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Abstract
review

Asthma is a complex inflammatory disorder controlled by both genetic and environmental
influences. Multiple genetic analyses have identified the T helper type 2 (Th2) cytokine gene
cluster on chromosome 5q as a susceptibility locus for asthma. Recently, the Th2 cytokine
interleukin-13 has been shown to be a critical mediator of the asthma phenotype in murine
models. In this commentary we discuss several recent studies that have identified
polymorphisms in the gene encoding interleukin-13. The consistent genetic associations of
interleukin-13 with asthma and related traits across diverse ethnic populations in these
studies provides strong support for the candidacy of this cytokine as a susceptibility locus
for asthma and atopy on chromosome 5q31.
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reports

chromosomal region, IL-4 has been extensively studied
because it is known to be important in the differentiation of
T cells into Th2 cytokine-producing cells. A polymorphism
has been identified in the promoter of this gene
(–590C/T) [9] which was initially associated with elevated
serum IgE levels. This polymorphism has been associated
with asthma in some studies [10,11] but not in others
[12–14]. Thus attention has turned to other genes in this
region. Recent studies in animal models that support the
dominance of the gene encoding IL-13, which resembles
IL-4, in the allergic response have spurred an extensive
study of this molecule in susceptibility to asthma [15–17].
The gene encoding IL-13 is located only 25 kilobases
upstream of the gene for IL-4 and in the same orientation,

AHR = airway hyper-responsiveness; IL = interleukin; IL-4R = IL-4 receptor; IL-13R = IL-13 receptor; IRS = insulin receptor substrate;
NFAT = nuclear factor of activated T cells; STAT = signal transduction and transactivation; Th2 = T helper type 2.

primary research

Asthma is a complex inflammatory lung disease controlled
by both environmental and genetic factors. Although the
exact genes controlling susceptibility to asthma have not
been identified, several genome-wide searches have provided evidence for the linkage of asthma or asthma-related
traits (serum IgE levels, skin test reactivity, bronchial
hyper-responsiveness, blood eosinophils) to loci on multiple autosomal chromosomes [1–6]. Of particular interest
is the 5q31–33 region, which contains the T helper type 2
(Th2) cytokine gene cluster [interleukin (IL)-4, IL-13, IL-5
and IL-9] and has been linked to asthma or related phenotypes in many studies [2–8]. In addition to the linkage
data, many human and animal studies have implicated
these cytokines, either individually or in concert, in the
pathophysiology of asthma. Of the Th2 cytokines in this
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leading to the speculation that these genes arose as a
duplication event during evolution. In addition to their
structural similarities they share considerable functional
similarities. They are both known to have a number of
actions relevant to the asthmatic diathesis such as the
regulation of isotype class switching in B cells to IgE synthesis, induction of the expression of major histocompatibility complex II and CD23, the induction of adhesion
molecule expression on endothelial cells (vascular cell
adhesion molecule-1), chemokine production (eotaxin), the
activation of mast cells and eosinophils, and the inhibition
of proinflammatory gene expression (IL-1, tumor necrosis
factor and IL-6). This overlap in function is due to the
sharing of a receptor chain in their individual multimeric
receptor complexes (for review see [18]).
The unique IL-4 receptor (IL-4R), which is expressed primarily on cells of hematopoietic origin, is made up of the
common γ chain (γc) and the IL-4RA chain. The functional
IL-13 receptor complex is a heterodimer composed of the
IL-4RA chain and the IL-13RA1 chain. There is an additional IL-13-binding protein referred to as IL-13RA2. This
receptor chain binds IL-13, but not IL-4, with very high
affinity but does not seem to be important in signaling. At
present it is thought to serve as a decoy receptor,
because it has been found in soluble form in vivo. Interestingly, the receptor complex formed by IL-4RA and
IL-13RA1 also serves as a receptor for IL-4 in cells lacking
the γc chain.
Ligation of this complex results in tyrosine phosphorylation
of several signal transduction molecules including insulin
receptor substrate (IRS)-1 and IRS-2, and a member of the
signal transduction and transactivation (STAT) family,
STAT6. STAT6 is phosphorylated by Janus kinases (JAK1
or JAK3), followed by its dimerization and translocation to
the nucleus, where it binds to specific consensus
sequences found within the promoter regions of genes
regulated by IL-4 and IL-13. Sharing of the IL-4RA and
IL-13RA1 receptor complex explains many of the redundancies observed between these two molecules but does
not explain the accumulating evidence that these two
cytokines have unique actions in vivo [15,16,19,20]. One
hypothesis is that the relative distribution of the four receptor chains might dictate the importance of each of these
two cytokines on any given cell type. For example, it is
known that T cells do not express the IL-13RA1 chain, thus
explaining the lack of effect of IL-13 on T cell differentiation.
Furthermore, the presence of the γc chain has been shown
to decrease the binding of IL-13 to the receptor complex
[21]. It will be of interest to determine whether the presence of the IL-13RA2 chain favors IL-13 binding over IL-4.
Recent murine studies have identified IL-13 as a critical
mediator in the effector phase of the allergic airway
response [15–17]. Specifically, several groups have

shown that blockade of endogenous levels of IL-13 in sensitized mice by the administration of a soluble form of the
IL-13RA2, which binds only IL-13, reverses airway hyperresponsiveness (AHR) and pulmonary mucous cell hyperplasia [15,17], whereas the neutralization of IL-4 does not
[22]. Furthermore, when IL-13 is delivered as a recombinant cytokine to naive mice or is overexpressed in the
lungs of mice they develop a phenotype very similar to that
observed in human asthma (ie AHR, eosinophilic inflammation, mucous cell hyperplasia and subepithelial fibrosis)
[15–17]. In contrast, IL-4 transgenic mice do not develop
AHR or subepithelial fibrosis [23]. Taken together, these
studies suggest that, whereas IL-4 might be essential for
the initial differentiation of CD4 T cells into cells producing
Th2 cytokine, once IL-13 has been produced it is capable
of eliciting the entire allergic phenotype. This contention is
supported by the finding that IL-13 induces allergic
responses in mice lacking functional T cells [16]. Together
these findings demonstrate that IL-13 is a critical mediator
of the effector phase of allergic asthma in experimental
models. The importance of IL-13 in human asthma is supported by numerous reports of elevated IL-13 levels in the
lungs of asthmatic patients with or without atopy [24,25].
In support of the notion that IL-13 is a central mediator of
asthma, several groups have recently reported associations of polymorphisms in the IL-13 gene with various features of the asthmatic phenotype [13,14,26]. First, Van
der Pouw Kraan et al [26] described a C-to-T nucleotide
exchange at position –1055 in the putative IL-13 promoter. Comparison of the genotype at –1055 in an atopic
asthmatic group (n = 101) with that of a non-atopic
control group (n = 107) revealed a significantly higher frequency (P = 0.002) of homozygous –1055 T carriers in
the atopic asthmatic group in comparison with the nonatopic controls. In contrast, they found no association of
this polymorphism with total or specific IgE levels or
bronchial hyperresponsiveness in the patient group.
In an effort to determine the functional relevance of this
polymorphism, Van der Pouw Kraan et al examined the
association of the genotype at –1055 in IL-13 with IL-13
protein levels measured in vitro. They demonstrated that
subjects homozygous for –1055 T had significantly different levels of IL-13 from those in the –1055 CC or CT
genotypes (P = 0.0016 and P = 0.0002), respectively. As
this region contains a putative binding site for nuclear
factor of activated T cells (NFAT), they examined whether
altered binding of nuclear proteins to this region could
explain the differences in IL-13 promoter activity. They
report that the C to T change at –1055 results in increased
binding of nuclear proteins to this region of the IL-13 promoter. Interestingly, different NFAT proteins have been
shown to regulate IL-4 and IL-13 gene expression differentially. In particular, NFAT-c is thought to be a positive regulator, whereas NFAT1 and NFAT4 might act as repressors
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These findings were in contrast with the study by Heinzmann et al, in which association of Gln110→Arg was
found with total serum IgE levels in either of the populations studied. The reason for the discrepancy between
these studies is not entirely clear, but Heinzmann et al did
not examine skin test reactivity as a variable in their analysis. These results also differ from those of the Dutch group
in that they reported no association of the –1055T polymorphism with IgE levels, although their patient population
was selected as an atopic asthmatic group. Furthermore,
Graves et al [14] studied children, whereas the other two
studies were conducted with adults. Because IgE levels
change with age, this might have weakened the ability to
detect associations with IgE levels. The fact that Graves et
al found significant linkage disequilibrium between the
independent polymorphisms in the gene encoding IL-13,
including those examined in the studies by both van der
Pouw Kraan et al and Heinzmann et al, suggests that it will
be problematic to discern which, if any, of the polymorphisms described so far contribute to asthma and related
traits. Interestingly, one consistent finding in the above
studies was the lack of association of asthma [13] or total
serum IgE [14] with the previously identified IL-4 polymorphism (–590C/T). Furthermore, both studies reported that
there was no linkage disequilibrium between the –589
polymorphism in IL-4 and polymorphisms in the gene for
IL-13 [13,14]. A possible explanation for the previous
reports of associations of the IL-4 promoter polymorphisms with IgE is that IL-4 –589 is simply a marker for the

reports

The results of the modeling studies suggest that the
Arg130→Gln variant occurs (resides) in a site crucial for
ligand–receptor interactions. Thus Heinzmann et al
hypothesize that the expression of this variant might
result in a protein with enhanced binding affinity for its
receptor. However, so far they have no direct evidence
for this hypothesis. If their assumption is correct,
enhanced activity of IL-13 at its receptor could theoretically account for many of the features of the allergic phenotype (IgE, AHR, hypersecretion of mucus, eosinophilic
inflammation). It is also possible that this polymorphism

In a detailed analysis of the gene encoding IL-13, Graves
et al [14] identified seven polymorphisms in the human
gene for IL-13 in a screen of 30 unselected volunteers.
They report two promoter polymorphisms (–1512 and
–1112), one of which is the same (–1112) as that
described by van der Pouw Kraan et al. In addition, they
found five other variants in the IL-13 gene, one in the third
intron (+1923) and three in the 3′ untranslated region
(+2525, +2580 and +2749). They also identified the
variant described by Heinzmann et al, which they refer to
as Arg130→Gln. In an initial genotyping experiment of
286 white children enrolled in a longitudinal study of
asthma and allergy in Tucson, Arizona, they found that all
of the polymorphisms in the gene encoding IL-13 were in
tight linkage disequilibrium with Arg130→Gln. In a subsequent study they assessed the relationship between total
serum IgE and Arg130→Gln and the two polymorphisms
in the IL-13 promoter (–1112 and –1512) in three separate study populations of children (Tucson, P = 0.0023;
Leipzig, P = 0.0081; Munich, P = 0.0069); when all subjects were considered, they found stronger associations in
subjects with a negative skin test.

review

In a screen of more than 200 atopic subjects, Heinzmann
et al [13] identified a single variant (A4464G) in the terminal coding region of the gene for human IL-13 that results
in a predicted amino acid change in residue 110
(Gln110→Arg). To test for a genetic association with clinical asthma and IgE they conducted case control studies in
a British population (150 young adults with asthma and
atopy, and 150 controls) and a Japanese population (100
young adults with asthma and atopy, 100 subjects with
non-atopic asthma, and 100 controls). In the British subjects, Gln110 was significantly associated with asthma
(P = 0.014), whereas Gln110 was associated with both
atopic asthma (P = 0.033) and non-atopic asthma
(P = 0.047) in the Japanese population. Interestingly, they
did not find an association between this genotype and
serum IgE levels in either population (British, P = 0.10;
Japanese, P = 0.508). These results suggest that Gln110
is associated with asthma rather than atopy; however, the
inclusion of an atopic, non-asthmatic group in the analysis
might be needed to clarify this issue. In a follow-up population-based survey of genotype frequency in Japanese
schoolchildren aged 12–13 years (n = 290) they found a
significantly higher frequency of Gln110 in asthmatic children than in non-asthmatic children. When they examined
the association between serum IL-13 levels and Gln110
they found that children homozygous for Gln110 had significantly higher levels of IL-13 than did those homozygous
for Arg110. To begin to understand the biological activity
of the Gln110 variant of IL-13, they conducted computermodeling studies based on the assumed homology
between the IL-4 and IL-13 proteins.

could alter the stability of the IL-13 message or the
metabolism of the IL-13 proteins because it was associated with higher protein levels in the serum.

commentary

of Th2 cytokine production [27]. It will be of interest in the
future to determine whether in fact the expression of this
variant influences the relative binding of the individual
NFAT proteins. If this variant does indeed lead to the overexpression of IL-13, it could be an important susceptibility
locus for asthma; however, it would not explain the overexpression of the other Th2 cytokines because IL-13 is not
thought to influence Th2 differentiation. Despite the evidence for association of atopic asthma with this polymorphism, it is still entirely possible that this variant might be in
linkage disequilibrium with other regions of the IL-13 gene
or surrounding genes on chromosome 5q.
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polymorphisms in the gene encoding IL-13 or another
enhancer element.
Polymorphisms in the genes for both IL-4RA and IL13RA1 have been identified [13,28–31]. In fact, the gene
encoding IL-4RA is located on chromosome 16p12, a
region that has been linked to atopy and asthma in several
populations [29,30]. It was originally reported that a polymorphism at position Q576R of the gene for IL-4RA
resulted in enhanced activity of the receptor [28];
however, more recent studies suggest that the altered
receptor activity in cells from asthmatics might be due to
either a different polymorphism or a combination of polymorphisms within the gene [30–32]. Defects in the gene
encoding IL-4RA that result in an enhanced capacity to
signal could have a major effect on the immune response
as this receptor is necessary for the signaling of both IL-4
and IL-13. Specifically, enhanced activity of this receptor
could mediate both the IL-4-dependent differentiation of
Th2 cells and the IL-13-dependent processes mediating
the effector phase of the response.

gene, the contribution of surrounding genes on chromosome 5q (CD14 [33] or CNS-1[34]), or other as yet
unidentified polymorphisms within the gene for IL-13,
cannot be ruled out. Because asthma is a complex polygenic disease, it still remains to be determined whether
expression of the various IL-13 variants alone contributes
significantly to susceptibility to asthma or whether interactions with other genes (those encoding IL-4RA or
IL-13RA1) are required to alter function significantly. Taken
together with the accumulating biological evidence of the
importance of IL-13 in the pathogenesis of asthma, these
results support the contention that IL-13 might be involved
in promoting bronchial asthma in humans. The identification
of variants of IL-13 signaling in the development of asthma
and atopy in humans provides a focus for the development
of novel diagnostic and therapeutic strategies for asthma. It
is certain that these intriguing findings will fuel continued
studies into the specific pathways controlling susceptibility
to asthma in the foreseeable future.

References
1.

In contrast with IL-4RA, little is known about the role of IL13RA1, on chromosome Xq13, in susceptibility to atopy
and asthma. Heinzmann et al [13] have identified three
single-nucleotide polymorphisms in the IL-13RA1. An
analysis of the most common single-nucleotide polymorphism, A1398G, showed a marginal association with high
IgE levels (P = 0.021) but not with asthma in the British
population described above. In contrast, no association
was seen with either high IgE levels or asthma in the
Japanese population. Because males are hemizygous at
IL-13RA1, the authors calculated adjusted odds ratios by
sex in the British population. The odds ratio for males was
3.39 (P = 0.015) and 1.10 in females (P = 0.680) for
atopy. Of particular interest is the demonstration that both
the IL-13RA1 chains are expressed on airway epithelial
cells and bronchial smooth muscle cells, suggesting that
these cytokines might have direct actions within the
airways [13]. A determination of the importance of this
variant in asthma pathogenesis awaits additional studies.
The IL-13RA2 chain is also located on the X chromosome;
however, to my knowledge no polymorphisms in this gene
have been identified. One might envision that polymorphisms in both the gene encoding IL-13 itself and its two
receptor chains (IL-4RA, IL-13RA1) could affect the severity of the disease.
In summary, the consistent genetic associations of IL-13
with asthma and related traits across diverse ethnic populations provides strong support for the candidacy of IL-13
as a major locus for asthma and atopy on chromosome
5q31. Importantly, these associations seem to be independent of polymorphisms in the neighboring similar gene, that
encoding IL-4. However, owing to the significant level of
linkage disequilibrium between the polymorphic sites in this

2.
3.

4.

5.

6.
7.

8.

9.
10.

11.

12.
13.

Daniels SE, Bhattacharrya S, James A, Leaves NI, Young A, Hill MR,
Faux JA, Ryan GF, le Souef PN, Lathrop GM, Musk AW, Cookson
WO: A genome-wide search for quantitative trait loci underlying
asthma. Nature 1996, 383:247–250.
The Collaborative Study on the Genetics of Asthma: A genome-wide
search for asthma susceptibility loci in ethnically diverse populations. Nat Genet 1997, 15:389–392.
Ober C, Cox NJ, Abney M, Di Rienzo A, Lander ES, Changyaleket B,
Gidley H, Kurtz B, Lee J, Nance M, Pettersson A, Prescott J, Richardson A, Schlenker E, Summerhill E, Willadsen S, Parry R: Genomewide search for asthma susceptibility loci in a founder population.
The Collaborative Study on the Genetics of Asthma. Hum Mol
Genet 1997, 7:1393–1398.
Wjst M, Fischer G, Immervoll T, Jung M, Saar K, Rueschendorf F, Reis
A, Ulbrecht M, Gomolka M, Weiss EH, Jaeger L, Nickel R, Richter K,
Kjellman NI, Griese M, von Berg A, Gappa M, Riedel F, Boehle M, van
Koningsbruggen S, Schoberth P, Szczepanski R, Dorsch W, Silbermann M, Wichmann HE, et al: A genome-wide search for linkage to
asthma. German Asthma Genetics Group. Genomics 1999, 58:1–8.
Ober C, Tsalenko A, Willadsen S, Newman D, Daniel R, Wu X, Andal
J, Hoki D, Schneider D, True K, Schou C, Parry R, Cox N: Genomewide screen for atopy susceptibility alleles in the Hutterites. Clin
Exp Allergy 1999, 29 (suppl 4):11–15.
Wjst M. Specific IgE – one gene fits all? German Asthma Genetics
Group. Clin Exp Allergy 1999, 4:5–10.
Marsh DG, Neely JD, Breazeale DR, Ghosh B, Friedhoff LR, Ehrlich E:
Linkage analysis of IL4 and other chromosome 5q31.1 markers
and total serum immunoglobulin E concentrations. Science 1994,
264:1152–1156.
Postma DS, Bleecker ER, Amelung PJ, Holroyd KJ, Xu J, Panhuysen
CI, Meyers DA, Levitt RC: Genetic susceptibility to asthmabronchial hyperresponsiveness coinherited with a major gene for
atopy. N Engl J Med 1995, 333:894–900.
Borish L, Mascali JJ, Klinnert M, Leppert M, Rosenwasser LJ: SSC
polymorphisms in interleukin genes. Hum Mol Genet 1995, 4:974.
Burchard EG, Silverman EK, Rosenwasser LJ, Borish L, Yandava C,
Pillari A, Weiss ST, Hasday J, Lilly CM, Ford JG, Drazen JM: Association between a sequence variant in the IL-4 gene promoter and
FEV1 in asthma. Am J Respir Crit Care Med 1999, 160:919–922.
Noguchi E, Shibasaki M, Arinami T, Takeda K, Yokouchi Y, Kawashima
T, Yanagi H, Matsui A, Hamaguchi H: Association of asthma and the
interleukin-4 promoter gene in Japanese. Clin Exp Allergy 1998,
28:449–453.
Walley AJ, Cookson WOCM: Investigation of an interleukin-4 promoter polymorphism for associations with asthma and atopy. J
Med Genet 1996, 33:689–692.
Heinzmann A, Mao XQ, Akaiwa M, Kreomer RT, Gao PS, Ohshima K,
Umeshita R, Abe Y, Braun S, Yamashita T, Roberts MH, Sugimoto R,

http://respiratory-research.com/content/1/1/019

14.

16.

17.

18.
19.

21.
22.
23.

24.

26.

27.
28.

29.

31.

32.

primary research

30.

Correspondence: Marsha Wills-Karp, PhD, Department of
Environmental Health Sciences, Johns Hopkins University, 615 North
Wolfe Street, Baltimore, MD 21205, USA. Tel: +1 410 614 5447;
fax: +1 410 955 0299; e-mail: mkarp@welch.jhu.edu

reports

25.

Author’s affiliation: Department of Environmental Health Sciences,
Johns Hopkins University, Baltimore, Maryland 21205, USA

review

20.

human IL-4R (Q576R) on human IL-4-induced signal transduction.
J Immunol 1999, 162:4385–4389.
33. Baldini M, Lohman IC, Halonen M, Erickson RP, Holt P, Martinez FD. A
polymorphism in the 5′′-flanking region of the CD14 gene is associated with circulating soluble CD14 levels and with total serum
IgE. Am J Respir Cell Mol Biol 1999, 20:976–983.
34. Loots GG, Locksley RM, Blankespoor CM, Wang ZE, Miller W, Rubin
EM, Frazer KA: Identification of a coordinate regulator of interleukins 4, 13, and 5 by cross-species sequence comparisons.
Science 2000, 288:136–140.

commentary

15.

Arima K, Arinobu Y, Yu B, Kruse S, Enomoto T, Dake Y, Kawai M,
Shimazu S, Sasaki S, Adra CN, Kitaichi M, Inoue H, Yamauchi K,
Tomichi N, Kurimoto F, Hamasaki N, Hopkin JM, Izuhara K, Shirakawa
T, Deichmann KA: Genetic variants of IL-13 signalling and human
asthma and atopy. Hum Mol Genet 2000, 9:549–559.
Graves PE, Kabesch M, Halonen M, Holberg CJ, Baldini M, Fritzsch C,
Weiland SK, Erickson RP, von Mutius E, Martinez FD: A cluster of
seven tightly linked polymorphisms in the IL-13 gene is associated with total serum IgE levels in three populations of white children. J Allergy Clin Immunol 2000, 105:506–513.
Wills-Karp M, Luyimbazi J, Xu X, Schofield B, Neben TY, Karp CL,
Donaldson DD: Interleukin-13: central mediator of allergic asthma.
Science 1998, 282: 2258–2261.
Grunig G, Warnock M, Wakil AE, Venkayya R, Brombacher F, Rennick
DM, Sheppard D, Mohrs M, Donaldson DD, Locksley RM, Corry DB:
Requirement for IL-13 independently of IL-4 in experimental
asthma. Science 1998, 282:2261–2262.
Zhu Z, Homer RJ, Wang Z, Chen Q, Geba GP, Wang J, Zhang Y, Elias
JA: Pulmonary expression of interleukin-13 causes inflammation,
mucus hypersecretion, subepithelial fibrosis, physiologic abnormalities, and eotaxin production. J Clin Invest 1999, 102:779–788.
De Vries JE: The role of IL-13 and its receptor in allergy and inflammatory responses. J Allergy Clin Immunol 1998, 102:165–169.
Urban JF Jr, Noben-Trauth N, Donaldson DD, Madden KB, Morris SC,
Collins M, Finkelman FD: IL-13, IL-4Ralpha, and Stat6 are required
for the expulsion of the gastrointestinal nematode parasite Nippostrongylus brasiliensis. Immunity 1998, 8:255–264.
McKenzie GJ, Fallon PG, Emson CL, Grencis RK, McKenzie AN:
Simultaneous disruption of interleukin (IL)-4 and IL-13 defines
individual roles in T helper cell type 2-mediated responses. J Exp
Med 1999, 189:1565–1572.
Kuznetsov VA, Puri RK: Kinetic analysis of high affinity forms of
interleukin (IL)-13 receptors: suppression of IL-13 binding by IL-2
receptor gamma chain. Biophys J. 1999, 77:154–172.
Coyle AJ, Le Gros G, Bertrand C, Tsuyuki S, Heusser CH, Kopf M,
Anderson GP: Interleukin-4 is required for the induction of lung
Th2 mucosal immunity. Am J Respir Cell Mol Biol 1995, 13:54–59.
Rankin JA, Picarella DE, Geba GP, Temann UA, Prasad B, DiCosmo B,
Tarallo A, Stripp B, Whitsett J, Flavell RA: Phenotypic and physiologic
characterization of transgenic mice expressing interleukin 4 in the
lung: lymphocytic and eosinophilic inflammation without airway
hyperreactivity. Proc Natl Acad Sci USA 1996, 93:7821–7825.
Humbert M, Durham SR, Kimmitt P, Powell N, Assoufi B, Pfister R,
Menz G, Kay AB, Corrigan CJ: Elevated expression of messenger
ribonucleic acid encoding IL-13 in the bronchial mucosa of atopic
and nonatopic subjects with asthma. J Allergy Clin Immunol 1997,
99:657–665.
Naseer T, Minshall EM, Leung DY, Laberge S, Ernst P, Martin RJ,
Hamid: Expression of IL-12 and IL-13 mRNA in asthma and their
modulation in response to steroid therapy. Am J Respir Crit Care
Med 1997, 155:845–851.
van der Pouw Kraan TCTM, van Veen A, Boeije LCM, van Tuyl SAP,
de Groot ER, Stapel SO, Bakker A, Verweij CL, Aarden LA, van der
Zee JS: An IL-13 promoter polymorphism associated with
increased risk of allergic asthma. Genes Immun 1999, 1:61–65.
Viola JP, Rao A: Molecular regulation of cytokine gene expression
during the immune response. J Clin Immunol 1999, 19:98–108.
Hershey GKK, Friederich MF, Esswein LA, Thomas ML, Chatila TA:
The association of atopy with a gain-of-function mutation in the asubunit of the interleukin-4 receptor. N Eng J Med 1997, 337:
1720–1725.
Deichmann KA, Heinzmann A, Forster J, Dischinger S, Mehl C,
Brueggenolte E, Hildebrandt F, Moseler M, Kuehr J: Linkage and
allelic association of atopy and markers flanking the IL-4-receptor
gene. Clin Exp Allergy 1998, 28:151–155.
Ober C, Leavitt SA, Tsalenko A, Howard TD, Hoki DM, Daniel R,
Newman DL, Wu X, Parry R, Lester LA, Solway J, Blumenthal M, King
RA, Xu J, Meyers DA, Bleecker ER, Cox NJ: Variation in the interleukin 4-receptor alpha gene confers susceptibility to asthma and
atopy in ethnically diverse populations. Am J Hum Genet 2000,
66:517–526.
Kruse S, Japha T, Tedner M, Sparholt SH, Forster J, Kuehr J, Deichmann KA: The polymorphisms S503P and Q576R in the interleukin-4 receptor alpha gene are associated with atopy and
influence the signal transduction. Immunology 1999, 96:365–371.
Wang HY, Shelburne CP, Zamorano J, Kelly AE, Ryan JJ, Keegan AD:
Cutting edge: effects of an allergy-associated mutation in the

