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The introduction of molecular cloning techniques has led to advances in
allergen identification and sequencing, production of recombinant allergens,
identification of B-cel] and T-cell epitopes, and tertiary structural analysis of
allergen molecules. Over 10 groups of mite allergens have been cloned from
Dermatophagoides spp., as well as several homologous allergens from
Euroglyphus maynei, Lepidoglyphus destructor, and Blomia tropicalis. The
availability of these allergens has made it feasible to consider their use for
both diagnostic and therapeutic purposes. Several recombinant
Dermatophagoides allergens show comparable reactivity on skin testing and
in serologic assays to natural allergens, and cocktails of the recombinant
proteins could be used as diagnostic reagents. New technologies have been
developed for detection of allergen-specific IgE and for environmental
allergen detection using rapid diagnostic tests. Novel approaches to
immunotherapy are also being investigated, including T-cell-peptide-based
vaccines, allergen variants which lack IgE reactivity, and naked DNA
vaccines. The application of allergen biotechnology should lead to
improvements in the management of mite-allergic patients with asthma and
represents a logical step toward reducing asthma mortality and morbidity.
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The application of molecular biology techniques to
allergen identification and analysis has made a
major impact over the past 5 years, especially for
dust-mite allergens. Over 10 allergens have now
been cloned from the genus Dermatophagoides,
and many have been expressed in bacteria or yeast
as immunoreactive recombinant proteins. Tliese
allergens include the established major allergens
(e.g., Der p 2), as well as new allergens that have
been identified and defined as a result of cloning
studies (e.g., Der p 5 and Der p 7). Amino acid
sequence data have been used to derive the func-
tion of mite allergens, through sequence similarity
searches of protein databases, and to design experi-
ments to define epitopes recognized by IgE (and
IgG) antibodies and by T cells of allergic patients
(1-3). Homology searches and molecular model-
ing have been used to predict three-dimensional
allergen structure, and definitive structures are
being determined by nuclear magnetic resonance

spectroscopy or X-ray crystallography using re-
combinant allergens (4). For the clinician, the
"bottom line" in these studies is the developtnent
of new diagnostic products atid new immuno-
therapeutic approaches to allergy treattnent (Table
1)-

On a worldwide basis, mites are the most itnpor-
tant allergens associated with asthma, and, in spite
of the extensive availability of antiasthtna drugs
over the past 20 years, the mortality and morbidity
of asthma have continued to increase in Western
populations. Knowledge of the molecular biology
and immune response to mite allergens will allow
the inflammatory mechanisms involved in bron-
chial hyperreactivity to be established and will
provide a rational basis for developing immuno-
therapies and allergen-avoidance procedures. This
review describes recent progress in the tnolecular
biology of mite allergens and outlines the clinical
applications of "allergen biotechnology".
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Table 1. Impact of molecular biology on research and clinical practice in allergic

disease

• Identification and cloning of allergens

• Sequence homology searches - biologic function

• Production of recombinant allergens

• Identification of anfigenic determinants

- Site-directed mutagenesis (IgE Ab)

- Derivation of T-cell clones and epitope mapping

- Analysis of allergen-specific immune response

• Molecular modeling/three-dimensional structure

• Development of new diagnostic and therapeutic products

Molecular biology
Mite allergens that fulfill the criteria for inclusion
in the systematic WHO/IUIS allergen nomencla-
ture are listed in Table 2. This list of 10 allergens
accounts for most of the IgE-binding bands origi-
nally identified by crossed immunoelectrophoresis
or immunoblotting techniques (5). Most patients
have strong IgE responses to the group f and group
2 allergens, but the prevalence and magnitude of
IgE antibody responses to the other allergens are
usually lower. However, serologic analyses of the
prevalence of IgE antibody responses may vary
according to the sensitivity of the IgE assay used
and on how the patient population is selected.
Some studies have described patients who have
high levels of IgE to other allergens; e.g., Der p 7
or Der p 10 (2, 6).

As a result of sequence homology searches, the
biologic function of several mite allergens has been
established. The allergens include several enzymes,
such as cysteine and serine proteases (Der p 1, Der
P 3, Der p 9), amylase (Der p 4), and glutathione
transferase (Der p 8), as well as allergens of
unknown function (Der p 5 and Der p 7) (7-10).
The proteases are excreted at high concentration
in mite feces, and protease activity has been
demonstrated in mite extracts and in house-dust
extracts (11). Tlie group 2 allergens have homology
with a human epididymal protein, and it has been

Table 2. Purified allergens from D. pteronyssinus and D. farinae

Allergen
Prevalence of

IgE Ab MW (kDa) Biologic function

Group 1

Group 2

Group 3

Der p 4

Group 5

Der p 6

Group 7

Der p 8

Der p g

Group 10

HU-9U%
> 9 0 %

~ 60%

40%
40%
40%
50%
40%

> 6 0 %

> 8 0 %

25
14
28-30

60
14
25
22
26
30
36

Cysteine protease

Epididymal protein

Serine protease (trypsin)

Amylase

Unknown

Chymotrypsin

Unknown

Glutathione-S transferase

Collagenolytic serine protease

Tropomyosin

suggested that these allergens are produced by
male mites as part of the reproductive process (12).
Tlie observation that several mite allergens are
proteases led Stewart and colleagues to propose
that the protease activity plays an intrinsic role in
enhancing or initiating IgE antibody responses.
Support for this hypothesis comes from recent data
showing that purified Der p 1 can cleave CD23 on
B-cell lines, and that both Der p 1 and Der p 9
proteases cause detachment of epithelial cell mono-
layers in vitro and release of proinflammatory
cytokines from human bronchial epithelial cells
(11-13). Thus, these proteases could enhance pas-
sage of allergen molecules through the respiratory
mucosa and upregulate IgE production through
their action on CD23.

In addition to Dermatophagoides species, major
allergens have also been cloned from Euroglyphus
maynei, Lepidoglyphiis destructor, and Blomia
tropicalis. Extracts of these species are not com-
mercially available, and recombinant allergens may
provide the best approach to producing their aller-
gens. Homologs of the Dermatophagoides group 1
and group 2 allergens have been amplified from
E. maynei cDNA and the major L. destructor
allergen, Lep d 2, shows -40% sequence identity
to Dermatophagoides group 2 (15, 16). Allergens
produced by Dermatophagoides spp. were not
detected by inimunoassay in B. tropicalis extracts,
and immunoabsorption and RAST inhibition stud-
ies have suggested that Blomia allergens are largely
species specific (17). Molecular cloning has identi-
fied a series of B. tropicalis allergens, one of which
shows 40% amino acid sequence homology to
Der p 5 (18). Tlie prevalence of IgE antibody to
this allergen. Bio t 5, is 60-70% in patients from
tropical countries (e.g., Brazil, Colombia, Singapore),
who may be exposed to high levels of B. tropicalis
in their homes. Other B. tropicalis allergens include
a troponin and several allergens of 15-25 kDa
which have been partially characterized (18-20).
Because B. tropicalis is not found in temperate
climatic regions, analysis of IgE responses to the
group 5 allergens in exposed and nonexposed
patients provides a useful model for comparing anti-
genic cross-reactivity between Blomia and Dermato-
phagoides spp. A surprisingly large number of
patients (-60%) exposed primarily to Dermato-
phagoides allergens (e.g., from the UK) give posi-
tive skin tests to B. tropicalis extracts, suggesting
allergenic cross-reactivity. However, most of these
patients have no detectable IgE antibody to Bio t
5, in contrast to patients from South America, who
show positive IgE antibodies to both group 5
allergens (21, 22). Tliis suggests that there are other
cross-reacting allergens in Blomia and Dermato-
phagoides spp. that remain to be identified.
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Emerging diagnostic technologies
Recombinant allergen diagnostics

With the exception of the group 1 allergens, most
of the recombinant mite allergens that have been
produced show strong reactivity to IgE antibodies,
as judged by serology and by immediate skin
testing. Group 1 allergens produced in bacteria or
yeast show partial reactivity to IgE antibodies as
compared to the natural allergen, whereas there is
an excellent correlation between IgE binding to
natural or recombinant group 2 allergens. Similarly,
recombinant group 5 and group 7 allergens show
strong reactivity to IgE antibody (the natural mole-
cules have not been isolated as yet, and the recom-
binants are the sole source of the allergens). These
results suggest that it would be possible to use a
"cocktail" of three or four recombinant mite aller-
gens for diagnostic purposes, either for skin testing
or in vitro assays. We are carrying out a large,
multicenter skin test study in several parts of the
world and have currently tested over 100 patients
with recombinant group 5 allergens. Patients from
Brazil and Singapore give positive skin tests to both
allergens, correlating with serum IgE antibody
responses (22, 23). Overall, the prospects for using
recombinant mite allergens as diagnostics look
promising, especially for allergens such as Blomia,
where commercial extracts are not available.
Another advantage of recombinant allergens is that
they could be readily standardized in mass units,
and the content of recombinant cocktails could be
accurately defined.

Chimeric antibodies

We have recently collaborated with Drs Rob Aalberse
and Janine Schuurman (University of Amsterdam,
The Netherlands) to produce chitneric allergen-
specific antibodies, using the F(ab)'2 dotnains of
monoclonal mouse anti-Der p 2 coupled to the
Fc portion of human IgE, IgGl, or IgG4 (24).
These molecules behave essentially as human
allergen-specific probes and can be used to quanti-
tate antibody responses. The chimeric IgE anti-Der
p 2 can be used to quantitate IgE antibody assays
in terms of absolute units of IgE. Moreover, the
binding curves for IgE binding to a panel of indoor
allergens (e.g., Der p 1, Fel d 1, Can f 1) are parallel
to those of the anti-Der p 2 IgE chimeric antibody;
therefore, this antibody can be used to measure IgE
(e.g., by ELISA) potentially to any single allergen
(25). These assays are designed for use in epidemi-
ologic or immunogenetic studies to compare IgE
responses to specific allergens and could also be
used for serodiagnosis, in conjunction with re-
combinant allergens. In addition, allergen-specific

chimeric antibodies will be useful tools for investi-
gating the biologic function of different antibody
isotypes.

Rapid diagnostic tests for allergen analysis

Advances in molecular techniques can also be
applied to environmental allergen testing. The
"gold standard" for indoor allergen analysis has
been measurement of allergen in reservoir dust
samples or air satnples by ELISA with monoclonal
antibodies. However, it has been clear for some
time that we need more rapid tests, which may be
used in outpatient clinics, doctors' offices, pharmacies,
or patients' homes, in order to encourage patient
compliance with avoidance procedures and to make
environmental allergen monitoring more widely
available. Over the past year, more rapid semiquanti-
tative colorimetric tests have been developed to use
antibodies or allergens on nitrocellulose mem-
branes. Some of these tests, e.g., DUSTSCREEN™,
can detect multiple allergens within-3-4 h and can
be used to assess a patient's environmental allergen
exposure on dust samples assayed during the
course of an office visit. A further refinement has
been the development of rapid diagnostic tests
using gold-labeled monoclonal antibodies. These
tests are extremely sensitive (to 100 pg allergen/
test) and can be fabricated on dipsticks to detect
allergens within 10 min (26). Immunogold tests
have been developed for mite group 2 and cat
allergen Fel d 1. They are suitable for home testing
and use technology similar to that of pregnancy
tests. The development of rapid allergen detection
tests will greatly expand the use of environmental
allergen monitoring, and this in turn should lead to
better design of allergen-avoidance devices and
procedures.

New therapeutic strategies
Recombinant allergens and the amino acid
sequence information derived from cDNA cloning
are being used to develop new approaches to the
allergen-specific treatment of allergic disease.
Clearly, cocktails of recombinant allergens could
be used instead of allergen extracts in conventional
immunotherapy protocols. Several studies have
documented the quantity of major mite, cat, or
pollen allergen required to achieve effective immuno-
therapy (27). Using recombinant allergens would
enable more consistent allergen doses to be admin-
istered with, perhaps, a lower frequency of adverse
reactions. However, even with more refined aller-
gen dosing, the possibility remains that immuno-
therapies using IgE-reactive allergens will contitiue
to have side-effects similar to those of natural
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allergen extracts currently in use. For solution of
these problems, attention is being focused on new
forms of immunotherapy designed to downregulate
or inactivate allergen-specific T cells, or to alter the
T-cell phenotype from Tli2 to Thl. These therapies
would involve allergen peptides or variants that no
longer bind IgE, or specialized delivery systems
that would not result in interactions with IgE
antibodies. Epitope mapping studies using syn-
thetic peptides have identified a series of T-cell
epitopes on the group 1 and group 2 mite allergens
(reviewed by van Neerven et al. [3]). An immuno-
dominant Der p 1 peptide has been identified,
inhalation of which in experimental animals can
downregulate antibody responses and protect against
challenge with natural allergen administered in
Freund's adjuvant (28). However, human subjects
appear to recognize a broad repertoire of T-cell
epitopes on the group 1 and 2 allergens, and it is
not clear that immunotherapy using individual
peptides would be sufficient to abrogate the T-cell
response to natural allergens (3). Another approach
which we have suggested is to use full-length mite
allergen cDNAs which have been modified by site-
directed mutagenesis so that they have reduced
binding to IgE antibodies (29, 30).

Substitution of cysteine residues (Cys 21 and 73)
on Der p 2 can reduce IgE reactivity on skin testing
by up to 100-fold, and these cysteine variants
appear to retain T-cell reactivity. Thus, it would be
possible to carry out site-specific mutations and
produce recombinant allergen variants that retain
T-cell epitopes but no longer bind IgE. This is
somewhat analogous to attempts in the past with
polymerized allergen extracts or allergen digests,
but the advantage of recombinant variants is that
the mutations can be clearly defined (an important
point for regulatory purposes).

A key question that has not been considered in
previous studies of immunotherapy is whether
allergen immunization early in life would be more
effective at preventing the development of IgE
responses and subsequent allergic disease. Atten-
tion has recently focused on the importance of
allergen exposure early in life and whether or not
It would be possible to induce allergen-specific Thl
responses in the neonatal period which would not
progress to Th2 responses after subsequent natural
allergen exposure. It is well known that children
born to one or two atopic parents are at high risk
of developing allergic disease; thus, such children
could be a target for early intervention, either by
inimunotherapy or allergen avoidance. Holt has
proposed that immunization with allergens together
with a Till adjuvant in the first 1-2 years of Hfe
could result in the development of "nonpathogenic"
IgG responses without IgE antibody production

(31). Such an adjuvant could include interleukin
(IL)-12 and recent experiments have shown that
IgE antibody responses were suppressed in mice
immunized with ovaIbumin-IL-12 constructs (Dr
Dale Umetsu, Stanford University, USA, personal
communication).

Another recent approach has been the dev-
elopment of plasmid or "naked" DNA vaccines
which preferentially induce Till responses. In
mice, immunization with |3-galactosidase in a cyto-
megalovirus expression vector (pCMV) induced
IgG2a, but not IgE responses, and also inhibited
ongoing secondary IgE responses (32). This type
of vaccine has been shown to suppress igE
antibody responses, airway hyperreactivity, and
histaniine levels in bronchoalveolar lavage fluids
in rats immunized with pCMV coupled to mite
allergen Der p 5 (33). Naked DNA vaccines
can be administered intradernially with standard
scratch test applicators (as used in delayed
hypersensitivity testing). Tliey are thought to
induce Thl responses either through a presenting
allergen on class I HLA molecules or by inducing
production of IL-12 from antigen-presenting cells
(32).

Conclusions
The mite allergen Der p 1 was the first inhaled
allergen to be cloned, and advances in the mole-
cular biology of mite and other allergens over
the past 10 years have spawned a burgeoning of
allergen biotechnology. Recombinant mite aller-
gens have already been used extensively in
research studies, and, inevitably, these molecules
will be introduced into clinical practice over the
next few years. Current indications are that re-
combinant allergens will be used to develop new
diagnostic reagents and procedures which will
allow the sensitivity of allergic patients to be
more clearly defined. Tlie efficacy of new forms
of treatment will have to be determined by
clinical trials of allergen peptides or other vac-
cines. Trials of the efficacy of the cat allergen
Fel d 1 peptides are being carried out, and pre-
liminary results indicate that these peptides can
cause reductions in symptom scores (34). Formula-
tion of peptide vaccines for mite allergens will
require further studies of T-cell responsiveness in
large populations of mite-allergic patients (and
nonatopic controls), as well as quantitative com-
parisons of T-cell responses to the "group of 10"
mite allergens that have been cloned. In view of
the importance of mite allergens in asthma, these
studies will form an integral part in developing new
treatments aimed at reducing asthma mortality and
morbidity.
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