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Background: IgE is a major determinant of allergic disease.
Twin analysis of serum levels of IgE has been carried out pre-
viously in children and adults with heritability estimates of
30% to 70% on the basis of ANOVA.

Objective: This study included the analysis of serum IgE in a
population of 126 twins, 27 monozygotic pairs and 36 dizygotic
pairs, studied at birth (cord blood [CB] IgE) and consecutively
at the age of 6 to 9 years of age (serum IgE).

Methods: IgE was determined by means of RIA. ANOVA, cor-
relation analysis, and structural equation modeling by maxi-
mal likelihood analysis was used for genetic analysis.

Results: Structural equation modeling by maximal likelihood
analysis showed the best-fitting model to be the AE model (A
for additive genetic variance and E for environmental vari-
ance) both at birth and later in childhood. The estimated heri-
tability was 0.92 (95% CI, 0.84-0.95) for CB IgE and 0.78
(95% CI, 0.60-0.87) for serum IgE. The correlation between
CB IgE and serum IgE was 0.04.

Conclusions: The study demonstrated a higher genetic depen-
dency of serum IgE than previously recognized. The low corre-
lation between the IgE levels at birth and later in childhood
suggested that different effector mechanisms may be operating
at different ages. (J Allergy Clin Immunol 2001;107:659-63.)
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IgE has been shown to be a major determinant of allergic
disease.!-3 Atopy is a familial syndrome underlying asthma,
eczema, and allergic rhinoconjunctivitis and is characterized
by the presence of serum IgE antibodies to allergens, as well
as elevated total serum IgE concentrations and eventually
eosinophilia. Several chromosomes have been suggested to
harbor candidate genes for asthma and atopic disease,
including chromosome 11q and chromosome 5q.*> Howev-
er, it appears that alleles at multiple loci may be involved in
the complex cause of asthma and allergies.
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Studies of monozygotic (MZ) and dizygotic (DZ)
twins can provide important information on the relative
influence of genetic and environmental risk factors on
diseases. Several studies in twins, both adult and children,
have indicated a significant genetic influence on serum
IgE levels with heritability levels of 30% to 70%.6-8 In a
previous study of twins, our data on IgE in cord blood
(CB) IgE suggested a substantial genetic influence on the
levels of CB IgE.% In the present study we investigated
consecutive samples from nonselected twins at birth and
at 6 to 9 years of age for serum IgE levels, an approach
that, to our knowledge, has not been done before. The aim
of the study was to explore the nature and magnitude of
genetic influences on interindividual differences in serum
IgE levels among children to find out whether genetic
influences on IgE changes with time and furthermore to
evaluate whether CB IgE and serum IgE later in child-
hood are influenced by common genetic factors.

METHODS
Twin population

The study consisted of twins born in the counties of Funen and
Aarhus in Denmark during the period from 1989 to 1992. The twins
who participated in our previous study on genetic influences on CB
IgE were all born in the county of Funen. At the follow-up, twins
from both counties participated. Of a total of 198 subjects with
available CB IgE, 126 children agreed to take part in the present fol-
low-up study on serum IgE. Parental informed consent was obtained
from the parents of the children. Table I shows sex, distribution,
zygosity, and age of the twin population. No sets of twins with a
parent in common participated in the study.

Interview

At the time of follow-up, when the twins were 6 to 9 years of age,
their parents underwent a structured interview to determine the pos-
sible presence of allergic disease. The interview was based on a
questionnaire that was a translated version of the ISAAC study ques-
tionnaire.10 The interview included details of atopy, dietary history,
housing conditions, pets, smoking, socioeconomic data, respiratory
tract infections, wheezing, atopic dermatitis, adverse reactions to
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FIG 1. Path model for the influences on serum IgE in twins. The
influences are divided into additive factors (A), genetic domi-
nance factors (D), and shared (C) and nonshared (E) environmen-
tal factors. Additive genetic factors and genetic dominance fac-
tors are both perfectly correlated in MZ twins, whereas in DZ
twins the correlation between additive genetic factors equals one
half and the correlation between genetic dominance factors
equals one fourth.

TABLE |. Study population by zygosity

Zygosity N (pairs) Mean + SD  Correlation
CB IgE MZ 27 0.17£0.18 0.88
DZ 36 0.69 = 1.8 0.46
Serum IgE MZ 27 193.22 £ 316.92 0.8
DZ 36 104.74 + 238.51 0.38

foods, and other possible signs of atopic disease. Current atopic dis-
ease defined as manifestations of the disease within the previous 12
months was diagnosed according to the criteria mentioned below.

Asthma was defined as 3 or more episodes with expiratory
wheezing diagnosed by a physician and requiring treatment with 3,-
agonist, inhaled steroids, or both.

Recurrent wheezing was recorded when the child had a history
of at least 2 episodes with expiratory wheezing. The wheezing was
nearly always associated with upper respiratory tract infection and
was diagnosed by a physician.

Atopic dermatitis was diagnosed if physical examination showed
areas of scaly, erythematous, and itchy eczematous rash primarily of
the face and scalp, behind the ears, and at the flexure folds. Only
eczema localized to at least 2 typical areas was recorded.

Gastrointestinal symptoms were defined as recurrent colic, vom-
iting, and/or diarrhea after excluding ordinary eating problems,
coincidental infections, and lactose intolerance.

Food allergy/intolerance was diagnosed by means of 2 generally
accepted criteria: (1) definite disappearance of symptoms after each
of 2 dietary eliminations of the food in question and (2) recurrence
of identical symptoms after one controlled challenge.

Physical examinations of the twins were performed by one of the
authors (H.PJ., AM.H., or S.H.), and the children’s individual case
history and personal data were recorded.

Genetic analysis

The CB IgE and serum IgE data were analyzed for deviation
from Gaussian distributions by determination of skewness and kur-
tosis. Because the model-fitting procedures assume normally dis-
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tributed CB IgE and serum IgE, data were transformed by using the
natural logarithm. The effect of sex on CB IgE and serum IgE lev-
els, respectively, was analyzed with ANOVA.

For many years, researchers have used the method of twin analy-
sis described by Falconer,!!:12 which estimates the heritability as
the difference between phenotypic correlations for identical and fra-
ternal twins (H2 = 2 [ryz — rpz])- This method is simple; however,
it assumes that all genetic effects are additive and tends to overesti-
mate heritability in the case of genetic intralocus interaction (dom-
inance) or interlocus interaction (epistasis).

Model-fitting procedures are increasingly used to analyze data from
twin studies because these methods allow us to test competing hypothe-
ses about the nature of genetic and environmental influences on the trait
(ie, whether twin similarity is a result of additive genetic effects, genet-
ic dominance, or shared environmental effects or whether more than
one of these are required to explain the data). In this study proportions
of variance attributable to genetic and environmental factors were
assessed from variance-covariance matrices by using the structural
equation model approach,!3 with Mx used as statistical software.!4

The path diagram in Fig 1 illustrates the univariate model for
decomposing variance in CB IgE or serum IgE. Lower case letters
represent genetic and environmental loadings on the trait. The total
phenotypic variance can be decomposed into 2 genetic and 2 envi-
ronmental components. Additive genetic factors (A) are the effects
of genes taken singly and added over multiple loci, whereas genet-
ic dominance (D) represents genetic interaction (within loci).
Shared environmental effects (C) are the environmental effects that
are shared by family members, and nonshared environmental effects
(E) are the environmental influences that are unique to each indi-
vidual and not shared by family members. The diagram indicates
how each type of factor contributes to the covariance within an MZ
or DZ twin pair. Additive genetic factors and genetic dominance are
perfectly correlated in MZ twins, whereas DZ twins, like ordinary
siblings, share only half of the additive genetic effects and one quar-
ter of the genetic dominance effects. Shared environmental effects
are assumed to be equal in MZ and DZ twins. The model assumes
negligible effects of assortative mating, epistasis, genotype-envi-
ronment interaction, or correlation.

Model fitting was performed by using maximum likelihood analy-
sis, and the selection of the best-fitting model was based on the fol-
lowing 3 criteria: (1) a nonsignificant P value in the %2 goodness of fit
test; (2) minimizing the Akaike information criterion (AIC = %2 — 2 x
df); and (3) no parameter could be eliminated from the model without
a significant increase in the %2 goodness of fit statistic. This approach
reflects a balance between goodness of fit and parsimony.

Heritability was computed as genetic variance divided by total
phenotypic variance. Genetic and environmental variances were
derived from the best fitting model.

Laboratory methods

At birth, CB was obtained by means of cannulation. Blood sam-
ples were examined for levels of IgA. If the CB IgA level was above
39 mg/L, the sample was considered to be contaminated with mater-
nal blood, and the twin and the cotwin were excluded from the
study.® Serum IgA was determined with Luminometric Immuno
Assay (ALK A/S Denmark).

Twin zygosity was determined by 15 to 17 blood serum and
enzyme types: ABO, MNS, Rhesus, K, Fya, Hp, *Gc, Tf, PGM-1,
Acp, GPT, EsD, GLO, AK, PGD, AFA, and GLT/Gt. Twins were
classified as DZ if they were discordant for one or more of those
types and MZ when all types were concordant.

IgE levels were determined by using PRIST (Pharmacia, Uppsala,
Sweden). The blood samples were examined for IgE antibodies to a
mixture of several inhalant and food allergens (Phadiatop, Pharma-
cia). If positive, sera were further examined for specific antibodies.
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FIG 2. Scatter plot on a logarithmic scale of CB IgE versus serum IgE (S-IgE). Correlation between CB IgE

and serum IgE is low (0.04).
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RESULTS

In the 126 subjects studied, the cumulative incidence
of asthma was 11.1%, the cumulative incidence of atopic
dermatitis was 13.5%, and the cumulative incidence of
rhinoconjunctivitis was 8.7%. Serum IgE levels did not
show any statistically significant difference between the
atopic and nonatopic subjects.

ANOVA showed no significant effect of sex on CB
IgE or IgE. Therefore data were not adjusted for differ-
ences in means between male and female subjects. Intra-
class correlations for both CB IgE and serum IgE were
significantly higher in MZ twins than in DZ twins, indi-
cating a substantial genetic contribution to CB IgE and
IgE variation (Table I). Biometric models for CB IgE and
serum IgE were applied separately. To find the most par-
simonious explanation of the observed pattern of resem-
blance in twins for CB IgE and IgE, respectively, 5 bio-
metric models were fitted to the normalized data (Table
II). In both cases the AE model (A for additive genetic
variance and E for environmental variance) gave the best
fit by AIC, indicating that additive genetic factors and
nonshared environmental factors were important for both
CB IgE and IgE levels. Pure environmental models (CE
and E) did not fit the data well. The genetic and environ-

mental contributions to variation in CB IgE and IgE for
the best-fitting model by AIC is shown in Table III. The
estimated heritability was 0.92 (95% CI, 0.84-0.95) for
CB IgE and 0.78 (95% CI, 0.60-0.87) for serum IgE. By
using the ACE model, shared environmental variance
was estimated to be 0.00 (95% CI, 0.00-0.32) for CB IgE
and 0.02 (95% CI, 0.00-0.49) for serum IgE. From Table
II, it can be seen that D and C can be excluded from the
ADE and ACE model, respectively, with only marginal
increase in x2, whereas exclusion of A from the model
results in a large increase in 2, suggesting a major role
for additive genetic factors.

When CB IgE and serum IgE were directly compared
(Fig 2), the correlation between CB IgE and serum IgE
was 0.04, indicating no substantial influences of com-
mon genetic or environmental factors on the 2 traits.

Exclusion of outliers did not change any of the above
results.

DISCUSSION

The results of this study show a high genetic depen-
dency of serum IgE estimated to be in the order of 75%
to 85%, which is considerably higher than in previously
published studies. The methodology for IgE determina-
tion showed a technical variability far below the biolog-
ic variability. Furthermore, the statistical methodology
with biometrical modeling enabled 95% confidence lim-
its to be made that, to our knowledge, were not used in
previous studies of serum IgE. The confidence limits for
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TABLE Il. Biometric models for CB IgE and serum IgE
Model fit index

Model %2 df P value AIC
CB IgE AE* 5.50 4 0.24 -2.5
ADE 5.35 3 0.15 -0.65
ACE 5.50 3 0.14 -0.48
CE 28.20 4 0.00 20.2
E 52.00 5 0.00 42.8
IgE AE* 1.87 4 0.76 -6.14
ADE 1.86 3 0.6 —4.14
ACE 1.86 3 0.6 —4.14
CE 9.00 4 0.06 1.00
E 33.33 5 0.00 23.00

A, Additive genetic factors; D, genetic dominance factors; C, shared envi-
ronmental factors; E, nonshared environmental factors.
“Best-fitting model according to the AIC (AIC = 2 — 2 X dj).

TABLE Illl. Genetic and environmental contributions to
variation in CB IgE and IgE

Variance” caused
by additive genes
(heritability)

0.92 (0.84-0.95)
0.78 (0.60-0.87)

Variance” caused
by the nonshared
environment

0.08 (0.05-0.16)
0.22 (0.13-0.40)

CB IgE
Serum IgE

*Variances are standardized.

the heritability estimates, which depend on the sample
size, were 0.92 (95% CI, 0.84-0.95) for CB IgE and 0.78
(95% CI, 0.60-0.87) for serum IgE by using the AE
model. The study was done in a population of unselected
twins, adding further reliability to the heritability esti-
mate, which may otherwise be biased upward.

Elevated levels of total serum IgE are closely associat-
ed with allergic disease, as demonstrated in several stud-
ies.2:15 However, there is a considerable overlap between
the ranges of serum IgE values in healthy and allergic
subjects, 6 rendering IgE useless in the individual diag-
nosis of asthma or other allergies. The population in our
study contained both atopic and nonatopic subjects.
Atopy was defined according to accepted international
guidelines from the ISAAC study.!0.17 The study did
show most of the variation to depend on additive genetic
influence (Fig 1), and no discernible common environ-
mental influence was present.

Surprisingly, the data did not indicate any correlation
between the serum IgE levels at birth and at a later age
(Fig 2). This is at variance with studies where serum IgE
was measured at birth and at 6 months of age,!8 as well
as up to the age of 3 years.19 The present study was not
designed to evaluate consecutive changes in IgE levels
and only included 2 measurements caused by practical
and ethical constraints. However, the high heritability
estimates in our study at birth and at 6 to 9 years of age
combined with the low correlation of the IgE levels (Fig
2) suggest that different genetic factors regulate the
serum IgE levels at the 2 time points.
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The factors known to regulate IgE levels in particular
in experimental animals include Ty2-type cytokines,
such as 1L.-420.21 and IL.-13,22 as well as their receptors,
which are closely related and share the IL-4Ra chain.23
IgE produced by B cells and excreted from plasma cells
may further react in a noncognate fashion with effector
cells, such as mast cells, basophils, and T cells. To what
degree the levels of IL-4, IL-13, and other cytokines may
influence the fetus and newborn infant as opposed to
later life has been investigated in relation to later devel-
opment of allergy.24 High IL-4 levels seemed to deter-
mine the later development of allergy in one study,25
whereas low levels of IFN-y seemed to be more indica-
tive of the later development of atopy in another study.26

At the molecular genetic level, studies have investigat-
ed IgE antibody levels and IgE levels as markers of atopy
in nonselected and asthmatic populations. Specific IgE
antibody levels have been related to HLA class II anti-
gens, such as HLA-D on chromosome 6.27-29 Two
methodologies have been used to dissect the complex
genetics of increased levels of total IgE, positional
cloning, and candidate gene studies. Positional cloning
has identified several regions of interest, including chro-
mosomes 2q, 5q, 6q, 12q, and 13q.39 Linkage between
chromosome 11q13 and atopy, increased serum IgE lev-
els, and airway hyperresponsiveness has been reported.3!
However, other workers have reported no linkage
between these phenotypes and chromosome 11q13 in
different populations.3233 Chromosome 11q13 contains
the genes encoding the FceRI high-affinity IgE receptor
and the Clara cell secretory protein (CC16). Variations
have been identified within the gene for the FceRI 3
chain, and these were associated with atopic dermatitis.34
Furthermore, a polymorphism in the gene for CC16 was
associated with an increased risk of asthma,35 but this
observation was not confirmed in other populations.36
Linkage between chromosome 5q31 and IgE levels,
bronchial hyperresponsiveness,3’ and number of blood
eosinophils# has been reported. The cytokine gene clus-
ter located on chromosome 5q31 includes the gene
encoding IL-4, the IL4R gene is located to chromosome
16p12, and these genes or variations within these genes
have been associated with IgE levels,33 atopy,3940 and
FEV, in asthma.’

Recently, a mutation in the promoter region of the
gene for the leukocyte antigen CD14, which has been
mapped to chromosome 5q31-33, has been associated
with protection against increased serum IgE levels, as
well as asthma.#! CD14 is a glycoprotein present in tis-
sues in 2 forms: a membrane-bound form (mCD14)
present on monocytes and a soluble form (sCD14)
present in serum, as well as in human milk.42 CD14 func-
tions as a receptor for bacterial LPS.43 The CD14 mole-
cule may have important functions in the maturation of
the immune response as a protection mechanism against
the development of atopic disease.*4

Because of the present multitude of genes that may play
a role in elevated IgE levels and atopic disease, it seemed
justified to reanalyze, in a classical twin setting with novel
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techniques, the heritability levels of quantitative serum IgE
levels. The even higher heritability estimates obtained in
the present study underscores the importance of serum IgE
levels as an important avenue for further research. A par-
tial explanation of the difficulties in identifying solitary
genes responsible for atopic disease may lie in the fact that
different effector mechanisms may be operating at differ-
ent periods of development and perhaps even mutually in
the individual infant and child.
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