
lyzed by regression using the posterior probabilities as weights.

RESULTS

Association of total serum IgE levels
and IL13 variants

Genotyping was performed in as many as 3615 DNA
samples of subjects with total IgE level measurements.
We genotyped 4 SNPs in IL13: 5'-1512A>C/rs1881457,
5'-1024C>T/rs1800925, +1923C>T/rs1295686, and
+2044G>A/Argl110GIn/rs20541. Evidence for associa-
tions of log IgE with all 4 IL13 SNPs was obtained, with
P values in the range of .001 to .00002 (Table II). For
all 4 SNPs, the minor allele was associated with higher
IgE levels than the major allele. The frequencies for the
4 main haplotypes (AG, AA, CG, CA) correspond to

75.6%, 6.6%, 6.4%, and 11.3%, respectively. Tests inves-
tigating the possibility of a haplotype that shows stronger
association than either of the 2 most associated SNPs
(5'-1512A>C/rs1881457 and +2044G>A/Arg110GIn/
152054 1) did not provide evidence of a haplotype effect
(P = .76). The 5'-1512/rs1881457 SNP alone accounted
for 0.59% of the phenotypic variance, compared with
0.69% for all 4 SNPs combined, and in multiple regression
analyses explained the associations of the other 3 SNPs
with log IgE.

Association of IgE levels with variation in
atopy-related candidate genes IL4, IL4RA,
IL12B, FCER1B, and TBET

We genotyped 8 SNPs in the /L4RA gene on chromo-
some 16pl1-pl12 (IL4RA; 5'-3223/rs2057768, Tle50Val/
151805010, Glu375Ala/rs1805011, Cys406Arg/rs1805012,
Ser411Leu/ rs1805013, Ser478Pro/rs1805015, GIn551Arg/
rs1801275, Ser761Pro/rs1805014), 1 SNP in the IL-4
gene on chromosome 5q31 (/L4; 5'-524/rs2243250), and
2 previously studied variants in ILI2B (promoter/5 DIP/
$s28514857, 3'untranslated region/Tagl site/rs3212227).
In addition, 6 tag SNPs were genotyped in /L/2B and
5 tag SNPs for FCERIB/MS4A2 (Payne F, Todd JA,
Unpublished data, March 2006).

The GIn551Arg variant in /L4RA showed some evi-
dence of association with IgE levels (Table III; P = .01),
but there was no support for an association of ILI2B
and TBET polymorphisms with IgE levels (Table III).
Multilocus tests for association of log IgE with variation
in ILI12B and FCERIB provided no support for associa-
tion: IL12B, 6 tag SNPs, P = .74, (6 df); FCERIB, 5 tag
SNPs, P = .61 (5 df).

Association of IgE levels with variation in
type 1 diabetes-associated genes, CTLA4
and PTPN22, and the type 1 diabetes
candidate gene IL2ZRA/CD25

There was no evidence of association of the type
1 diabetes susceptibility genes CTLA4 and PTPN22 with
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TABLE lll. Association of variants in atopy candidate genes with IgE levels

Gene and variant DNAs tested MAF (%) Genotypes N (%) Mean logqo(IgE) SD P (1 df* P (2 dN*
L4 1612 13.4 TT 1225 (76.0) 1.44 0.64 .09 24
5'-524T>C TC 354 (22.0) 1.50 0.67

1$2243250 CC 33 (2.0) 1.56 0.61

IL4RA 1613 29.2 CC 784 (48.6) 1.45 0.64 .57 .55
5'-3223C>T CT 656 (41.97) 1.45 0.67

152057768 TT 126 (8.18) 1.51 0.54

IL4RA 1569 45.0 AA 460 (29.3) 143 0.66 33 .62
Tle50Val AG 805 (51.3) 1.46 0.65

rs1805010 GG 304 (19.4) 1.49 0.60

IL4RA 1604 11.9 AA 1248 (77.8) 1.47 0.65 18 .35
Glu375Ala AC 331 (20.6) 1.43 0.66

rs1805011 CC 25 (1.6) 145 0.55

IL4RA 1665 11.2 TT 1309 (78.6) 1.47 0.65 .20 33
Cys406Arg TC 334 (20.1) 1.42 0.66

rs1805012 CC 22 (13.2) 1.46 0.59

IL4RA 1642 5.8 CC 1491 (90.8) 1.46 0.65 .62 .70
Ser411Leu CT 146 (8.9) 1.45 0.66

rs1805013 TT 5(0.3) 1.35 0.29

IL4RA 1624 17.2 TT 1103 (67.9) 1.47 0.65 24 .50
Ser478Pro TC 478 (29.4) 1.44 0.65

11805015 CC 43 (2.7) 1.42 0.58

IL4RA 1660 22.6 AA 984 (59.3) 1.49 0.65 .01 .04
GIn551Arg AG 604 (36.4) 1.42 0.65

rs1801275 GG 72 (4.3) 1.40 0.63

IL4RA 1632 0.8 TT 1606 (98.45) 1.46 0.65 .69 .69
Ser761Pro TC 26 (1.55) 1.50 0.60

rs1805014 CC 0 (0) — —

ILI2B 4570 49.7 6bp/6bp 1124 (24.6) 1.44 0.61 .36 .09
Promoter DIP 6bp/2bp 2297 (50.3) 1.49 0.63

1s17875299 2bp/2bp 1149 (25.1) 1.46 0.64

ILI2B 4568 19.8 AA 2950 (64.6) 1.46 0.62 17 .39
3'UTR/Taq1 (A>C) AC 1446 (31.7) 1.49 0.63

rs3212227 CcC 172 (3.8) 0.64 0.64

TBET 3647 2.6 CC 3463 (94.9) 1.45 0.64 91 45
His33Glu CG 182 (5.0) 1.48 0.67

rs2240017 GG 2 (0.1) 1.00 0.06

MAF, Minor allele frequency; UTR, untranslated region.

*1 df and 2 df test of heterogeneity, adjusted for batch, sex, region, and smoking status.

IgE levels (Table IV). In addition, genotyping of 20 tag
SNPs in the type 1 diabetes candidate gene CD25'? did
not provide evidence of association (P = .12; 20 df).

DISCUSSION

Our results confirm the association of the IL-13 gene
with IgE levels (Table II) and concur with previous reports
of the variant allele being associated with higher IgE
levels. '3 124446 For the first time, we provide evidence
that the 5'-1512A>C/rs1881457 SNP might alone account
for the association of the IL-13 gene with total IgE in this
national sample of the middle-aged British population. We
note that functional studies that investigated /L/3 poly-
morphisms have not studied the potential effects of the

5'-1512A>C/rs1881457 SNP. The SNPs with functional
data, namely 5-1024C>T/rs1800925 and Argl10Gln/
1s20541,'3120 are associated with total IgE in our study
but do not appear to have genetic effects in addition to
that of 5'-1512A>C/rs1881457. However, in the absence
of functional studies investigating all /L/3 SNPs, it is
impossible to exclude the presence of several functional
SNPs in the region. It is also possible that the causal
variant remains untyped or even undiscovered, lying
elsewhere in this chromosome region, perhaps regulating
IL-13 expression, but is in linkage disequilibrium with the
currently typed SNPs. This possibility can be evaluated
only by assembling and analyzing a complete polymor-
phism and linkage disequilibrium map of the entire region
in a large sample set, thereby defining subregions in
which a causal variant is unlikely to exist. Nevertheless,
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TABLE IV. Association of variants in type 1 diabetes-related genes, CTLA4 and PTPN22
Gene and variant DNAs tested MAF (%) Genotypes N (%) Mean logqo(IgE) SD P (1 dh* P (2 dh*
CTLA4 1607 14.7 CcC 1178 (73.3) 1.46 0.65 98 44
—1147C>T CT 388 (24.1) 1.44 0.65
rs16840252 TT 41 (2.6) 1.58 0.70
CTLA4 1631 38.3 GG 622 (38.1) 1.43 0.65 .24 .35
+49G>A AG 763 (46.8) 1.48 0.65
rs231775 AA 246 (15.1) 1.47 0.64
CTLA4 3598 46.1 GG 1077 (29.9) 1.46 0.63 42 .65
+6230G>A GA 1731 (48.1) 1.45 0.63
rs3087243 AA 790 (22.0) 1.44 0.64
PTPN22 3562 9.7 CcC 2898 (81.4) 1.45 0.64 79 .83
Arg620Trp (C>T) CT 631 (17.7) 1.44 0.64
2476601 TT 33 (0.9) 1.47 0.56

MAF, Minor allele frequency.

*1 df and 2 df test of heterogeneity, adjusted for batch, sex, region, and smoking status.

the previous functional studies of /L/3 and its SNPs
strongly suggest that /L13 is the causal gene for raised
IgE levels and atopy risk.

We hypothesized that /L3 alleles predisposing to high
IgE levels, which are part of T2 responses, might show
an inverse effect on Tyl-associated type 1 diabetes. Our
data do not lend support for such a mechanism, because
we had previously shown that these IL/3 SNPs are not
associated with type 1 diabetes in as many as 3266 type 1
diabetes cases and controls and as many as 748 type 1
diabetes families, including taking into account genotypes
at the /L4 and IL4RA loci."’

Similarly, there is unequivocal evidence that CTLA4
and PTPN22 are associated with type 1 diabetes (and
indeed many other autoimmune diseases, because both
loci have been identified as autoimmune loci rather than
being specific to type 1 diabetes).””*>**" Neither of
these genes or their SNPs showed any effect on IgE levels
in our sample, nor did the type 1 diabetes candidate gene
IL2RA/CD?2S5. Furthermore, the genes encoding IL-4 and
its receptor, IL-4Ra, are not associated with IgE levels
(Table IIT) or with type 1 diabetes.*” This also applied to
the 3 other candidate genes, IL/2B, TBET, and FCERIB
(Table III). It is noted that associations between type 1 di-
abetes and SNPs in /L/2B have been repor[ed,ﬂ'53 but
these failed to be replicated by others,** >’ including our
unpublished observations. TBET and FCERIB are also
not associated with type 1 diabetes (Bailey R, Todd JA,
Unpublished data, March 2006; Payne F, Todd JA,
Unpublished data, March 2006).

Inconsistencies with previously published studies of the
role of IL4RA,** CTLA4,>>° and ILI2B**> variants in
the control of total serum IgE levels may be caused by sev-
eral factors. Twin studies on the heritability of total IgE
levels have reported that 40% of the variance in IgE is a
result of environmental factors,' implying that allergens
and pharmacologic, dietary, and infectious stimuli are
likely to present parameters to consider for comparisons
of studies investigating different populations in which
environmental factors are important. In addition, hetero-
geneity in allele frequencies, true differences in IgE

associations between populations, ascertainment bias,
and methods of analyses present plausible explanations
for nonreplication of genetic association studies, because
these were performed in different countries across Europe,
Asia, and North America. Potentially the most important
factor described in the literature, however, is the use of
small sample sizes that are statistically inadequate to de-
tect a true genetic effect.’***% For a complex trait such
as total serum IgE levels, studies using small sample sizes
have minimal statistical power to detect plausible genetic
effects. An effect size of a 5% increase in log(IgE), for
example, will need a sample size in excess of 2000 in-
dividuals to ensure a low type 2 error probability. A con-
vincing genetic susceptibility finding requires replication
in independent, large sample sizes from the same popula-
tion and ethnic group. With a size of as many as 4570 sam-
ples, our study is the largest so far attempting replication
of previously reported SNPs associated with total serum
IgE levels.

Finally, we remark on the size of the IL13 effect and its
implications. The /L13 association with IgE and atopic ill-
ness is widely published, and is confirmed here, indicative
that it is a true effect and not a false-positive result,>-0164
and that SNPs within or very near the IL-13 gene are
causal. Yet despite their prominence in the literature and
their known direct biological effects on IgE levels, the
IL13 SNPs account for only 0.69% of the phenotypic
(ie, log IgE) variance. We would, therefore, not recom-
mend too large an investment in exploratory genotyping
in sample sizes smaller than were used here.

In conclusion, our results have significant implications
for the design of reliable studies to locate and confirm
other genes regulating IgE levels and contributing to
atopy, not least that sample sizes will have to be large,
consisting of several thousands of subjects. Because we
have previously reported that /L/3 variants are not asso-
ciated with type 1 diabetes, and as shown here, other
type 1 diabetes susceptibility variants do not influence
IgE levels, we conclude that the proposed inverse associ-
ation of atopic illness and type 1 diabetes is not explained
by these genetic variants. We note that our negative
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findings for other cytokine genes do not rule out the pos-
sibility that application of these molecules clinically might
have therapeutic benefits.
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