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Background: Atopic disorders, including asthma, are very
prevalent, affecting up to 40% of populations, and their inci-
denceison therise. Although environmental factors are
important in the development of atopy, thereis a strong genet-
ic predisposition. Several genes and chromosomal regions have
been linked to atopy and asthma, supporting the polygenic
nature of these disorders. IL-4 and IL-13 are T2 cytokines
with numerous activitiesthat contribute to allergic inflamma-
tion and asthma. Both IL-4 and IL-13 use the IL-4 receptor a
chain (IL-4Ra) as a component of their respective receptor
systems. Allelic variants of |L-4Ra have been reported, and
the R5761L-4Ra allele was recently shown to be arisk factor
for atopy.

Objective: We sought to determine whether the R576 allele was
associated with the prevalence or clinical severity of asthma.
Methods: We developed a rapid, reliable, PCR-based assay to
screen individuals for the R5761L-4Ra allele and used this
assay to genotype prospectively recruited individuals with
asthma (n = 149) and control subjects (n = 57).

Results: There was a strong association of R576l L-4Ra with
the prevalence and clinical severity of asthma. In a prospective
cohort, homozygosity for R576 was significantly increased in
individuals with asthma (n = 149, P = .03; relativerisk 8.2)
compared with controls (n = 57). Furthermore, 1 or 2 copies
R5761L-4Ra correlated with asthma severity establishing a
genotype-phenotype relationship and suggesting a gene dosage
effect.

Conclusions: Thus R5761L-4Ra acts as an allergic asthma sus-
ceptibility and disease-modifying gene and may serve asa clin-
ically useful marker of asthma severity. (J Allergy Clin
Immunol 1999;104:1008-14.)
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Asthmais an inflammatory disorder of the airways. It
isthe most common chronic disease of childhood and the
most frequent reason for pediatric hospital admission,!
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Abbreviations used
175: IL-4 receptor a chain alelic variant with
isoleucine at position 75 of the polypeptide
(numbering including 25 amino acid signal
peptide)
IL-4Ra: IL-4 receptor a chain
ITIM:  Immunotyrosine-based inhibitory motif
Q576: 1L-4 receptor a chain alelic variant with gluta-
mine at position 576 of the polypeptide (number-
ing including 25 amino acid signal peptide)
R576: |L-4 receptor a chain alelic variant with argi-
nine at position 576 of the polypeptide (number
ing including 25 amino acid signal peptide)
RFLP: Restriction fragment length polymorphism
SHP-1: SH2 domain containing tyrosine phosphatase-1
SSCP:  Single-strand conformation polymorphism
V75: IL-4 receptor a chain allelic variant with valine
at position 75 of the polypeptide (humbering
including 25 amino acid signal peptide)

and itsincidence is on the rise.2 Although environmental
influences are important in the development of asthma,
there is a strong genetic predisposition. Children who
have one parent with asthma have about a 25% chance
for development of asthma, and those whose mother and
father both have asthma may have as high as a 50% risk
of disease.3 A study of 5864 Norwegians found that the
relative risk for development of asthma was 17.9 among
twins whose identical co-twin had a positive history of
asthma versus only 2.3 for fraternal twins.4 In another
study of Finnish twins, in families where one of the par-
ents was asthmatic, up to 87% of the susceptibility to
asthma was explained by genetic influences.> Among
infants and young children who have wheezing with viral
infections, a personal history or a family history of aler-
gy is the factor most strongly associated with the devel-
opment of asthma.® Several candidate genes and loci
have been linked to asthma and atopy, including IL-4,78
IL-4 receptor o chain (IL-4Ra),%10 HLA complex,1112 3
chain of the high-affinity Fce receptor,13 B,-adrenergic
receptor,14 and chromosomal regions including the
cytokine cluster on 5g31-33,7.1516 supporting the com-
plex polygenic nature of these diseases. Delineating the
genes that contribute to the development of asthma and
dissecting the mechanisms by which these genes alter the
host response to environmental challenge (antigen, viral,
etc) are key steps to furthering our knowledge of the
pathogenesis of asthma.



J ALLERGY CLIN IMMUNOL
VOLUME 104, NUMBER 5

Several of the atopy susceptibility genes that have
been identified regulate the production of IgE or mediate
its effector functions. 1L-4 is secreted by T2 cells and
mast cells and, along with IL-13, it is the major cytokine
responsible for the induction of IgE synthesis by B
cells17.18 Furthermore, IL-4 acts on T,,0 cells and pro-
motes their progression to the T2 phenotype,19.20 ulti-
mately leading to the secretion of more IL-4 and other
T2-derived cytokines,2! thereby perpetuating the aller-
gic cascade. IL-4 has numerous other activities that con-
tribute to allergic inflammation, including the induction
of adhesion molecules on endothelial cells important for
eosinophil migration?2 and the induction of CD2323 and
MHC class 11.2425 |ike IL-4, I1L-13 plays a critical role
in the development of allergic inflammation. Recently
IL-13 has been shown to be a key mediator of asthma
independent of IL-4 in mouse models whereby IL-13
blockade prevented alergen-induced airway inflamma-
tion.26:27 Both IL-4 and 1L-13 exert their biologic activi-
ties by interacting with their respective cell surface
receptors, and both receptor systems share the a chain of
the IL-4 receptor (IL-4Ra).2829 The central role played
by the IL-4Ra in regulating IL-4 and IL-13 responses
makes it alikely candidate gene for atopy and asthma.

We recently reported the identification of a novel
allele of the IL-4Ra that confers atopy susceptibility.®
This alele contains an arginine in place of aglutamine at
position 576 of the protein (numbering including the sig-
nal peptide) (R576) and occurs with a frequency of 20%
in the genera population. Individuals who possess 1 or 2
copies of this allele had a significantly increased (9.3-
fold) relative risk toward the atopic phenotype compared
with the wild-type variant with glutamine at position 576
(Q576). The Q to R substitution occurs immediately
adjacent to a tyrosine residue, Y575, in the cytoplasmic
domain of IL-4Ra and may alter the efficiency of inter-
actions of Y575 with signaling intermediates such as
SH2 domain containing tyrosine phosphatase-1 (SHP-1).
The R576 allele strongly segregated with atopy, but its
effect on the asthmatic phenotype has not been evaluat-
ed. In the current study we have characterized and geno-
typed a group of nonallergic and allergic adults with
asthma and compared them with a sample of control
individuals to determine whether the presence of the
R576 IL-4Ra allele was associated with asthma and
whether the presence of the R576 alele influenced the
severity of asthmain affected individuals.

METHODS
Subjects

One hundred forty-nine unrelated adult asthmatic patients were
prospectively recruited from allergy offices affiliated with the Uni-
versity of Cincinnati Medical Center. Asthma was diagnosed in
accordance with the American Thoracic Society criteriaby demon-
strating a 12% or greater increase in FEV ; after a bronchodilator or
after a2-week tria of oral corticosteroids.30.31 Pulmonary function
testing was performed according to the 1994 revised American
Thoracic Society guidelines with use of the Pneumedics Dataloop
(Norwalk, Conn).31 Subjects underwent skin prick testing includ-
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ing positive and negative controls and a panel of 14 common envi-
ronmental antigens indigenous to the Ohio valley (A.L.K. Labora-
tories, Wallingford, Conn). The patients were instructed to discon-
tinue antihistamines before skin testing in accordance with the
published guidelines.32 Patients were divided into allergic and non-
alergic groups on the basis of the results of the skin tests. Those
with positive reactions (=3 mm wheal with erythema) to 1 or more
antigens tested were designated allergic. Baseline FEV; values
were used to classify the patients into mild, moderate, and severe
asthma groups. As outlined in the “Guidelines for the Diagnosis
and Management of Asthma, Expert Panel Report 2,”33 those with
a baseline FEV, greater than or equal to 80% of predicted were
classified as having mild asthma, those with an FEV ; between 60%
and 80% of predicted were classified as having moderate asthma,
and those with a baseline FEV ; of less than 60% of predicted were
classified as having severe asthma. There were equal proportions
(24%) of smokers (past or current history) in the allergic and non-
allergic asthma groups, and there were no significant differencesin
smoking between the genotypic groups. For the nonallergic,
nonasthmatic control group, healthy unrelated volunteers were
prospectively recruited from the employee pool of the University
of Cincinnati Medical Center and Children’s Hospital Medical
Center, Cincinnati. Individuals were excluded from this group if
they reported a history of alergies, asthma, chronic cough, chron-
ic obstructive pulmonary disease, or smoking. They underwent
skin prick testing as outlined above, and those who demonstrated
no positive reactions (excluding histamine) were included in the
control group. Informed consent was obtained from all participants
in these studies. These studies were approved by the Children’s
Hospital Medical Center Institutional Review Board.

Single-stranded conformational
polymorphism analysis

Complementary DNA was synthesized from RNA isolated from
EBV-transformed human B cell lines or PBMCs with use of a
reverse transcription kit from Promega (Madison, Wis) and analyzed
by single-stranded conformational polymorphis analysis (SSCP) for
the Q576R IL-4R aleles as previously described® with primers from
Integrated DNA Technologies (Coralville, 18). The nested primers
used to amplify nucleotides 1840-2125 of IL-4Ra complementary
DNA (cDNA) were outer primer pairs GCCCACACTGGAA-
GAATTGTCTTAC (sense) and TTTTGGGGGTCTGGCTTGAG
(antisense) and inner primer pairs CCGAAATGTCCTCCAGCATG
(sense) and CCAGTCCAAAGGTGAACAAGGGG (antisense).

PCR-based restriction fragment length
polymorphism assay for detection of the
Q576 and R576 alleles

Genomic DNA isolated from EDTA anticoagul ated whole blood
with use of the GenomicPrep kit from Pharmacia Biotech (Piscat-
away, NJ) was analyzed for the presence of the Q576 or R576 ale-
les by PCR. The sense primer was constructed with a guanine at
position 1898 instead of athymidine. This generated aPvu | restric-
tion site only in the R576 allele that has a guanine at position 1902
in lieu of an adenine. The primers used were sense TCTCGGCCC-
CCACCAGTGGCGATC and antisense GAGGTCTTGGAAAG-
GCTTATAC. PCR was carried out in atotal volume of 50 uL under
the following conditions: 94°C for 20 seconds, 32 cycles of 94°C
for 20 seconds, 58°C for 30 seconds, 72°C for 30 seconds, and then
72°C for 5 minutes. After PCR amplification, 10 pL of the original
volume was digested with 5 units of Pvu | (New England Biolabs,
Beverly, Mass), and the fragments were resolved on a 4% NuSieve
gel (FMC Bioproducts). The Q576 and R576 alleles yielded 209 bp
and 186 bp bands, respectively.
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FIG 1. Identification of R576 and Q576 IL-4Ra allelic variants. A,
SSCP analysis of individuals homozygous for R576 (lanes 1 and
2), heterozygous Q576/R576 (lanes 3 and 4), or homozygous for
Q576 (lanes 5 and 6). Arrow, Upper band seen only in presence of
R576 allele. B, Same patients genotyped with PCR-based RFLP
assay. R576 and Q576 alleles correspond to 186- and 209-bp
bands, respectively.

Statistical analysis

Statistical analyses were performed with the Primer of Biostatis-
tics software version 3.01 for Apple Macintosh.34 To caculate P
values for associations with the R576 allele, the alele frequencies
in the indicated groups were analyzed with use of the chi-square
test. The mean FEV, values were analyzed by ANOVA and the
Bonferroni multiple comparison procedure to determine the signif-
icance of the association between R576 and asthma severity. Rela-
tive risks were calculated by standard methods.

RESULTS
PCR-based RFLP assay for Q576 and R576
IL-4Ra allelic variants

Atopy has been linked to highly polymorphic markers
within and flanking the gene IL-4Ra gene on chromo-
some 16,35 and IL-4Ra allelic variants have been impli-
cated as atopy susceptibility genes.9.10.35 Because atopy
isamajor risk factor for asthma, we investigated whether
the R576 allele was associated with asthma. To screen
large numbers of asthmatic patients, a PCR-based RFLP
assay that used genomic DNA was developed (Fig 1).
The sense primer was constructed with a guanine at posi-
tion 1898 of the IL-4Ra complementary DNA sequence
instead of athymidine. This generated a Pvu | restriction
enzyme recognition site only in the R576 alele. Diges-
tion of the PCR fragment with Pvu | generated a 209-bp
band from the Q576 alele and a 186-bp band from the
R576 allele (Fig 1, B). This alowed rapid and reliable
detection of both the Q576 and R576 allelic variants
compared with the SSCP method used previously to dis-
tinguish between these alleles.® By SSCP analysis, the
R576 allele results in the appearance of an additional
upper band not seen in the control subjects. Individuals
homozygous for R576 have only this upper band (Fig 1,
A lanes 1 and 2).
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TABLE I. Frequency of R576 and Q576 IL-4Ra alleles in
allergic asthma, nonallergic asthma, and control groups

Q576/  Q576/ R576/
Population Q576  R576 R576
Asthmatic individuals (n = 149)
No. 81 49 19
Percent 54 33 13*
Alleles (n = 298) Q576 R576
No. 211 87t
Allele frequency (%) 71 29
Allergic asthmatics (n = 107)
No. 57 34 16
Percent 53 32 15%
Alleles (n = 214) Q576 R576
No. 148 668
Allele frequency (%) 69 31
Nonallergic asthmatics (n = 42)
No. 24 15 3
Percent 57 36 7
Alleles (n = 84) Q576 R576
No. 63 21
Allele frequency (%) 75 25
Controls (n = 57)
No. 36 20 1
Percent 63 35 17
Alleles (n = 114) Q576 R576
No. 92 22
Allele frequency (%) 81 19

* Association of homozygosity for R576 and asthma: P = .03, chi-square
test; relative risk 8.2.

TAssociation of R576 alele and asthma: P = .056, chi-square test.
FAssociation of homozygosity for R576 and allergic asthma: P = .018, chi-
square test; relative risk 9.8.

8Association of R576 alele and atopy: P = .034, chi-sguare test.

HAssoci ation of R576 alele and asthma (independent of atopy): P = .431,
chi-square test.

Homozygosity for R576IL-4Ra strongly
associates with atopic asthma

To determine therole of the R576 allelein asthma, 149
individuals with asthma were genotyped with use of the
assay described above. The results are summarized in
Table I. The alele frequencies for the Q576 and R576
aleles in this population (n = 149) were 71 (211/298)
and 29% (87/298), respectively, compared with 81%
(92/114) and 19% (22/114) in the control nonasthmatic,
nonallergic group (n = 57). There was aweak association
between R576 and asthmaoverall (P = .056). However, a
strong association was noted between homozygosity for
the R576 allele and asthma, with 13% (19/149) of the
asthmatic individual s tested being homozygous for R576
compared with only 1.7% (1/57) of the controls (P = .03,
chi-square test; relative risk 8.2). Thus individuals pos-
sessing 2 alleles of R576 have an 8.2-fold increased rel-
ative risk toward asthma compared with individuals not
homozygous for R576. Because the R576 alele is asso-
ciated with atopy, the asthma population was subdivided
into alergic and nonallergic groups on the basis of skin
prick testing to 14 common environmental antigens, to
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TABLE |I. Effect of R576 and Q576 IL-4Ra allelic variants on asthma severity

Asthma group Q576/Q57 6 Q576/R57 6 R576/R57 6
Mild (FEV, >80%) 22 (27.1%) 10 (20.4%) 2 (10.5%)
Moderate (FEV; 60%-80%) 33 (40.7%) 21 (42.9%) 7 (36.8%)
Severe (FEV, <60%) 26 (32.1%) 18 (36.7%) 10 (52.6%)
Statistical significance for severe vs mild P=.6 pP=.118 P =.015*
Mean FEV; (% predicted) 67.5 66 57.8 (P < .05)*

*Statistically significant.

uncover any effect of the R576 allele independent of
atopy. By thiscriteria, 107 (71.8%) of the 149 asthmatics
were found allergic and 42 (28.2%) were nonallergic,
which approximates published reports on the prevalence
of atopy in asthmatic patients.36-38 There was a signifi-
cant association of the R576 alele with alergic asthma
(P = .034, chi-square test) as expected given the known
association with atopy. Specifically, the allele frequency
for R576 was 31% (66/214) in the allergic asthma group
compared with 19% (22/114) in the control group. Fur-
thermore, homozygosity for the R576 allele was strong-
ly associated with alergic asthma (P = .018, chi-square
test; relative risk 9.8). Thus, an individual homozygous
for R576 has a 9.8-fold enhanced relative risk toward
allergic asthmathan does an individual with the genotype
Q/Q576 or Q/R576. In the allergic asthma group, 15%
(16/107) of individuas were homozygous for R576 com-
pared with only 1.7% (1/57) of controls. There were no
significant differences noted in frequencies of the Q576
and R576 aleles in the nonallergic asthma group com-
pared with the control group (25% and 19%, respective-
ly). These data support the association between the R576
allele and atopy and demonstrate asignificant association
between homozygosity for R576 and asthma but do not
reveal a statistically significant association between
R576 and asthma independent of alergy (ie, in the non-
allergic group). However, the R576 alele frequencies
were increased in the alergic and nonallergic asthma
groups compared with the controls. Thus it is possible
that larger population studies will reveal a stronger asso-
ciation with nonallergic asthma.

R576IL-4Ra correlates with asthma severity

Potential relationships between the R576 and Q576
alelic variants and asthma severity were next explored.
Baseline FEV; values were used to classify the patients
into mild, moderate, and severe asthma groups. As out-
lined in the “Guidelines for the Diagnosis and Manage-
ment of Asthma, Expert Panel Report 2,"33 those with a
baseline FEV greater than or equal to 80% of predicted
were classified as having mild asthma, those with an FEV
between 60% and 80% of predicted were classified as hav-
ing moderate asthma, and those with a baseline FEV ; less
than 60% of predicted were classified as having severe
asthma. The mild, moderate, and severe asthma groups
were then separated by their genotype at the IL-4Ra 576
locus (Fig 2). In the group homozygous for the Q576
allele, there were no significant differences among the rel-

ative numbers of patients in the group with mild, moder-
ate, or severe asthma. However, in the group homozygous
for the R576 allele, 52.6% (10/19) had severe asthma and
only 10.5% (2/19) had mild asthma (P = .015, chi-square
test), demonstrating a significant association between
asthma severity and homozygosity for the R576 allele.
Furthermore, the heterozygote group carrying 1 copy of
the R576 alele had 36.7% (18/49) patients with severe
asthma, avalue that is between that seen in those carrying
2 copies of R576 (52.6%, 10/19) and the Q576 homozy-
gotes (32.1%, 26/81). The proportion of patientswith mild
asthma in the heterozygote group (20.4%, 10/49) also fell
between that observed in the Q/Q576 (27.1%, 22/81) and
R/R576 (10.5%, 2/19) groups. The mean baseline FEV |
vauesfor each group are shown in TableI1. A comparison
of the mean FEV; values among the groups revealed that
the group homozygous for R576 had a significantly lower
mean (57.8) baseline FEV,; compared with the group
homozygous for the wild-type Q576 allele, mean = 67.5
(P < .05). The median baseline FEV, values for the
R/R576, Q/R576, and Q/Q576 groups displayed the same
trend as the mean basdline values (59, 66, and 70, respec-
tively). Thus homozygosity for the R576 dleleis associat-
ed with a severe asthma phenotype as defined by the base-
line FEV 4. The FEV,/forced vital capacity mean ratios
were comparable in al groups (wild type 0.67, heterozy-
gote 0.66, and homozygote 0.66). Interestingly, the mean
and median baseline FEV; values in the heterozygotes
were between the Q576 homozygote and R576 homozy-
gote groups. This is displayed graphically in Fig 2. Thus
the presence of the R576 allele correlates with asthma
Severity.

DISCUSSION

The familial nature of asthma and other atopic dis-
eases is well established. It is increasingly evident that
many different genes influence the development of asth-
ma and atopy. Three different classes of disease-associat-
ed genes have been described: susceptibility genes that
are strongly associated with asthma or atopy and likely
play a causative role, disease-modifying genes that are
not causative but modify the phenotype of the disease,
and drug-modifying genesthat ater the response to phar-
macologic agents in affected individuals. The current
findings demonstrate that the presence of the R576 alele
correlates with asthma severity in individuals with asth-
ma and thus acts as a disease-modifier. One or two copies
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FIG 2. R576IL-4Ra allele correlates with asthma severity. Asthmat-
ic individuals were subdivided into groups by their genotypes at
IL-4Ra 576 locus. Percentage of patients in each group with severe
asthma (upward triangle) versus mild asthma (downward triangle)
is shown graphically. Asterisk, Statistically significant difference (P
= .015). Severe (baseline FEV,; <60%) and mild asthma (baseline
FEV, 280%) were defined according to “Guidelines for Diagnosis
and Management of Asthma, Expert Panel Report 2.7733

of R576 were associated with more severe asthma as
defined by baseline FEV; compared with an asthmatic
group homozygous for the wild-type Q576 allele.

The R576 alele aso acts as an atopy and alergic asth-
ma susceptibility gene. The allele frequency for R576
was increased in allergic asthma and in asthma overall
compared with control subjects. Furthermore, homozy-
gosity for R576 was significantly associated with asthma
and carried an 8.2-fold relative risk toward asthma and a
9.8-fold relative risk for atopic asthma compared with
Q576. A gene dosage effect was suggested both in terms
of asthma phenotype and prevalence. Two copies of
R576 were associated with increased asthma prevalence
and increased asthma severity compared with 1 copy.
This was illustrated by the heterozygote R/Q576 group,
which had intermediate mean and median FEV; values
compared with the Q/Q576 and R/576 groups and which
contained intermediate proportions of patients with
severe and mild asthma compared with the 2 homozygote
groups. Large population studies incorporating multiple
measures of severity will be needed to confirm the possi-
ble gene dosage effect. The observed correlation between
R576 and allergic asthma supports the reported associa-
tion of R576 with atopy.® Our results conflict with those
in arecent report that found similar R576 allele frequen-
cies in asthma and control Japanese groups,3® but that
study had very few R576 homozygotes and thuswas like-
ly underpowered or it was a characteristic of their specif-
ic population. Asthma severity was not examined in that
study.

To elucidate the role of R576 in asthmaindependent of
atopy, we divided the asthmatic individuals into allergic
and nonallergic groups. The nonallergic group had a
higher alele frequency for R576 than the controls, but
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the association was not statistically significant, indicat-
ing that R576 likely does not play a major causative role
in nonatopic asthma. The main association of R576 is
with atopy, and this may underlie the association with
alergic asthma. However, it is possible that in analyses
of larger groups a significant correlation with nonatopic
asthmawill be uncovered. Nonatopic asthma may be dif-
ferent from atopic asthma in terms of its pathogenesis,
and thus the genetic influences may be entirely distinct
from those of atopic asthma. The role of Q576R in other
alergic conditions remains unclear. It is not responsi-
ble240 for the expression of hyper IgE syndrome.

The molecular mechanism underlying the observed
association between R576 and asthma severity remains
to be determined. We have previously shown that
PBM Cs derived from individual s carrying the R576 vari-
ant have enhanced 1L-4 responsiveness compared with
Q576.° Two studies examining the functional conse-
guences of the Q576R substitution have not demonstrat-
ed any effect on Stat6 activation or CD23 expression.39.41
One of these studies®® used Ba/F3 cdlls for the transfec-
tions. These cells have been shown to display IL-
4—dependent Stat6 activation independently of Stat6
docking sitesin the IL-4Ra cytoplasmic domain, which
arerequired for 1L-4—dependent Stat6 activation in other
cells.42 Thus Ba/F3 may not be the optimal cell type to
study IL-4 signaling. The other study4! studied the effect
of R576 in the context of the wild-type IL-4Ra sequence
but did not examine its effect in combination with the
other known IL-4Ra polymorphisms.43 The functional
conseguences of Q576R may be evident only in the
context of one or more other genetic polymorphisms.
Importantly, because IL-4Ra is also a component of the
IL-13 receptor system, one or more of the IL-4Ra poly-
morphisms may ater 1L-13 responses, which may be the
molecular mechanism underlying their association with
atopy. Studies to address these questions are in progress.

We have previously shown that the R576 alele alters
the interactions between Y575 and the SH2 domain con-
taining tyrosine phosphatase, SHP-1, which has recently
been shown to down-regulate IL-4 signaing.#4 IL-4Ra
contains 5 conserved tyrosine residues in its cytoplasmic
domain, one of which, Y713, is part of an ITIM
(immunoreceptor tyrosine-based inhibitory motif) recog-
nition sequence?® and has been implicated as a docking
site for SHP-1.46.47 Because SHP-1 contains 2 SH2
domains, Y575 and Y713 may act in a concerted fashion
to recruit SHP-1 and lead to the termination of 1L-4 sig-
naling. A decrease in the efficiency of the interaction
between IL-4Ra and SHP-1 resulting from substitution
from Q to R adjacent to Y575 could lead to a dysregula-
tion of IL-4 responses. This may be one mechanism
underlying the genetic predisposition conferred by R576.
If thisisthe case, transfectants expressing Q576 or R576
will need to be examined for changes in the rate of
turnover or dephosphorylation of Stat6 and other signal-
ing intermediates. It will also be important to determine
the effects of the IL-4Ra polymorphisms on other sig-
naling molecules important in the IL-4 signa transduc-
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tion, such as JAK kinases, which have been implicated as
SHP-1 substrates.#8 We are currently addressing these
possibilities.

As mentioned above, 5 other polymorphisms of the IL-
4Ra have been reported,”3 and one of these, 11€75, has
recently been associated with atopi ¢ asthma and enhanced
IL-4 signaling10.39 in Japanese populations. It is not
known whether this polymorphism may also affect asth-
ma severity. A recent study by another Japanese group
failed to find an association between Ile75Va and asth-
ma.49 It will be important to determine how the IL-4Ra
polymorphisms interact with each other to determine the
functional state of the receptor and the overal risk for
asthma. Multiple polymorphisms in specific combina-
tions may be required to alter IL-4 function, and the com-
binatorial variants may have unique mechanisms that
involve different signaling molecules. We currently can-
not rule out that the R576 is in linkage disequilibrium
with another mutation in the IL-4Ra gene or another gene
that is actually responsible for the association at a molec-
ular level. However, Q576R is not in linkage disequilibri-
um with the IL-4Ra chain alelic variant with isoleucine
at position 75 of the polypeptide (numbering including 25
amino acid signal peptide) (175) in our population
because we found similar 175 allele frequencies in the
asthma and control groups (unpublished observations).

It has previously been shown that cells from bron-
choalveolar lavage specimens from steroid-resistant asth-
matic patients displayed increased IL-4 expression com-
pared with the steroid-sensitive asthmatics, supporting a
role for the dysregulation of T;2/T,1 cytokines, specifi-
caly IL-4, in asthma severity.50 A combination of IL-4
and IL-2 were sufficient to sustain reduced glucocorti-
coid receptor binding affinity in PBMCs from steroid-
resistant asthmatic patients.51.52 Thus hyperresponsive-
ness to IL-4 may result in decreased sensitivity to
steroids and more-difficult-to-control asthma. Although
the mechanisms responsible for the observed associa-
tions between R576 and atopy, as well as the correlation
of R576 with asthma severity, are unclear, it isimportant
to continue to pursue different possible mechanisms to
explain the clinical associations. Because asthma is a
complex polygenic disease, individual polymorphisms
may have small functiona consequences in isolation and
may require additional genetic polymorphisms in other
genesto alter function significantly. Thus studies of mul-
tiple genes will be important to identify potential candi-
dates that may act in conjunction.

Homozygosity for R576 carries an 8.2-fold increased
relative risk for asthma and is associated with increased
asthma severity. The association of R576 with asthma
severity has potential clinical applications. Early recog-
nition of infants at risk for severe asthma by determina-
tion of their IL-4Ra576 genotype followed by close
medical follow-up and early environmental or pharmaco-
logic intervention may delay, attenuate, or prevent the
progression of disease. In adultsidentified as“at risk” for
severe asthma at the time of diagnosis, closer medical
follow-up and early institution of therapy may alter their
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outcomes. Thus the R576 allele is an atopy and asthma
susceptibility gene as well as a disease-modifying gene
that may be a useful genetic marker of asthma severity.

We thank Stephen B. Liggett, Amal Assa’ ad, Jeffrey Whitsett,
and David Glass for critical review of this manuscript, Judy Bean
for review of the statistics, Roger Floyd for technical assistance, and
Connie Petitt for secretarial support.

REFERENCES

1. Adams PF, Marano MA. Current estimates from the National Health
Interview Survey: data from the National Survey, vital and health statis-
tics. Bethesda: National Institutes of Health, National Center for Health
Statistics; 1994. Series 10.

2. Mannino DM, Homa DM, Pertowski CA, AshizawaA, Nixon LL, John-
son CA, et a. Surveillance for asthma—United States, 1960-1995.
MMWR Morb Mortal Wkly Rep 1998;47:1-27.

3. Neddenriep D, Schumacher JJ, Lemen RJ. Asthma in childhood. Curr
Probl Pediatr 1989;19:325-88.

4. Harris JR, Magnus P, Samuelson SO, Tambs K. No evidence for effects
of family environment on asthma: a retrospective study of Norwegian
twins. Am J of Respir Crit Care Med 1997;156:43-9.

5. Laitinen T, Rasanen M, Kaprio J, Koskenvuo M, Laitinen L. Importance
of genetic factorsin asthma: a population based twin-family study. Am J
of Respir Crit Care Med 1998;157:1073-8.

6. Martinez FD. Viral infections and the development of asthma. Am J
Respir Crit Care Med 1995;151:1644-8.

7. Marsh DG, Nealy JD, Breazeale DR, Ghosh B, Freidhoff LR, Ehrlich-
Kautzky E, et a. Linkage analysis of IL-4 and chromosome 5g31.1 mark-
ers and total serum immunoglobulin E concentrations. Science
1994;264:1152-6.

8. Rosenwasser LJ, Klemm DJ, Dresback JK, InamuraH, Mascali JJ, Klin-
nert M, et al. Promotor polymorphisms in the chromosome 5 gene clus-
ter in asthma and atopy. Clin Exp Allergy 1995;25:74-8.

9. Khurana Hershey GK, Friedrich MF, Esswein LA, Thomas ML, Chatila
TA. Association of atopy with a gain-of-function mutation in the inter-
leukin-4 receptor alphachain. N Engl J Med 1997;337:1720-5.

10. Mitsuyasu H, Isuhara K, Mao X, Gao P, Arinobu Y, Enomoto T, et al.
11e50Val variant of IL4Ra upregulates IgE synthesis and associates with
atopic asthma. Nat Genet 1998;19:119-20.

11. Marsh DG, Hsu SH, Roebber M. HLA-Dw2: a genetic marker for human
immune response to short ragweed pollen allergen Ra5, |: response
resulting primarily from antigenic exposure. J Exp Med 1982;155:1439-
51.

12. Young RP, Dekker JW, Wordsworth BP. HLA-DR and HLA-DP geno-
types and immunoglobulin E responses to common major allergens. Clin
Exp Allergy 1994;24:431-9.

13. Shirakawa T, Li A, Dubowitz M, Dekker JW, Shaw AE, Faux JA, et a.
Association between atopy and variants of the 8 subunit of the high affin-
ity immunoglobulin E receptor. Nat Genet 1994;7:125-30.

14. Reishaus E, Innis M, Maclntyre N, Liggett SB. Mutations in the gene
encoding for the B2-adrenergic receptor in normal and asthmatic sub-
jects. Am J Respir Crit Care Med 1993;8:334-9.

15. Meyers DA, Postma DS, Panhuysen CIM, Xu J, Amelung PJ, Levitt RC,
et a. Evidence for alocus regulating total serum IgE levels mapping to
chromosome 5. Genomics 1994;23:464-70.

16. Postma DS, Bleecker ER, Amelung PJ, Holroyd KJ, Xu J, Panhusysen
CIM, et al. Genetic susceptibility to asthma-bronchial hyperresponsive-
ness coinherited with a major gene for atopy. N Engl J Med
1995;333:894-900.

17. Punnonen J, Aversa G, Cocks BG, McKenzie ANJ, Menon S, Zurawski
G, et a. Interleukin-13 induces interleukin-4-independent 1gG4 and IgE
synthesis and CD23 expression in human B cells. Proc Natl Acad Sci U
SA 1993;90:3730-4.

18. Bonnefoy JY, Gauchat JF, Lecoanet-Henchoz S, Graber P, Aubry JP. Reg-
ulation of human IgE synthesis. Ann N'Y Acad Sci 1996;796:59-71.

19. Kopf M, Le Gros G, Bachman M, Lamers MC, Bluethmann H, Kohler G.
Disruption of the murine IL-4 gene blocks Th2 cytokine responses.
Nature 1993;362:245-8.

20. Le Gros G, Ben-Sasson SZ, Seder R, Finkelman FD, Paul WE. Genera-



1014 Rosa-Rosa et al

21

22.

23.

24.

25,

26.

27.

28.

29.

30.

3L

32.

33.

35.

36.

tion of interleukin 4 (IL-4)—producing cellsin vivo and in vitro: IL-2 and
IL-4 are required for in vitro generation of 1L-4-producing cells. J Exp
Med 1990;172:921-9.

Abbas AK, Murphy KM, Sher A. Functional diversity of helper T lym-
phocytes. Nature 1996;383:787-93.

Schleimer RP, Sterbinsky SA, Kaiser J, Bickel CA, Klunk DA, Tomioka
K, et al. IL-4 induces adherence of human eosinophils and basophils but
not neutrophils to endothelium: association with expresion of VCAM-1.
JImmunol 1992;148:1086-92.

Defrance T, Aubry JP, Rousset F, Vanbervliet B, Bonnefoy J, Arai N, et
al. Human recombinant interleukin 4 induces Fc epsilon receptors
(CD23) on normal human B lymphocytes. J Exp Med 1987;165:1459-67.
Noelle R, Krammer PH, Ohara J, Uhr JW. Increased expression of la
antigens on resting B cells: an additional role for B cell growth factor.
Proc Natl Acad Sci U SA 1984;81:6149-53.

Roehm NW, Liebson J, Zlotnick A, Kappler J, Marrack P, Cambier JC.
Interleukin-induced increase in la expression by mouse B cells. J Exp
Med 1984;160:679-94.

Grunig G, Warnock M, Wakil AE, Venkayya R, Brombacher F, Rennick
DM, et a. Requirement for IL-13 independently of IL-4 in experimental
asthma. Science 1998;282:2261-3.

Wills-Karp M, Luyimbazi J, Xu X, Schofield B, Neben TY, Karp CL, et
al. Interleukin-13: central mediator of allergic asthma. Science
1998;282:2258-60.

Matthews DJ, Hibbert L, Friedrich K, Minty A, Calard RE. X-SCID B
cell responses to interleukin-4 and interleukin-13 are mediated by a
receptor complex that includes the interleukin-4 receptor alpha chain
(p140) but not the gamma ¢ chain. Eur J Immunol 1997;27:116-21.
Miloux B, Laurent B, Bonnin O, Lupker J, Caput D, VitaN, et a. Cloning
of the human IL-13Ral chain and reconstitution with the IL-4Ra of a
functional IL-4/IL-13 receptor complex. FEBS Letters 1997;401:163-6.
American Thoracic Society. Lung function testing: selection of reference
values and interpretive strategies. Am Rev Respir Dis 1991;144:1202-18.
American Thoracic Society. Standardization of spirometry: 1994 update.
Am J Respir Crit Care Med 1994;152:1107-36.

Bernstein IL, Storms WW. Practice parameters for allergy diagnostic
testing. Ann Allergy Asthma Immunol 1995;75:553-625.

Expert Panel Report 2. Guidelines for the diagnosis and management of
asthma. Bethesda (MD): National Institutes of Health, National Heart,
Lung, and Blood Institute; 1997. Publication No.: 97-4051.

. Glantz SA. Primer of biostatistics. 4th ed. New York: McGraw-Hill,

Health Professions Division; 1997.

Deichmann KA, Heinzmann A, Forster J, Dischinger S, Mehl C,
Brueggenolte E, et a. Linkage and allelic association of atopy and mark-
ers flanking the 1L 4-receptor gene. Clin Exp Allergy 1998;28:151-5.
Broder |, Barlow PR, Horton RIM. The epidemiology of asthma and hay
fever in a total community, Tecumseh, Michigan, I1: the relationship
between asthma and hay fever. JAllergy 1962;33:524-31.

37.

38.

39.

41.

42.

46.

47.

49.

50.

51.

52.

J ALLERGY CLIN IMMUNOL
NOVEMBER 1999

Broder |, Barlow PP, Horton RIM. The epidemiology of asthma and hay
fever in atotal community, Tecumseh, Michigan, I: description of study
and general findings. JAllergy 1962;33:513-23.

Broder 1, Higgins MW, Matthews KP, Keller JB. Epidemiology of asth-
ma and allergic rhinitis in a total community, Tecumseh, Michigan, IlI:
second survey of the community. JAllergy Clin Immunol 1974,54:100-
10.

Mitsuyasu H, YanagiharaY, Mao X-Q, Gao P-S, Arinobu Y, Ihara K, et
al. Dominant effect of 11e50Val variant of the human IL-4 receptor a
chainin IgE synthesis. J Immunol 1999;162:1227-31.

. Grimbacher B, Holland SM, Puck JM. The interleukin-4 receptor variant

Q576R in hyper-lIgE Syndrome. N Engl J Med 1998;338:1073-4.

Wang HY, Shelburne CP, Zamorano J, Kelly AE, Ryan JJ, Keegan AD.
Effects of an allergy-associated mutation in the human IL-4Ra (Q576R) on
human IL-4-induced signal transduction. J Immunol 1999;162:4385-9.
Ryan JJ, McReynolds LJ, Keegan A, Wang L, Garfein E, Rothman P, et
al. Growth and gene expression are predominantly controlled by distinct
regions of the human IL-4 receptor. Immunity 1996;4:123-32.

. Deichmann K, Bardutzky J, Forster J, Heinzmann A, Kuehr J. Common

polymorphisms in the coding part of the IL4-receptor gene. Biochem
Biophys Res Comm 1997;231:696-7.

. Haque SJ, Harbor P, Tabrizi M, Yi T, Williams BRG. Protein tyrosine

phosphatase Shp-1 is a negative regulator of |L-4— and IL-13—dependent
signal transduction. J Biol Chem 1998;273:33893-6.

. Thomas ML. Of ITAMs and ITIMs: turning on and off the B cell antigen

receptor. J Exp Med 1995;181:1953-6.

Pan P, Gialourakis C, Coggeshall, Cambier J, Rothman PB. The role of
SHP-1 and SHIP-1 in IL-4 signaling pathway [abstract]. FASEB J
1998;12:A1084.

Imani F, Rager K, Catipovic B, Marsh D. Interleukin-4 (IL-4) induces
phosphatidylinositol 3-kinase (p85) dephosphorylation. J Biol Chem
1997;272:7927-31.

. Klingmuller U, Lorenz U, Cantley LC, Neel BG, Lodish HF. Specific

recruitment of SH-PTPL1 to the erythropoietin receptor causes inactiva-
tion of JAK2 and termination of proliferative signals. Cell 1995;80:729-
38.

Noguchi E, Shibasaki M, Arinami T, Takeda K, Yokouchi Y, Kobayashi
K, et a. No association between atopy/asthma and the 11e50val poly-
morphism of the IL-4 receptor. Am J Respir Crit Care Med
1999;160:342-5.

Leung DY M, Martin RJ, Szefler SJ, Sher ER, Ying S, Kay AB, et a. Dys-
regulation of interleukin 4, interleukin 5, and interferon g gene expres-
sion in steroid-resistant asthma. J Exp Med 1995;181:33-40.

Sher ER, Leung DY, Surs W, Kam JC, Zieg G, Kamada AK, et al.
Steroid-resistant asthma: cellular mechanisms contributing to inadequate
response to glucocorticoid therapy. J Clin Invest 1994;93:33-9.

Leung DY, deCastro M, Szefler S, Chrousos GP. Mechanisms of gluco-
corticoid-resistant asthma. Ann N'Y Acad Sci 1998;840:735-46.



