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Genetic variation in the beta subunit of the high affinity
IgE receptor and atopy and asthma
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This issue features two articles providing further evidence
that genetic variants of the beta subunit of the high
affinity IgE (FceRI-B) - and in particular a gene promoter
variant, substituting T for C nucleotide at position -109 -
may contribute to the development or expression of
asthma.

Kim et al. from Korea [1] report that T -109 up-regulates
beta function through enhanced gene promoter activity,
as determined by transfection experiments in cell lines.
T -109 also associates with the presence of high IgE to
staphylococcal enterotoxin in aspirin sensitive asth-
matics. The group consider that the variant may hence
augment the expression of asthma through increased beta
expression on pulmonary mast cells holding IgE to sta-
phylococcal enterotoxin.

Hizawa et al. from Japan [2] report that T -109 (and also
CC -654 in haplotype analysis) associate with less asthma.
In the same study they show that the 5G allele of plasma
activator inhibitor 1 (PAI-1) associates with less asthma,
and that the variants at both loci may interact in their
effects on the risk of asthma. The group consider that the
functional impact of variants of FceRI-B remain difficult
to pin down because of the co-inheritance of different
variants spanning the whole gene. Their observations of
the 5G/4G variant of PAI-1 build on previous observations
that this functional variant (4G shows enhanced transcrip-
tion and hence up-regulated function in comparison with 5G)
impacts on inhibition of fibrinolysis and hence remodeling of
the bronchus after mast cell driven inflammation.

Unraveling the genetics of common diseases holds great
promise for improved prevention and treatments in the
future [3]; but the challenge in this unraveling has been
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and continues to be serious. This derives from the hetero-
geneous molecular pathology that comes from lumping
clinical cases under one banner such as “asthma’. This is
in turn a reflection of the reality that the genetic risks for
the common diseases reside very largely in common
genetic variants, each promoting moderate rather than
major functional effect. Clinical disease ensues when
individuals hold disease-promoting variants at a number
of loci (polygenic disorder); moreover the combination of
variants held at different loci in different individuals with
same clinical disease will vary (genetic heterogeneity).

The study of the molecular genetics of both asthma and
atopic allergy exemplifies these complexities well. Multi-
ple chromosomal regions of genetic linkage have been
observed. Some are related principally to asthma, others
to atopy. Some of the specific loci implicated, such as
those that impact on Th-2 signalling [4,5], are readily
understandable in molecular pathological terms-others
such as ADAM33, PHF11 and GPRA [6] are the subject of
productive on-going investigation. Very many linkages
and associations have been replicated in some way and in
some populations-but instances of variable results across
case series and ethnic groups abound. Polygenic effects
are important, where a number of common variants at
different loci interact with the environment to result in
clinical phenotypes. Hence odds ratios for combined
genotypes are substantially greater than ORs for single
loci, eg odds ratios for combined genotypes at [1-13, [L4Ra
and STAT-6 in Th-2 signalling [5]. In some instances,
there may be the first glimpses of the evolutionary origin
of these asthma and atopy promoting variants, for exam-
ple in their possible protection against parasitic worm
infections [7,8].

What then specifically of the role of genetic variants
FceRI-f in asthma and atopy? The reports of Kim et al and
Hizawa et al. support a significant role for the gene-but
together re-emphasise unraveled complexities at the lo-
cus. FceRI-B-through chromosome 11q13 - was the first
non-HLA locus linked to asthma and atopy [9,10]. Despite
early non-replications it’s evident now that genetic
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linkage, in family studies, to chromosomal region 11q13 is
replicable across different populations. Mapping of the
region, allowing for the difficulties of heterogeneity,
strongly favour FceRI-f as the locus at that site [11].
Association studies across different populations are also
reproducible [1,2].

But attempts to gain final proof of the involvement of
beta variants in promoting asthma and atopy-through the
demonstration of functional change-have not so far
succeeded. These attempts have helped unearth remark-
able complexities in the intrinsic actions of FceRI-f itself
and-complexities that have probably so far undermined
the attempts to understand how genetic variants of FceRI-
B change function. But that may be about to change.

Beta is one of the sub-units of the high affinity IgE
receptor-together with the alpha and gamma subunits
[12]. The importance of IgE based mechanisms in asthma
as been re-emphasized by the therapeutic impact of
humanized anti-IgE monoclonal antibody treatment for
atopic asthma [13]. FceRI-P contributes to the receptor on
mast cells in an a-f-y? configuration, but is absent from
the receptor as expressed on antigen presenting cells
where the configuration is o-y* [14,15).

When FceRI-f is present on mast cell bound high
affinity IgE receptor, it appears not to contribute to either
IgE binding or receptor signaling—which are respectively
conferred by the alpha and gamma subunits [15,16].
Instead, recent experiments indicate an amplifier function
for beta [17]. Firstly, beta acts as an amplifier of signaling
through the «-f-v? receptor itself [18]. More intriguingly,
beta plays a key role in amplifying the necessary proces-
sing through glycoslation of alpha subunit protein at the
cellular endoplasmic reticulum, and the delivery of alpha
to the surface of the mast cell [19]. These amplifier actions
of beta are hence vital to allergen-IgE mediated degranu-
lation of mast cells in the bronchial epithelium. The action
of the molecule as an amplifying element suggests that
subtle changes in the relative level of FceRI-f3 expression
may impact on mast cell triggering.

This amplifier role of beta protein is further complicated
by the natural expression of FceRI-f3 protein both as a full
length protein and as a truncated protein. The truncated
protein lacks the normal 4th trans-membrane domain-
which is due to natural alternative splicing of beta RNA in
which there is inclusion of intron 5, and which introduces
a stop codon. Moreover full beta and truncated beta
have opposing functions—full beta accounts for the am-
plifying functions referred to, whereas truncated beta is
inhibitory to alpha processing and delivery to the mast
cell surface [20].

It's perhaps notable that the common I1181L-1183V
variant of beta-and which was first associated with
asthma and atopy-is within the 4™ trans-membrane
domain which is deleted through alternative gene spicing.
It’s possible that the function-modulating actions of this

variant pertain strictly to influencing beta amplifying
actions as described-and this now requires thoughtful
testing. With regards to other variants, this issue’s pub-
lication by Kim et al. suggest that the promoter variant -
109 T/C may influence beta promoter activity and could
hence quantitatively regulate the production of beta
protein. This now needs further testing.

In conclusion, the story of beta variants in asthma and
atopy continues to run-and at last we seem a little closer
to properly understanding these complex effects.
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