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but not by preincubation with A fumigatus and F culmo-
rum extracts. Similarly, mycoprotein extract could inhibit
the reactions to A alternata and C herbarum but not the
reactions to A fumigatus. This provides evidence of shared
allergenic determinants at 15-16 kd between the mycopro-
tein, A alternata, and C herbarum; in contrast, the 31-kd
band of A fumigatus seems to be unrelated to any myco-
protein band. It has to be emphasized that no allergen has
yet been described with such molecular mass in Cla-
dosporium extracts.3 In Alternaria extracts, the reduced
form of Alt a 1 is known to be detected at such molecular
mass,3 but inhibition experiments with recombinant Alt a
1 (Biomay, Vienna, Austria), in reduced and nonreduced
form, demonstrated no link between the major allergen of
Alternaria and the proteins recognized by our patient,
which thus represent newly described allergens.

Until now, according to information obtained from the
company itself, there have been 5 proven positive skin
prick test results in individuals who have apparently react-
ed to mycoprotein in a manner suggestive of IgE involve-
ment. In the literature, the immunologic status of 12
workers involved in mycoprotein production and 10 indi-
viduals who presented with vomiting or diarrhea after its
ingestion has been investigated.4 Sensitization to the
product has been demonstrated in 2 workers, but they had
no symptoms. Data from the complaining consumers led
the authors of that study4 to the conclusion that the mech-
anisms involved were probably not IgE-mediated. In the
same study, RAST-inhibition experiments with mold-sen-
sitized sera demonstrated immunologic cross-reactivity
between mycoprotein and A alternata, C herbarum, and
A fumigatus, which therefore indicated that patients aller-
gic to molds might react to mycoprotein.

If food-pollen cross-reactivity and food-latex cross-
reactivity are well-known syndromes,5 food–mold spores
cross-reactivity is in comparison very poorly document-
ed. A single case report has recently been published that
describes cross-reactivity between mushroom and mold
spores.6 This case and ours suggest the existence of mold
spore–food cross-reactivity as a new inhalant-associated
food allergy syndrome. In such syndromes, it is general-
ly considered that inhalant allergy precedes and induces
food allergy.5 The fact that our patient, to the best of her
knowledge, had never previously eaten a Quorn product
indicates a primary sensitization by inhaled mold spores.
If this is the case, patients sensitized to mold spores (at
least Cladosporium and Alternaria) could be at risk
when eating such a product, even for the first time. 

Although this new type of inhalant-associated food
allergy seems to be rare and the kind of cross-reactivity
presented here rather exceptional, special attention
should be given to its occurrence and to the potential for
a rise in its incidence as the consumption of products
containing edible fungi or food ingredients derived from
fungal fermentations continues to increase.
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Association of thromboxane A2 receptor
(TBXA2R) with atopy and asthma

To the Editor:
Human thromboxane A2 (TBXA2) is a potent con-

strictor of the airway smooth muscle and an inducer of
acetylcholine release and of airway microvascular leak-
age.1 It may play a part in the thickening and remodeling
of the airway wall that may in turn contribute to airway
hyperresponsiveness, a typical feature of asthma. The
receptor for TBXA2, thromboxane A2 receptor
(TBXA2R, MIM# 188070), is a member of the family of
G protein–coupled receptors and performs an essential
role in hemostasis by interacting with thromboxane.
TBXA2R is located on chromosome 19p13.31 and con-
tains 4 exons with total length of 15 kb, composed of 343
amino acids.2 TBXA2 and its receptor (TBXA2R) are
involved in the constriction of vascular and respiratory
smooth muscles. Significantly, 1 polymorphism in the
TBXA2R gene (TBXA2R+924T > C) was recently found
to be associated with asthma and atopic asthma.3,4

To assess whether genetic variants of the TXA2 recep-
tor gene relate to the asthma phenotypes, we conducted an
association study of genetic polymorphisms of TXA2
receptor (TBXA2R+795T > C and TBXA2R+924T > C) in
a Korean asthma cohort (n = 721). In our article, we pre-
sent a positive association of genetic polymorphisms with
asthma and atopy development in the Korean population.

Subjects were recruited from the Asthma Genome
Research Center, which consists of 4 tertiary hospitals in
Korea (Soonchunhyang University Hospital, Ajou Uni-
versity Hospital, Choong-Ang University Hospital, and
Ulsan University Hospital). Ethical approvals were
obtained from the institutional review board of each hos-
pital. All patients had clinical symptoms and a physical
examination compatible with asthma. Each patient
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showed airway reversibility as documented by an inhalant
bronchodilator-induced improvement of more than 15%
of FEV1 or an airway hyperreactivity of less than 10
mg/mL of methacholine. Normal subjects were recruited
from spouses of the patients and the general population
who answered negatively to a screening questionnaire for
respiratory symptoms and had an FEV1 greater than 75%
predicted, PC20 methacholine greater than 10 mg/mL, and
normal findings on a simple chest radiogram. Total IgE
and specific IgE to Dermatophagoides farinae and D
pteronyssinus were measured using the CAP system
(Pharmacia Diagnostics, Sweden). Atopy was defined by
the presence of an immediate skin reaction (histamine of
> 3 mm in diameter) to 1 or more of 24 common aeroal-
lergens (dust mites [D farinae and D pteronyssinus], cat
fur, dog fur, cockroach, grass, tree pollens, and ragweed),
or by the positive response (score ≥ 1) of specific IgE to
D pteronyssinus or D farinae. (The clinical parameters are
available at http://www.snp-genetics.com/user/news_con-
tent.asp?board_idx=141). Sequences of amplifying and
extension primers for TBXA2R+795T > C and
TBXA2R+924T > C were forward-5′-gagtggaccctggatct-
ca-3′, reverse 5′-gcgctctgtccacttcct-3′, extension-5′-
cgcagcactgtctgggc-3′ (TBXA2R+795T > C), and exten-
sion-5′-tcctggacccctgggtgta-3′ (TBXA2R+924T > C). A
single base extension method was used for genotyping of
single nucleotide polymorphisms (SNPs) in TBXA2R as
described previously5 (available at http://www.snp-genet-
ics.com/user/news_content.asp?board _idx=140). The
genotype distribution of TBXA2R SNPs and haplotypes
between (1) patients with bronchial asthma and normal
subjects, and (2) atopic and nonatopic subjects were ana-
lyzed by logistic regression models controlling for age
(continuous value), sex (male = 0, female = 1), and smok-
ing status (categorized as nonsmoker = 0, exsmoker = 1,
and smoker = 2) as covariables. Three SNPs have been
reported previously in TBXA2R (TBXA2R+179(R60L) G
> T, TBXA2R+795T > C, and TBXA2R+924T > C). But
the nonsynonymous SNP in exon 1 (TBXA2R+179(R60L)
G > T) was excluded in genotyping because of extremely
low frequency in the Japanese population (freq = 0.003, n
= 165).3 Two SNPs in TBXA2R (TBXA2R+795T > C and
TBXA2R+924T > C) showed complete linkage disequi-
librium (|D′| = 1 and d2 ≠ 1), so only three haplotypes
were constructed. TBXA2R-ht1[C-C] and TBXA2R-ht3[T-
T] were equivalent with TBXA2R+795T > C and
TBXA2R+924T > C, respectively. The allele frequencies
of TBXA2R+795T > C, TBXA2R+924T > C, and
TBXA2R-ht2[C-T] were 0.38, 0.20, and 0.17 in the Kore-
an population (n = 721), respectively.

Genetic associations of two known variants in
TBXA2R with asthma and atopy were analyzed. The sta-
tistical analyses are summarized in Tables I and II. In a
comparison of genotype distribution in patients with
asthma and normal controls, no significant differences
were detected by single SNPs. And the frequency of
TBXA2R-ht2[C-T] containing genotype in patients with
asthma was lower than that in normal controls (28.8% vs
35.6%, P = .004). In subgroup analyses with atopic sub-

jects only, the T allele of TBXA2R+795T > C in patients
with asthma was more frequent in them than in normal
controls (42.5% vs 27.8%, P = .004). Also, a higher fre-
quency of TBXA2R-ht2[C-T] containing genotype in
patients with asthma was detected (69.2% vs 59.0%, P =
.007). Although it was not statistically significant,
TBXA2R-ht2[C-T] containing genotype in patients with
asthma was also higher than in normal controls without
atopy (75.9% vs 69.4%, P = .31). In analyses of associ-
ation with atopy (Table II), the other SNP
(TBXA2R+924T > C), which showed no signal for
development of asthma, revealed a significant associa-
tion with atopy in all subjects and asthma patients (P =
.006-.008). TBXA2R-ht2[C-T] also seemed to have
weak signals with the same direction for atopy (P = .05-
.17) as in asthma development.

One of the genetic variants in the TXA2 receptor
(TBXA2R+795T > C) was reported previously to have an
association with serum IgE concentrations in atopic der-
matitis,7 increasing susceptibility to asthma3 and atopic
asthma4 developing. The results might be controversial,
because the effects of TBXA2R+795T > C were statisti-
cally marginal in the Chinese population (P = .04) and in
the Japanese population (P = .01-.03).3,4 In this study, we
could reproduce the association of genetic variants in
TBXA2R with developing asthma (TBXA2R-ht2 and
TBXA2R+795T > C) and with developing atopy
(TBXA2R+924T > C) in the Korean population. Similar-
ly, with study of the Chinese population,4 we could not
find a significant relationship of TBXA2R+795T > C with
serum total IgE (data not shown) reported in the Japanese
population in patients with atopic dermatitis.7 Although
asthma is a multifactorial condition, the strongest risk fac-
tor in the etiology of asthma is atopy. An atopic individ-
ual has a significantly greater probability of asthma devel-
oping, and persons with a family history of atopic disease
are at greatest risk of asthma. It is accepted that an
immunologic response to various allergenic stimuli,
including pet dander, dust mites, cockroaches, fungi, and
foods, is a major triggering factor in asthma symptom
development. The allergic response to dust mites involves
an immediate hypersensitivity reaction, including increas-
es in specific IgE antibodies and T cells of the TH2 phe-
notype. The associations of TBXA2R polymorphisms with
asthma and atopy simultaneously in this study provide
further evidence for a common genetic etiology of these
two highly correlated phenotypes. The roles of TBXA2R
in asthma and association results including this study sug-
gest that TBXA2R polymorphisms might play a critical
role in the development of asthma and atopy. In addition,
positive signals from TBXA2R haplotype suggest that the
effects of the TBXA2R variant could be the result of a
combined genotype (haplotype) rather than single poly-
morphisms. A clinical study showed that responders and
nonresponders to TBXA2 receptor antagonist exist in
patients with asthma.6 This raises the possibility that
TBXA2R polymorphism can influence the responsiveness
to TBXA2 receptor antagonist in patients with asthma or
that patients with asthma have a different pharmacoge-
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nomic pattern according to TBXA2R polymorphism. In
summary, polymorphisms (SNPs and haplotypes) in
TBXA2R showed a significant relationship with asthma
and atopy, although either the 795T > C or 924T > C vari-
ants do not confer an amino acid change. The frequency
of the TBXA2R-ht2[C-T] containing genotype in patients
with asthma was lower than that in normal controls
(28.8% vs 35.6%, P = .004). In addition, TBXA2R+924T
> C revealed a significant association with atopy in all
subjects and asthma patients (P = .006-.008). The results
of this study could be helpful in understanding the impor-
tant function of TBXA2R in asthma and atopy develop-
ment, and also could be a useful target for drug develop-
ment for asthma and atopy. 
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TABLE I. Genotype distribution of TBXA2R SNPs in bronchial asthmatic and normal subjects in a Korean population

P value*

Locus Group Genotype Co-dominant Dominant Recessive

All
T CT C

TBXA2R+795T>C BA 217 (40.7%) 240 (45%) 76 (14.3%) .11 .13 .29
NC 58 (35.4%) 79 (48.2%) 27 (16.5%)

T CT C
TBXA2R+924T>C BA 338 (63.7%) 169 (31.8%) 24 (4.5%) .39 .44 .55

NC 105 (64%) 52 (31.7%) 7 (4.3%)
–/– –/ht2 ht2/ht2

TBXA2R-ht2 BA 378 (71.2%) 135 (25.4%) 18 (3.4%) .003 .004 .10
NC 105 (64.4%) 49 (30.1%) 9 (5.5%)

Atopy
T CT C

TBXA2R+795T>C BA 157 (42.5%) 156 (42.3%) 56 (15.2%) .04 .004 .88
NC 22 (27.8%) 49 (62%) 8 (10.1%)

T CT C
TBXA2R+924T>C BA 248 (67.6%) 103 (28.1%) 16 (4.4%) .86 .57 .39

NC 50 (64.1%) 27 (34.6%) 1 (1.3%)
–/– –/ht2 ht2/ht2

TBXA2R-ht2 BA 254 (69.2%) 97 (26.4%) 16 (4.4%) .02 .007 .87
NC 46 (59%) 29 (37.2%) 3 (3.8%)

Nonatopy
T CT C

TBXA2R+795T>C BA 60 (37%) 82 (50.6%) 20 (12.3%) .88 .28 .09
NC 36 (42.4%) 30 (35.3%) 19 (22.4%)

T CT C
TBXA2R+924T>C BA 89 (54.9%) 65 (40.1%) 8 (4.9%) .25 .09 .56

NC 55 (64%) 25 (29.1%) 6 (7%)
–/– –/ht2 ht2/ht2

TBXA2R-ht2 BA 123 (75.9%) 37 (22.8%) 2 (1.2%) .12 .31 .06
NC 59 (69.4%) 20 (23.5%) 6 (7.1%)

BA, Bronchial asthmatic; NC, normal.
*P values for logistic analyses of 3 alternative models (codominant, dominant, and recessive) are shown, controlling age and sex as covariables. TBXA2R-ht1
and -ht3 were not analyzed because of equivalent models with TBXA2R+795T>C and TBXA2R+924T>C.
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Evidence for human mast cell nonreleaser
phenotype

To the Editor:
Mast cells and basophils express high amounts of

FcεRI. In basophils the concentration of anti-IgE or anti-
gen required for maximal histamine release through
FcεRI varies among donors, a concept termed
“releasability.” Some donors fail to release histamine in
response to any concentration of IgE-mediated stimulus

(nonreleaser)1-4 and were subsequently found to lack the
protein tyrosine kinase Syk.5 Although the nonreleaser
phenoytpe is common (ie, present in 10% to 20% of all
donors), it is not known whether mast cells exhibit a sim-
ilar IgE-mediated nonresponsiveness. We report here a
lung mast cell preparation that did not respond to IgE-
mediated stimuli.

Mast cells were dispersed from human lung tissue and
enriched as described previously.6 This donor was under-
going a thoracotomy for lung cancer and was not receiv-
ing steroid therapy. These studies were approved by the
Human Studies Internal Review Board at Virginia Com-
monwealth University. Mast cells were positively selected
with mouse anti-c-kit receptor antibodies (YB5B8, a gift
from Leonie Ashman) and bead-conjugated anti-mouse
antibodies, as per the manufacturer’s instructions (Mil-
tenyi, Auburn, Calif). A total of 3.2 × 107 cells were iso-
lated from 30 g of tissue. The purity of mast cells was
76%, as assessed with toluidine blue staining. The mast
cells were cultured at 1 × 106 cells/mL in RPMI medium
supplemented with 10% CPSR-1 (Sigma, St Louis, Mo),
10 µmol/L HEPES, 50 µmol/L 2-mercaptoethanol, 4
mmol/L L-glutamine, 1× MEM amino acids, 1× vitamin
solution, 100 U/mL penicillin, 100 µg/mL streptomycin
(Gibco, Gaithersburg Md), and 100 ng/mL recombinant
human stem cell factor (Biosource, Camarillo, Calif).
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TABLE II. Genotype distribution of TBXA2R SNPs in atopic and nonatopic subjects in a Korean population

P value

Locus Group Genotype Co-dominant Dominant Recessive

All T CT C
TBXA2R+795T>C No atopy 109 (36.7%) 139 (46.8%) 49 (16.5%) .81 .86 .82

Atopy 218 (38.6%) 261 (46.2%) 86 (15.2%)
T CT C

TBXA2R+924T>C No atopy 171 (57.2%) 112 (37.5%) 16 (5.4%) .01 .006 .49
Atopy 376 (66.9%) 162 (28.8%) 24 (4.3%)

–/– –/ht2 ht2/ht2
TBXA2R-ht2 No atopy 212 (71.4%) 76 (25.6%) 9 (3%) .03 .05 .16

Atopy 371 (66.1%) 164 (29.2%) 26 (4.6%)
Asthmatic

T CT C
TBXA2R+795T>C No atopy 60 (37%) 82 (50.6%) 20 (12.3%) .79 .39 .50

Atopy 157 (42.5%) 156 (42.3%) 56 (15.2%)
T CT C

TBXA2R+924T>C No atopy 89 (54.9%) 65 (40.1%) 8 (4.9%) .02 .008 .71
Atopy 248 (67.6%) 103 (28.1%) 16 (4.4%)

–/– –/ht2 ht2/ht2
TBXA2R-ht2 No atopy 123 (75.9%) 37 (22.8%) 2 (1.2%) .04 .07 .11

Atopy 254 (69.2%) 97 (26.4%) 16 (4.4%)
Normal control

T CT C
TBXA2R+795T>C No atopy 36 (42.4%) 30 (35.3%) 19 (22.4%) .83 .05 .04

Atopy 22 (27.8%) 49 (62%) 8 (10.1%)
T CT C

TBXA2R+924T>C No atopy 55 (64%) 25 (29.1%) 6 (7%) .51 .98 .11
Atopy 50 (64.1%) 27 (34.6%) 1 (1.3%)

–/– –/ht2 ht2/ht2
TBXA2R-ht2 No atopy 59 (69.4%) 20 (23.5%) 6 (7.1%) .44 .17 .38

Atopy 46 (59%) 29 (37.2%) 3 (3.8%)


