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ABSTRACT
The number of allergens that have been cloned has increased dramatically during the last 10 years,
and today, over 400 allergen sequences are available in the databases. In addition, at least 15 dust mite
allergens have been characterised. The group 1 and 2 mite allergens are of great importance, since
up to 90% of all mite sensitised individuals have IgE antibodies against those proteins.

This thesis focuses on cloning and characterisation of allergens from three different dust mite
species, Acarus siro, Tyrophagus putrescentiae and Lepidoglyphus destructor.

Two low molecular mass allergens from A. siro were identified and characterised. A 15 kDa com-
ponent was cloned and showed high sequence homology with fatty acid-binding proteins (FABP).
The allergen was named Aca s 13, was produced in E. coli as a recombinant protein and was shown
to be detected by 23% of the A. siro sensitised individuals. Amino acid sequencing of peptides from
the 17 kDa component also revealed sequence homology to FABP’s and Aca s 13, although the 17
kDa component was not classified as an isoform of Aca s 13 due to the size difference and the fact
that only a partial sequence was revealed.

The cDNA encoding a group 2 allergen from T. putrescentiae was sequenced and the deduced se-
quence consists of 126 amino acids with a 15 amino acid leader peptide. The allergen was named
Tyr p 2 due to its homology (about 40% sequence identity) to other mite group 2 allergens. Tyr p 2
was expressed in E. coli and shown to be detected by sera from T. putrescentiae sensitised individu-
als.

The IgE binding of recombinant Tyr p 2 and the previously cloned Lep d 2 was evaluated in the
Pharmacia RAST CAP system and was compared with the IgE binding to the corresponding com-
mercial extracts. Among the L. destructor and T. putrescentiae sensitised subjects, 73.3% and 60.5%
were positive to rLep d 2 and rTyr p 2, respectively, in the CAP assay. Although rLep d 2 and rTyr
p 2 are able do identify the majority of the subjects sensitised to L. destructor and T. putrescentiae,
respectively, it is obvious that additional recombinant allergens are needed to get reliable diagnos-
tic tools based on recombinant allergens. Therefore, a cDNA phage display expression library was
constructed and screened against sera from L. destructor allergic patients, using a modified selection
method. Three new allergens were identified, Ld 5 (originating from a partial Lep d 5 clone), Lep
d 7 and Lep d 13. The allergens were expressed in E. coli and were recognised by 9%, 62% and
13% of sera from 45 L. destructor sensitised subjects, respectively. 

An investigation of T-cell responses to the two cloned isoforms of Lep d 2 (01 and 02), a mutant
form of Lep d 2.01 (Lep d 2.6Cys) with a highly reduced IgE reactivity, as well as peptides derived
from Lep d 2, was performed in order to investigate the cellular responses to Lep d 2. Isoform 01
evoked greater proliferation of PBMC than isoform 02 and the response to rLep d 2.6Cys was in-
termediate. Although rLep d 2.6Cys evoked a lower T-cell response than rLep d 2.01, it may be a
good candidate for immunotherapy because of its low IgE reactivity. Two immunodominant pep-
tides corresponding to amino acid residue 11–25 and 61–75 were identified and are likely to contain
the immunodominant T-cell epitopes of Lep d 2. There was a correlation between the proliferation
to rLep d 2.01 and IFN-γ production in the group of non-allergic controls, suggesting that a strong
proliferative response is accompanied by a Th1 response in non-allergic individuals.

In conclusion, five new dust mite allergens have been cloned and characterised. These allergens
may be useful to improve the diagnosis of dust mite allergy. The T-cell studies indicated that mod-
ified recombinant allergens or peptides may be useful to improve current schemes of allergen-spe-
cific immunotherapy of dust mite allergy.
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ABBREVIATIONS AND DEFINITIONS

APC antigen presenting cell
A. siro Acarus siro
BSA bovine serum albumin
B. tropicalis Blomia tropicalis
cDNA complementary DNA
CD cluster of differentiation
cpm counts per minute
Cys cysteine
D. farinae Dermatophagoides farinae
D. pteronyssinus Dermatophagoides pteronyssinus
d71 Lepidoglyphus destructor whole extract in Pharmacia CAP System 

RAST® FEIA
d72 Tyrophagus putrescentiae whole extract in Pharmacia CAP System 

RAST® FEIA
E. coli Escherichia coli
ELISA enzyme-linked immunosorbent assay
E. maynei Euroglyphus maynei
FABP fatty acid-binding protein
G. domesticus Glycyphagus domesticus
His histidine
IFN-γ interferon-γ
Ig immunoglobulin
IL interleukin
IPTG isopropyl-β-D-thiogalactoside
kDa kilo dalton
L. destructor Lepidoglyphus destructor
MHC major histocompatibility complex
mRNA messenger RNA
n native
PBMC peripheral blood mononuclear cells
PCR polymerase chain reaction 
PVDF polyvinyldiene-difluoride
r recombinant
RACE rapid amplification of cDNA ends
RAST radioallergosorbent test
RT reverse transcription
SDS-PAGE sodium dodecyl sulphate polyacrylamide gel electrophoresis
SI stimulation index
SPT skin-prick test
T. putrescentiae Tyrophagus putrescentiae



INTRODUCTION

The immune system
The immune system consists of several functionally different leucocytes, which circulates in the
blood and the lymph vessels in search of non-self antigens. The defence system comprises two
parts, the innate and the adaptive immune responses. The actions of the innate immune system
are mediated by macrophages, neutrophils, mast cells and NK-cells, which do not have antigen-
specific receptors. This part of the immune system acts basically in the same way in all individu-
als. The adaptive immune system on the other hand, consists of cells that after an initial en-
counter with a particular foreign antigen, have proliferated and expanded to produce identical
progeny cells with identical antigen-recognition properties. The adaptive immune system is me-
diated by B- and T-cells, which have antigen specific receptors. Surface bound immunoglobulins
(Ig) function as the B-cell receptor while the T-cells have their antigen specific T-cell receptors
(TcR), which in contrast to the Ig’s never appears in secreted form. The B-cell receptor binds
antigen directly whereas the TcR recognises antigen-derived peptides in the context of major his-
tocompatibility complex (MHC) molecules that are present on antigen presenting cells (APC).
These MHC molecules are divided into two subclasses, MHC I and MHC II. The MHC mole-
cules have the highest allelic polymorphism known and both parental alleles are expressed on in-
dividual cells. In addition to antigen recognition, B- and T-cells play an essential role in im-
munological memory (Janeway, Travers & Walport 1999). 

An APC can be defined as any cell that expresses MHC that can bind antigenic peptides, which
in turn are recognised by T-cells (Austyn 2000). B-cells, dendritic cells and monocytes/
macrophages are regarded as professional antigen presenting cells, although antigen presentation
can be carried out by other cell types such as endothelial cells and fibroblasts (Bieber 1996). 

Allergy
Allergic diseases have increased in prevalence during the past 30 years, but the reason for this and
why some individuals develop allergic reactions to innocuous substances such as mites, pollen
grains and animal dander, is not known. A person with allergic heredity is at an increased risk of
sensitisation and allergic disease (Ruffilli & Bonini 1997) and the search for the genes responsible
has been quite extensive. Chromosome 11q13, where the gene for the high affinity receptor for
IgE (FcεRI) is located, was the first genetic region linked to atopy (Cookson et al 1989). Evidence
for linkage to chromosome 11q13 has also been obtained for specific IgE against the mite Der-
matophagoides farinae (Hizawa et al 1998). Not surprisingly, attention has also been paid to the cy-
tokine gene cluster on chromosome 5q where the genes for interleukin (IL) IL-4, IL-5, IL-13,
IL-9 and GM-CSF are located (Cookson & Moffatt 1999). Although some interesting evidence
has emerged, like polymorphism in the IL-4 promotor (Song et al 1996) and polymorphism in the
gene encoding IL-13 (Vercelli 2000), genetic factors alone cannot explain the increased preva-
lence of allergic diseases. Genetic changes take more than one or a few generations to give a pro-
nounced effect on a population basis and it is therefore obvious that other factors contribute. Sev-
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eral environmental factors have been suggested as potential explanations, like decreased numbers
of infections, changes in vaccination programmes, smaller families in western societies and
change of diet and intestinal flora.

Allergic reactions to mites is a type I hypersensitivity reaction, according to the classification
by Coombs and Gell (Coombs & Gell 1975). A simplified overview of the allergic reaction is
shown in Figure 1. Initially, the allergen is internalised and processed by an APC. After process-
ing by the proteasome, the allergen-derived peptides are displayed on the surface of the APC
bound to MHC II and the T-cell receptor recognises the antigenic peptide in the context of
MHC II. The T-helper (Th) cells can be divided into two subsets according to their cytokine pro-
file (Mosmann et al 1986, Del Prete et al 1991). Th1 cells produce mainly interferon-γ (IFN-γ),
IL-2 and tumor necrosis factor β (TNF-β) while Th2 cells produce IL-4, IL-5, IL-13 and GM-
CSF. Th-cells that express both categories of cytokines are designated Th0 (Romagnani 2000).
IL-4 and IL-13 contribute to the allergic reaction by stimulating B-cells to switch to IgE produc-
tion (Del Prete et al 1988, Pène et al 1988) and IL-5 is essential for activation and survival of
eosinophils (Romagnani 1994). It is well known that IFN-γ inhibits the effects of IL-4 (Pene et al
1988). IFN-γ inhibits the development of Th2 cells, promotes the development of Th1 cells and
up-regulates MHC II expression.

Figure 1. A simplified overview of the allergic reaction (modified from van Neerven et al 1996).

Immunoglobulin E is the least abundant among the five classes of immunoglobulins but plays
a major role in type I allergic reactions. IgE antibodies bind to the high affinity receptor, FcεRI,
located on mast cells and basophils and the cross-linking of allergen specific IgE by a particular
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allergen results in the early phase reaction, which is caused by release of pre-formed mediators 
e. g. histamine, tryptase, leukotrienes and cytokines such as IL-4, IL-5 and IL-13 (Janeway, Tra-
vers & Walport 1999). The early phase reaction appears within minutes after allergen challenge
and is characterised by itching, sneezing and nasal blocking. Cough, wheezing and breathlessness
are symptoms from the lower airways associated with the early response. The late phase reaction
occurs 6–24 hours after the early response and is characterised by an influx of inflammatory cells
such as eosinophils and T-cells (Mygind et al 1996).

General aspects of allergens
Allergens are proteins or glycoproteins, usually 10–100 kDa in size, are easily dissolved from the
particle (e. g. pollen grains), are highly stable and at least for inhalant allergens, are taken up at low
doses.

There is no unifying theory for why some proteins are allergenic and not others. Allergens have
no characteristic features other than that they need to be able to reach, and thereafter stimulate
immune cells and mast cells. Any protein may be allergenic, particularly if it avoids activation of
Th2 suppressive mechanisms (Aalberse 2000). Furthermore, the presence of adjuvant also influ-
ences the outcome of an immune response to a certain protein and may drive the response to-
wards a Th1 like response (Jahn-Schmidt et al 1997). 

Although several of the mite allergens have enzymatic activity (Robinson et al 1997), which
may enhance their allergenicity, many other allergens show no homologies with enzymes. For ex-
ample, Can f 1, the major allergen from dog, is a protease inhibitor but still a potent allergen. Oth-
er allergens also show homology to enzyme inhibitors, for instance, the cod allergen Gal d 1 and
the olive allergen Ole e 1. In addition, many allergenic proteins are homologous to proteins in-
volved in transport, while others show homology to regulatory proteins (Stewart & Thompson
1996), cytoskeleton proteins (Tsai et al 1998, Tsai et al 2000) or motility-associated proteins (Aki
et al 1995, Asturia et al 1998). Thus, enzymatic activity can generally not be considered as a com-
mon feature of allergens.

General aspects of mites
The dust mites were formerly divided into house dust mites, primarily found in dwellings, and
storage mites, primarily found in stored agricultural products and in farming environments.
However, storage mites have been found in house dust and sensitisation is not restricted to indi-
viduals with occupational exposure. The term domestic mites has been suggested as a name for
all free-living, non-parasitic mites that are found regularly in houses (Spieksma 1991), and the
term dust mites is commonly used to describe mites from dust from various environments.

Mites are small animals, 0.1–1 mm in size with four pairs of legs and they belong to the large
class of arthropods called Arachnida. About 40 000 different mite species are thought to exist
(Nathansson 1969). The life cycle consists of different developmental stages: egg, larval, nymphal
and adult. Some non-pyroglyphid species also have a hypopial stage within the nymphal stage,
when the mites can survive for a long time without food. This stage however, does not exist in py-
roglyphid mites. An adult mite can live for a few weeks up to several months depending on envi-
ronmental conditions. The most favourable conditions for dust mites are a temperature of
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23–30°C and 80–90% relative humidity. However, it has been reported that Acarus siro can com-
plete its lifecycle at 5ºC and 68% relative humidity (Cunnington 1976). Mites feed on various
protein rich substances. House dust mites primarily feed on shed human skin scales while the
mites formerly called storage mites feed on plants and micro-organisms. 

The mites used in this study belong to two different families of Acaridae (A. siro and Tyroph-
agus putrescentiae) and Glycyphagidae (Lepidoglyphus destructor). The taxonomic division of some
dust mites is shown in figure 2.

Figure 2. Classification of some common dust mites.

Sensitisation to mites
The first published observation that mites can be a cause of respiratory problems dates back near-
ly 80 years (Ancona 1923). In 1964, Voorhorst et al (Voorhorst et al 1964) discovered that the mite
species of the genus Dermatophagoides found in house dust, caused allergic reactions. Following
that discovery, most studies on mites have focused on the Dermatophagoides species and it was not
until the late 70’s that attention was paid to storage mites as important sensitisers. A study from
the Orkney Islands showed that a positive skin-prick test (SPT) to storage mites was more fre-
quent among farmers than positive SPT to house dust mites (Cuthbert et al 1979). After that,
several reports appeared which showed that allergic reactions to storage mites are common in ru-
ral environments (Cuthbert et al 1984, Tehro et al 1985, van Hage-Hamsten et al 1985, Blainey et
al 1988, Marx et al 1993).

A study performed in 1984 among farmers on the Swedish Island of Gotland showed that the
prevalence of positive radio allergosorbent test (RAST) to storage mites was 6.8% and the sec-
ond most common allergen was Dermatophagoides with a prevalence of 5.2%. Interestingly, sen-
sitisation to pollen was lower compared to the general population (van Hage-Hamsten et al 1985).
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A follow-up study in 1996 showed that the prevalence of storage mite sensitisation was 8.1%
(Kronqvist et al 1999) and that storage mites remained dominant allergens.

The fact that storage mites are common in barn dust has been reported by several authors
(Tehro et al 1982, van Hage Hamsten et al 1991, Franz et al 1997). A survey on mite numbers on
farms on Gotland revealed that L. destructor was present in all of the 30 hay samples analysed, al-
though the actual number of mites showed great variation. A. siro was found in 87% and T. pu-
trescentiae in 30% of the hay samples analysed (Boström et al 1997).

Sensitisation to storage mites has also been demonstrated in individuals with occupational ex-
posure, such as grain workers (Blainey et al 1989, Armentia et al 1997), bakers (Tee et al 1982,
Revsbech & Dueholm 1990) or other occupations where grain or flour is handled (Armentia et al
1992). Anaphylaxis caused by ingestion of storage mite contaminated food has also been report-
ed (Matsumoto et al 1996, Sanches-Borges et al 1997).

However, allergic reactions to storage mites are not restricted to individuals with occupational
exposure. Sensitisation has been demonstrated in urban populations from different climatic re-
gions such as Spain (Gaig et al 1993, Garcia et al 1997, Vidal et al 1997), Brazil (Bernd et al 1996),
Denmark (Iversen et al 1990), Austria (Ebner et al 1994), Australia (Green & Woolcock 1978),
Cuba (Ferrandiz et al 1996), the Netherlands (van der Heide et al 1998), Iceland (Gislason & Gis-
lason 1999) and Sweden (Warner et al 1999).

Cross-reactivity
The question whether cross-reactivity between the non-pyroglyphid mite species and the house
dust mite Dermatophagoides exists, has been raised by several authors. Knowledge of existing 
allergenic cross-reactivity or lack of cross-reactivity, is important for diagnosis and therapy. Sim-
ilar proteins have been shown to exist in different mite species, for example the group 2 mite al-
lergens, but similarity per se does not mean that the proteins will cross-react on the IgE level.
Cross-reactivity between L. destructor, T. putrescentiae and A. siro species has been shown to be
markedly higher than cross-reactivity to D. pteronyssinus (van Hage-Hamsten et al 1987, Johans-
son et al 1994, van der Heide et al 1998, Gafvelin et al 2001). 

In this section, cross-reactivity between the three mite species studied in this thesis (L. de-
structor, T. putrescentiae and A. siro) and Dermatophagoides sp will be discussed. 

Some investigators have reported that L. destructor have species specific as well as allergenic
components common with D. pteronyssinus (Griffin et al 1989, Härfast et al 1992, Ebner et al
1994, van der Heide et al 1998) while others have reported only limited, or lack of cross-reactiv-
ity between L. destructor and D. pteronyssinus (van Hage-Hamsten et al 1987, Lyczynska et al
1990). Johansson et al reported that a 25 kDa component in L. destructor and D. pteronyssinus
cross-reacts, while the 16 kDa component (the group 2 allergen, confirmed by an anti Der p 2
monoclonal antibody) showed less cross-reactivity (Johansson et al 1991). The study by Gafvelin
et al confirmed this result since the IgE binding to rLep d 2 only could be inhibited by 2% by
rDer p 2 (Gafvelin et al 2001).

Arlian et al suggested that extracts of T. putrescentiae and D. farinae have two common allergens
(Arlian et al 1984). A study from our group found that the two 16 kDa components in T. putres-
centiae and D. pteronyssinus have limited cross-reactivity while a 25 kDa component cross-reacted
strongly (Johansson et al 1994). Park et al have reported that a 16 kDa band in T. putrescentiae ex-
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tract is inhibited by native (n) Der f 2 and that D. pteronyssinus extract inhibited the 16 kDa band
in T. putrescentiae (Park et al 1999). However, a study from our group (Gafvelin et al 2001) demon-
strated that there is only limited cross-reactivity between rTyr p 2 and rDer p 2. Only 20% of the
IgE binding to rTyr p 2 could be inhibited when rDer p 2 was used as an inhibitor. In compari-
son, rLep d 2 gave 95% inhibition of IgE binding to rTyr p 2. 

Regarding cross-reactivity between A. siro and D. pteronyssinus, Luczynska et al have, by RAST
inhibition, demonstrated that IgE binding to D. pteronyssinus could be inhibited by up to 90% by
A. siro (Luczynska et al 1990). Another group reported that A. siro has species-specific allergens
as well as allergens shared with D. pteronyssinus (Griffin et al 1989). This might be in agreement
with a study from our group (Johansson et al 1994) which showed that the 15 kDa and 22 kDa
components of A. siro and D. pteronyssinus cross-react to a low degree but that there is cross-re-
activity between the 25 kDa components from the respective species. 

Identification and characterisation of mite allergens
Sodium dodecylsulphate polyacrylamide gel electrophoresis (SDS-PAGE) and immunoblotting
have been widely used to identify components in allergen extracts and to determine IgE reactivi-
ty. However, the extracts are subject to batch-to-batch variations and contain unspecified
amounts of allergens, as well as non-allergenic components. Therefore, extensive work has been
carried out to characterise allergens on the molecular level. Different techniques have been used
to identify and isolate mite allergens. Reverse transcriptase PCR based cloning techniques or
screening of λgt10 libraries requires some sequence information or knowledge about existing ho-
mology to other proteins and only allows cloning of one allergen at a time. The screening of com-
plementary (c) DNA libraries, for example λgt11, is a selection procedure based on IgE binding
of expressed proteins and it allows cloning of several allergens in parallel and there is no need for
any sequence information in advance. The λgt11 libraries are plated onto bacteria and the pro-
teins, which are produced during phage growth and lysis, are transferred to a filter and thereafter
detected by antibodies. However, to get the genetic information one has to go back to the original
plaque. The phage display approach on the other hand, provides a link between genotype and
phenotype and was first exploited in 1985 (Smith 1985) and has become an important tool in
biotechnology (reviewed by Katz 1997). Unfortunately, the original phage display systems does
not allow construction of cDNA expression libraries since stop codons present at the 3’ untrans-
lated region of the mRNA prevent generation of fusion proteins N-terminal to phage coat pro-
teins. Therefore, the pJuFo vector was developed where the cDNA expression products are co-
valently linked to the phage surface, a strategy which is based on the phagemid pComb3 and the
ability of the leucine zippers Jun and Fos to associate with each other (Crameri et al 1994).

The number of allergens that have been cloned has increased dramatically during the last 10
years, and today, over 400 allergen sequences are available in the databases. Many of these aller-
gens have also been produced as recombinant proteins. The first allergen sequence published was
the group 1 allergen from D. pteronyssinus (Chua et al 1988). Still, allergy diagnostic tests are
mainly based on crude extracts. As mentioned above, these extracts vary from batch-to-batch due
to the extraction procedure used, the protease content and stability in storage. Furthermore, the
extracts contain several different proteins, which may cause new sensitisations when used for in
vivo diagnosis and therapy (Scheiner & Kraft 1995). Recombinant allergens can be produced in
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Table 1. Characteristics of mite allergens

Allergen Molecular IgE binding Reference
mass (kDa) (%)

Group 1 25 70–90 Chua et al 1988, Dilworth et al 1991,
Smith et al 1999

Group 2 14 70–90 Chua et al 1990, Trudinger et al 1991,
Schmidt et al 1995, Smith et al 1999,
Gafvelin et al 2001

Group 3 25 70–90 Smith et al 1994, Nishiyama et al 1995

Group 4 57 45 Lake et al 1991, Mills et al 1999

Group 5 15 40–50 Lin et al 1994, Arruda et al 1995,
Arruda et al 1997, Caraballo et al 1996

Group 6 25 40 Benett et al 1996, Kawamoto et al 1999

Group 7 22–31 50 Shen et al 1993, Shen et al 1995

Group 8 26 40 O’Neill et al 1994

Group 9 30* 90 King et al 1996

Group 10 37 5–95 Aki et al 1995, Gafvelin unpublished data

Group 11 92, 98 80 Tsai et al 1998, Tsai et al  2000

Group 12 14 50 Puerta et al 1996

Group 13 15 10 Caraballo et al 1997

Group 14 190 ? Epton et al 1999

Mag 29 70 10 Aki et al 1994

*Results from SDS-PAGE



large amounts, are well characterised and easy to standardise (Valenta et al 1998, Chapman et al
2000). Therefore, recombinant allergens have many advantages and are likely to replace crude ex-
tracts for diagnosis and therapy in the future. 

At least 15 groups of mite allergens have to date been identified from the most common mite
species. The group 1 allergens have a molecular mass of about 25 kDa and are recognised by
70–90% of the individuals sensitised to the respective species. These proteins are synthesised as
a pre-pro protein with a leader peptide followed by the pro-enzyme region and the mature pro-
tein. The group 2 allergens have a molecular mass of approximately 14 kDa and are recognised by
60–90% of the sensitised individuals, depending on the population studied. They are all secret-
ed proteins with a leader peptide. The IgE binding to group 1 and 2 allergens is usually high and
they are present in relatively high amounts in whole mite extract, 10–100 µg/ml and 5–50 µg/ml
respectively (Thomas & Smith 1999). That is to be compared with the group 7 allergen for ex-
ample, which is unstable in extract and gives rise to degradation products (Shen et al 1997) and is
less abundant in mite extracts, only 1 µg/ml or less (Thomas & Smith 1999). The characteristics
of the mite allergens are summarised in Table 1.

Many different expression systems have been used for the production of recombinant aller-
gens, for example bacteria, yeast and insect cells. Every expression system has its own advantages
and drawbacks. The system of choice depends on the nature of the protein, whether post-trans-
lational modifications are needed, production yields etc. The Escherichia coli systems are quick
and inexpensive and have proven to be well suited for the group 2 mite allergens, which have been
shown to be readily expressed as recombinant proteins in E. coli with preserved IgE reactivities
(Chua et al 1990a, Yuuki et al 1991, Olsson et al 1998a).

The use of recombinant allergens for allergy diagnosis and treatment is discussed in the sec-
tion Diagnosis and treatment of allergic disease. 

Function of mite allergens
To date 15 different groups of mite allergens have been characterised and the majority of them
have also been produced as recombinant proteins. The function of group 1, 3, 4, 6, 8, 9–11, 13–15
are known while the biochemical function of group 2, 5, 7 and 12 remains unknown.

Group 1

The group 1 mite allergens shows significant homology with cysteine proteases (Chua et al 1988,
Dilworth et al 1991, Smith et al 1999). Der p 1 has been shown to selectively cleave CD23, the low
affinity receptor for IgE on cultured human B-cells (Hewitt et al 1995). In addition, Der p 1 treat-
ed B-cells lost their ability to bind IgE (Schulz et al 1997). It has been suggested that the mem-
brane bound form of CD23 provides a negative feedback signal for IgE synthesis (Yu et al 1994)
and that cleavage of CD23 by Der p 1 may up-regulate IgE synthesis by disruption of the nega-
tive feedback signal (Hewitt et al 1995, Schulz et al 1997). In addition, mice immunised with pro-
teolytically active Der p 1 showed a significant increase in total, as well as Der p 1 specific IgE.
This rise in IgE levels were not seen in mice immunised with Der p 1 which had previously been
blocked with a cysteine protease inhibitor (Gough et al 1999). Der p 1 has also been shown to
cleave the α subunit of the IL-2 receptor (CD25) on human T-cells leading to a decreased prolif-
eration and IFN-γ production. Since the IL-2 receptor is required for propagation of Th1 cells,
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the cleavage of CD25 by Der p 1 may bias the immune system towards Th2 cells (Schultz et al
1998). Furthermore, it was found that Der p 1 increased the permeability of the bronchial mu-
cosa to albumin (Herbert et al 1995) and that Der p 1 triggers the release of IL-6, IL-8 and GM-
CSF from cultured human bronchial epithelium (King et al 1998). The release of IL-6 and IL-8
was dependent on active Der p 1, since these cytokines were not detected when protease in-
hibitors were added (King et al 1998). Furthermore, a recent study showed that Der p 1 induces
proteolysis of the tight junctions in human bronchial epithelial cells (Wan et al 2000).

Group 2

The group 2 allergens have been extensively studied (for example Chua et al 1990b, Trudinger et
al 1991, Schmidt et al 1995, Smith et al 1999, Gafvelin et al 2001), however, their function re-
mains unknown. Stewart and colleagues have suggested that they could be lysozymes (Stewart et
al 1992). However there is no sequence homology between the mite group 2 allergens and
lysozymes, although some biochemical parameters are similar. A more recent study showed that
mite lysozyme and Der p 2 in fact are two different proteins in D. pteronyssinus extract (Hakkaart
et al 1997). Interestingly, Der p 2 shows 28% amino acid identity with human epididymal protein,
suggesting that the group 2 allergen might be involved in mite reproduction (Thomas 1995).
However, a recent study showed that monoclonal antibodies against Der p 2 bound strongly to the
gut lining, gut content and faecal pellets of D. pteronyssinus, whereas no specific binding to the re-
productive organs was observed (Park et al 2000). Structural studies have been performed for the
group 2 allergens, but solving these structures has not given any clear-cut answer to the question
about function (Mueller et al 1997, Mueller et al 1998, Ishikawa et al 1998). Nuclear magnetic re-
sonance showed that Der p 2 is composed of β-sheets and random coil and the two-dimensional
model of Der p 2 showed similarities to the immunoglobulin superfamily, although Der p 2 lacks
one crucial element found in immunoglobulins. However, the structure is not similar to
lysozymes (Mueller et al 1997, Mueller et al 1998). Der f 2 was found to be a single domain pro-
tein and to be comprised of β-sheets and also to have an immunoglobulin fold. The fact that Der
f 2 binds to the surface of E. coli and also shows homology to the regulatory domains of transg-
lutamidase, prompted speculation about a role for Der f 2 in the anti-bacterial defence system in
mites (Ishikawa et al 1998). 

Group 3–15

The group 3 mite allergens shows homology with trypsins (Smith et al 1994, Nishiyama et al
1995). Maruo et al has reported that a D. farinae protease, probably Der f 3, could activate the
complement system by proteolytic cleavage of C3 and C5 into C3a and C5a, respectively (Maruo
et al 1997). The authors speculate that this might contribute to the inflammatory reactions in 
allergic disease.

The cDNA encoding the group 4 allergens from D. pteronyssinus and Euroglyphus maynei were
recently sequenced (Mills et al 1999), although the α-amylase has been purified from spent
growth medium of D. pteronyssinus and characterised earlier by Lake et al (Lake et al 1991). Fur-
thermore, another study demonstrated that nDer p 4 was inhibited by α-amylase inhibitors pres-
ent in flour (Sànchez-Monge et al 1996).

The group 5 allergen has been cloned from D. pteronyssinus and Blomia tropicalis (Lin et al
1994, Arruda et al 1995, Caraballo et al 1996, Arruda et al 1997); however the function of these
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proteins remains unknown. The group 5 allergens are secreted proteins with leader peptides.
The group 6 allergen was first cloned from D. pteronyssinus (Bennett & Thomas 1996) and later
from D. farinae (Kawamoto et al 1999). These allergens show homology with chymotrypsins from
different species, but also about 35% identity with the trypsin-like group 3 mite allergen.

Like the group 5 allergens, the function of the group 7 allergens is unknown although they
have been cloned from two Dermatophagoides species and shown to be secreted proteins with
leader peptides (Shen et al 1993, Shen et al 1995).

One allergen from D. pteronyssinus has been cloned which belongs to the group 8 and shows ho-
mology with the enzyme glutathione S-transferase, suggesting that this intracellular protein
binds glutathione (O’Neill et al 1994).

The group 9 allergen has so far, only been identified from D. pteronyssinus. The native allergen
has been isolated and shown to be able to cleave collagen. N-terminal amino acid sequencing re-
vealed sequence homology to both Der p 3 and Der p 6. Native Der p 9 was characterised as a col-
lagenolytic serine protease by King et al (King et al 1996).

The cDNA encoding a group 10 allergen as well as the native counterpart, have been isolated
from D. farinae (Aki et al 1995). A recombinant group 10 from D. pteronyssinus has also been pro-
duced (Asturia et al 1998). The cDNA sequences of Der f 10 and Der p 10 showed homology
with tropomyosins from different species. The function of tropomyosin in non-muscle cells is be-
lieved to be participation in the regulation of cell morphology and motility (Reese et al 1999). A
group 10 allergen has also been cloned from L. destructor (Gafvelin, unpublished data).

A high molecular mass allergen with homology to paramyosin belonging to group 11, has been
described from D. pteronyssinus (Tsai 1998) and from D. farinae (Tsai et al 2000).

The group 12 allergen has been described from B. tropicalis (Puerta et al 1996) but the function
of this protein is unknown. A group 13 allergen has been cloned from B. tropicalis and it shows
homology with fatty acid-binding proteins (FABP) (Caraballo et al 1997). Functional analysis has
been performed for Blo t 13 and the recombinant allergen was found to bind cis-parinaric acid
and oleic acid but not other substances such as cholesterol (Puerta et al 1999a).

Mag 1 and Mag 3 were first described as two separate allergens (Aki et al 1994, Fujikawa et al
1996) but a recent study showed that Mag 1 and Mag 3 in fact both are parts of the larger aller-
gen M177. This allergen shows homology with apolipophorin and it was proposed that this aller-
gen should be designated group 14 (Epton et al 1999).

Another undesignated allergen is Mag 29 from D. farinae, which shows homology with the
heat-shock protein 70 (Aki et al 1994) and it is possible to assume that it will be named Der f 15.

Isollergenic variation
Cloning of cDNA’s encoding allergens has revealed the presence of isoforms. Isoallergens are al-
lergen molecules that are very similar in molecular size, 3D structure and biological function but
differ with respect to their amino acid sequence (Nedergaard Larsen 1995). Interestingly, the
presence of polymorphism seems to be more common in major allergens than in minor (Thomas
& Smith 1998). The diversity may contribute to allergenicity since it increases the probability of
inducing immune responses in a wide diversity of people (Thomas et al 1998) and may explain
why HLA associations are rare (Thomas et al 1997).

The major birch pollen allergen, Bet v 1 has been shown to exist in at least 11 isoforms (Swo-
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boda et al 1995) and interestingly, Ferreira et al demonstrated that three Bet v 1 isoforms had low
or no IgE binding, but were still potent activators of allergen-specific T-cells (Ferreira et al 1996).
The fact that isoforms can have different IgE binding properties has also been reported for the
hazel allergen Cor a 1 (Breiteneder et al 1993).

Isoform-specific T-cell epitopes, as well as epitopes shared between isoforms, have been de-
scribed for the timothy allergen Phl p 5 (Müller et al 1998, Würtzen et al 1999a, Würtzen et al
1999b). The same phenomenon has been described for the major birch pollen allergen Bet v 1
(Ferreira et al 1996).

Sequencing of the cDNA encoding Der p 2 has revealed the presence of isoforms and se-
quencing of genomic DNA showed that a small intron was present in the DNA encoding Der p 2
(Chua et al 1996). Notably, the polymorphic residues were found in regions containing the previ-
ously determined T-cell epitopes (O’Hehir et al 1993, van Neerven et al 1993, Hoyne et al 1993).
Polymorphism for Der f 2 has also been reported and sequencing showed the presence of one
small intron of 87 base pairs. In addition, the results from genomic Southern blotting suggested
that the Der f 2 gene is located at one locus in the genome and that sequence polymorphism was
due to polymorphism among individual mite genes (Yuuki et al 1997). Two isoallergens of Lep d
2, Lep d 2.01 and Lep d 2.02, have been described and these proteins differ 10% in amino acid
sequence (Schmidt et al 1995). However, studies done in vitro (Olsson et al 1998a) and in vivo
(SPT) (Kronqvist et al 2000) have shown that these isoforms have comparable IgE reactivity.

Sequence polymorphism has also been reported for the cDNA encoding Der p 1 (Chua et al
1993) and the polymorphic residues were in regions of known T-cell epitopes (O’Hehir et al 1991,
Yssel et al 1992). Isoallergenic variation has been shown to exist in Der p 3 (Smith & Thomas
1996a), while two Der f 3 clones were found to differ only by two nucleotides (Smith & Thomas
1996b).

Importantly, mites from different environments and commercially cultured mites have been
shown to differ regarding the location of polymorphic residues. For example, commercial mites
were shown to have three amino acid substitutions in Der p 1 that were not present in mites from
three different geographical areas in Australia (Thomas et al 1997). This becomes an important
aspect since commercial mites will, in such cases, not correspond to the mites that cause sensiti-
sation in the environment. 

Molecular modification of allergens
Following the advances in the field of cloning of allergens, several allergens have also been mod-
ified in order to reduce their allergenicity. The overall aim of modifying allergens is to reduce
their allergenicity, i. e. IgE binding capacity. The goal is to obtain hypoallergenic derivates, which
do not have impaired capacity to stimulate T-cells. This is an important aspect since T-cells are
thought to play a central role in immunotherapy. Hypoallergenic derivates also give the possibil-
ity to apply higher allergen doses since they will cause less side effects. High dose immunothera-
py seems to be more effective compared to low dose immunotherapy (Carballido et al 1992, Mar-
cotte et al 1998, Pène et al 1998).

Promising results have been achieved for Bet v 1 by splitting the molecule into two fragments
or by linking three Bet v 1 molecules together as a trimer (Vrtala et al 1997, van Hage Hamsten et
al 1999, Nopp at al 2000). Deletion mutants of Phl p 5, the major timothy grass allergen, have
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been created and shown to have reduced IgE binding capacity. Elegantly, these deletions were
made outside the dominant T-cell region (Schramm et al 1999). Site directed mutagenesis has al-
so been performed on the major cow allergen, Bos d 2, and the disruption of the disulphide bond
resulted in lower IgE binding without affecting the T-cell stimulatory capacity (Kauppinen et al
1999). Point mutations in the EF hand motifs of the Brassica pollen allergen Bra r 1, led to dis-
ruption of the Ca+ binding domains and consequently reduced IgE binding capacity (Okada et
al 1998).

Determination of the three disulphide bounds in Der f 2 (Nishiyama et al 1993) paved the way
for hypoallergenic derivates of the group 2 mites allergens (Nishiyama et al 1995, Smith & Chap-
man 1996, Olsson et al 1998b). Mutations of cysteines number 73 and 78 had the greatest impact
on reduction of IgE binding of Der p 2 (Smith & Chapman 1996) which is in agreement with the
study on Lep d 2 where cysteines 72 and 77 were the bond that contributed most strongly to IgE
binding. However, to abolish the IgE reactivity of Lep d 2 almost completely, all six cysteines had
to be altered (Olsson et al 1998b). The recombinant (r) Lep d 2.6Cys mutant has been applied in
SPT and only 3  out of 18 L. destructor positive subjects had a weak positive SPT to r Lep d
2.6Cys while 15 were negative even at the highest concentration applied (100 µg/ml) (Kronqvist
et al, in manuscript). The modified Der p 2 allergens has been tested in vivo and the C73-C78 Der
p 2 mutant was shown to give reduced SPT but had a T-cell reactivity comparable with wild-type
Der p 2 (Smith et al 1998). Other point mutations, not involving the cysteines, have been intro-
duced in Der p 2 and also resulted in lower IgE binding (Smith & Chapman 1997).

The C8-C119 mutant of Der f 2 was shown to give rise to both a markedly reduced SPT (Takai
et al 1997, Kusunoki et al 2000) and in vitro histamine release, but had a completely intact capac-
ity to stimulate T-cells (Takai et al 1997). In addition, C8-C119 almost exclusively induced dif-
ferentiation of Th1 cells from peripheral blood mononuclear cells (PBMC) of atopic individuals
and this effect could not be due to high allergen concentration (Korematsu et al 2000). However,
only two subjects were investigated in the study. This Der f 2 mutant has also been applied in a
murine model and mice sensitised to wild-type rDer f 2 showed decreased bronchoconstriction
when intranasally challenged with the C8-C119 mutant, compared to non-mutated rDer f 2 (Ya-
sue et al 1998). 

Other mutagenesis experiments have been carried out on Der f 2 and the replacement of an as-
partic acid in position 7 to an alanine reduced the IgE binding 30–60% compared to wild-type
Der f 2 (Noguchi et al 1996) and exchange of prolins in position 95 and 99 to alanines also re-
sulted in decreased histamine releasing activity and reduced IgE binding (Takai et al 2000).

T-cell responses to mite allergens
The T-cell epitopes on Der p 2 have been characterised by several investigators, however, the re-
sults are not totally conclusive. O’Hehir studied T-cell responses to Der p 2 peptides of different
lengths. Stimulation of T-cells from 9 atopic and 9 non-atopic individuals showed that T-cell epi-
topes were present in all regions of Der p 2 but that peptide 61–86 and 78–104 were the most fre-
quently recognised. In addition, half of the subjects responded to peptide 11–50 (O’Hehir et al
1993). Another investigation of T-cell lines from 5 mite allergic subjects showed that peptides
29–42, 110–123 and 116–129 were the most frequently recognised (van Neerven et al 1993). A
third study on the same allergen revealed four T-cell epitopes located within residues 16–31,
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22–40, 82–100 and 111–129, although caution must be used in interpretation as only one patient
was investigated (Verhoef et al 1993). Peptide analogues of residue 28–40 of Der p 2 have also
been created and the effect on proliferation and cytokine production has been investigated. In-
terestingly, analogues with alanine residues at position 34 and 36 gave an enhanced IFN-γ pro-
duction of T-cell clones compared with the wild type peptide (Tsitoura et al 1996).

Regarding HLA-restriction, it was found that allergen specific T-cell clones from one atopic
and one non-atopic subject had identical peptide specificity of Der p 2 (amino acid residue
20–33) and identical HLA restricted recognition (HLA-DQ). However, the clone from the atopic
donor produced high levels of IL-4 and non-detectable levels of IFN-γ and the non-atopic donor
produced both cytokines. Thus, peptide specificity and HLA restriction of these T-cell clones
does not dictate the cytokine secretion profile (van Neerven et al 1994). O’Brien et al found that
amino acid residue 111–129 was the most frequently recognised part of Der p 2 and that there
was no correlation between the epitope recognised and the presence of particular HLA-DQ anti-
gens (O’Brien et al 1995). Peptide 116–129 was recognised by T-cell lines from a single patient in
a HLA-DR restricted manner (van Neerven et al 1994) and, although not investigating exactly
the same residues, another study showed that peptide 111–129 was restricted by HLA-DQ (Ver-
hoef et al 1993).

The correlation between in vitro proliferation and cytokine production in response to mite al-
lergens has also been analysed. No difference in T-cell proliferation was found between atopic
and non-atopic donors but the atopic subjects produced more IL-5 and the non-atopic had a
higher IFN-γ/IL-5 ratio. Interestingly, the T-cell response and IL-5 production in response to
the group 1 and 7 allergens of D. pteronyssinus and D. farinae, respectively, was equal in spite of
the fact that D. farinae was not present in the environment where the subjects lived (Hales et al
2000a). The same authors also compared T-cell responses to nDer p 1 and nDer p 7 and found
that the proliferation and IL-5 production in response to these allergens were equivalent despite
the group 7 allergen’s lower frequency of IgE binding (Hales et al 2000b). Other investigations of
T-cell responses to mite allergens have shown higher production of Th2 cytokines in atopic sub-
jects compared to non-atopic, but no difference in the IFN-γ production (Till et al 1997, Kimu-
ra et al 2000, Nurse et al 2000).

Diagnosis and treatment of allergic diseases

Diagnosis

Allergy is usually diagnosed either in vivo by SPT or in vitro by measuring allergen-specific IgE.
In this thesis, the Pharmacia CAP System RAST® FEIA was used to measure allergen-specific
IgE in serum. In SPT, IgE-bearing mast cells react with the allergen introduced into the skin and
the mast cell releases mediators, which cause the weal and flare reaction. The CAP RAST analy-
sis measures IgE in serum and is a measurement of circulating IgE. The half life of IgE in sera is
short, only 2–3 days, whereas the half life when bound to FcεRI receptors on mast cells, is about
three weeks. The levels of allergen-specific IgE measured by the CAP assay can be divided into
six classes, Table 2. The fully automated CAP System is calibrated against the international ref-
erence standard for IgE, recognised by the WHO.
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Table 2. RAST classes and the corresponding levels of allergen-specific IgE.

RAST class Allergen-specific IgE (kUA/L)

6 ≥100
5 ≥50–100
4 ≥17.5–50
3 ≥3.5–17.5
2 ≥0.7–3.5
1 ≥0.35–0.7

Allergy diagnostic tests are still mainly based on crude extracts and only a few recombinant al-
lergens are available commercially. Recombinant Bet v 1 is  one exception and has been evaluated
in vitro and in vivo and was shown to detect >95% of the birch pollen sensitised individuals
(Menz et al 1996). Correlation with the whole extract and the likelihood to identifying many sub-
jects using a single recombinant allergen, is of course greater when the protein in question is the
dominating allergen. Crameri et al (Crameri et al 1996) obtained a very weak correlation (r=0.31)
when IgE binding to rAsp f 1 was compared with the IgE binding to Aspergillus fumigatus whole
extract. One possible reasons for this discrepancy could be that the extract coupled to the solid
phase in the CAPsystem, contains about 200 times less Asp f 1 than the rAsp f 1 ImmunoCAP.

Some of the recombinant mite allergens have also been evaluated for their usefulness in diag-
nosis. SPT have been performed with rDer p 2, rDer p 5 and rDer p 7 among 60 patients positive
to D. pteronyssinus extract. Among these subjects, 70%, 60% and 52% were SPT positive to rDer
p 2, rDer p 5 and rDer p 7, respectively (Lynch et al 1997). Interestingly, in patients with either
asthma or rhinitis, Der p 5 and Der p 7 were less important allergens than Der p 2. However, this
was not the case in patients with combined disease, since the number of positive SPT to rDer p 5
and rDer p 7 was almost as high as for rDer p 2 in this group of patients (Lynch et al 1998). 

Recombinant Lep d 2 and Tyr p 2 have also been evaluated in SPT and were shown to be able
to identify 59% and 56% of the patients sensitised to the respective mite species (Kronqvist et al
2000).

Treatment

Pharmacological substances such as anti-histamines, glucocorticosteroids and β2-adrenoreceptor
agonists are commonly used to relieve allergic symptoms. Immunotherapy is indicated for pa-
tients with mild to moderate disease who requires seasonal or perennial prophylactic drugs
(Malling 1998). Immunotherapy was first introduced in the early 1900’s (Noon 1911) and has
since then to lesser or greater extent, been used to treat allergic patients. However, the immuno-
logical mechanisms underlying immunotherapy are not fully understood. The T-cell repertoires
of both allergic and non-allergic individuals include cells that recognise allergens and it is the cy-
tokines produced by these cells that determines the functional clinical phenotype (Rolland &
O’Hehir 1998). Increasing evidence shows that successful immunotherapy is accompanied by a
shift in the T-cell subsets away from Th2 (mainly IL-4 and IL-5) in favour of Th1 (mainly IFN-
γ). However, it is not clear if this deviation is due to anergy in Th2/Th0 cells or an increased
Th1/Th0 response (reviewed by Durham & Till 1998). It has been suggested that the two major

 25



components of successful immunotherapy are 1) immune-deviation, a shift from Th2 to Th1,
probably mediated by IL-12 which is a strong inducer of Th1 responses and 2) immunological
tolerance induced by the immunosuppressive cytokine IL-10 (Ebner 1999). The induction of
blocking antibodies of the IgG types has also been suggested as a potential mechanism underly-
ing successful immunotherapy (for example see Aalberse et al 1983, van Neerven et al 1999).

Following immunotherapy with D. pteronyssinus extract, the levels of both IL-4 and IFN-γ in
PBMC cultures stimulated with Der p 2 was significantly decreased (O’Brien et al 1997). How-
ever, another study showed an increased IFN-γ/IL-4 ratio in CD4+ T-cells after successful D.
pteronyssinus immunotherapy (Majori et al 2000). 

The need for component resolved immunotherapy was emphasised in the study by Ball et al,
where immunotherapy with whole timothy grass extract induced antibody responses (IgE as well
as IgG) against previously not recognised B-cell epitopes (Ball et al 1999). Immunotherapy with
the bee venom allergen PLA resulted in decreased allergen specific T-cell proliferation, de-
creased production of both Th1 and Th2 cytokines and an increased IgG4/IgE ratio (Akdis et al
1996). Allergen immunotherapy has also been performed with peptides derived from different al-
lergens. Immunotherapy in mice with peptides from PLA, resulted in a drop in PLA specific
IgE, increased IgG2a, a marked T-cell hyporesponsiveness and a shift of the cytokine pattern to-
wards a Th1 profile (von Garnier et al 2000). A study in humans with three peptides containing
the major T-cell epitopes of PLA resulted in an allergen-specific decrease in PBMC prolifera-
tion, inhibition of both Th1 and Th2 cytokines and an increase of allergen specific IgG4 (Müller
et al 1998). The induction of anergy in T-cells was later reported to be a consequence of an in-
creased IL-10 production (Akdis et al 1998a). On the other hand, immunotherapy with peptides
derived from the major cat allergen Fel d 1 only resulted in decreased IL-4 production but no sig-
nificant changes in other parameters (Marcotte et al 1998, Pène et al 1998).

A study in mice showed that inhalation of peptides containing the dominant T-cell epitope of
Der p 1 induces tolerance in naive animals and that they became unresponsive to challenge with
intact Der p 1. Importantly, intranasal peptide therapy was also able to inhibit an ongoing im-
mune response in mice sensitised to Der p 1 (Hoyne et al 1993). Linked recognition of epitopes
was confirmed in a later study, which also showed that the induction of T-cell tolerance was sta-
ble and lasted beyond 6 months (Hoyne et al 1997). These results are promising for the develop-
ment of mite allergy immunotherapy. However, it remains to be elucidated if the mechanism
holds true in humans. In vitro studies using human CD4+ T-cell clones that were made anergic
to Der p 1 peptides, failed to induce IgG4 and IgE production when co-cultured with B-cells.
Notably, exogenous IL-4 and IL-13 could not restore these anergic T-cells although the T-cells
expressed normal levels of CD40 ligand. However, the anergic state could be reversed by exoge-
nous IL-2 (Fasler et al 1995).

There may be an advantage of using whole modified allergens for immunotherapy instead of
allergen-derived peptides since they will cover the majority of possible T-cell epitopes. Further
studies are needed to evaluate the usefulness of hypoallergenic derivates and peptides in allergen
specific immunotherapy in humans. 

26 



AIM OF THE STUDY
The purpose of this study was to identify and characterise new dust mite allergens. These new re-
combinant dust mite allergens are intended for improved diagnostic tools and improved allergen-
specific immunotherapy.

The specific aims were:

I To characterise low molecular mass IgE binding proteins from the dust mite 
Acarus siro at the molecular level and evaluate their IgE binding capacity.

II To clone and sequence the cDNA encoding Tyr p 2, a major allergen from
Tyrophagus putrescentiae, and express Tyr p 2 as a recombinant protein.

III To evaluate IgE binding to rTyr p 2 and rLep d 2 and compare it with the IgE binding 
to the corresponding commercial extracts in the Pharmacia CAP System.

IV To clone additional allergens from L. destructor using phage surface display technology 
and determine their IgE binding frequency among L. destructor sensitised individuals.

V To investigate T-cell responses to recombinant isoforms of Lep d 2, the hypoallergenic 
Lep d 2.6Cys mutant and peptides of Lep d 2, in allergic and non-allergic individuals.

MATERIALS AND METHODS
This section should be considered as an overview of the methods used in this thesis, since the
methods are described in detail in the respective original papers. The construction of an L. de-
structor cDNA library (IV) is an exception and is therefore described in detail here. 

Mites (I–V)

Raw material and whole cultures of live mites (T. putrescentiae, A. siro and L. destructor) were ob-
tained from Allergon AB. Proteins were extracted from the raw material and the protein content
was determined with BCA protein reagent assay from Pierce Chemical Co. Whole mites were
used for poly(A)-selection of mRNA. The viability of the mites was checked before mRNA
preparation.

Serum samples and patients

I Sera from 13 farmers RAST positive to A. siro were used for immuno-detection and a serum
sample RAST negative to A. siro was used as a negative control. II Sera from five farmers with a
positive RAST to T. putrescentiae and IgE binding to a 16 kDa component in T. putrescentiae ex-
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tract were pooled and used for detection of rTyr p 2. Sera from five atopic subjects, negative to T.
putrescentiae, were pooled and used as a negative control. III Sera from 461 farmers were analysed
for specific IgE to rLep d 2 and rTyr p 2. All sera had previously been tested for IgE to L. de-
structor (d71) Pharmacia CAP System RAST® FEIA and T. putrescentiae (d72) and 45 were pos-
itive to d71 and 43 to d72. IV Four sera were used individually in the biopanning procedure and
were chosen because of their ability to recognise a broad spectrum of allergens in L. destructor
whole extract. Sera from the 45 d71 positive farmers were used to determine IgE binding to rLd
5, rLep d 7 and rLep d 13. V The patients included in the study were 18 farmers with occupa-
tional exposure to L. destructor. They were all SPT positive to rLep d 2.01 and rLep d 2.02. As
control, 16 non-atopic (Phadiatop® and d71 negative) subjects were included.

N-terminal amino acid sequencing (I, II)

N-terminal amino acid sequencing was carried out to obtain protein sequence information,
which, in turn, made it possible to design degenerated oligonucleotides.

Cloning strategies (I, II, IV)

Two different cloning strategies were used in this study. The RT-PCR based cloning requires
amino acid sequence information or knowledge about existing homology to other proteins, to
make it possible to design degenerated oligonucleotides. The phage display technology allows
cloning of several cDNAs in parallel and there is no need for sequence information in advance.

Construction of an L. destructor library and isolation of phage (IV)

The pJuFo vector (Crameri et al 1994) and the cDNA were digested with Asp718 and XbaI and
1.5 µg of the digested cDNA was ligated to 1.9 µg of the digested vector. The ligation was phe-
nol/chloroform/isoamylalcohol and chloroform extracted followed by ethanol precipitation. The
resulting pellet was re-suspended in 5 µl HO and transformed into E. coli XL-2 Blue cells
(Stratagene) by electroporation. Thereafter, SOC medium was added to a final volume of 2.5 ml
and the culture was grown for 1 h at 37°C with shaking. The volume was increased to 10 ml by
adding LB-medium (20 µg/ml ampicillin, 10 µg/ml tetracycline). An aliquot was taken, serially
diluted and plated onto agar plates (100 µg/ml ampicillin) to estimate the primary size of the li-
brary. The remaining culture was grown for an additional hour when the volume was increased to
100 ml by adding LB-medium (100 µg/ml ampicillin, 10 µg/ml tetracycline). Ten ml out of 100
ml were grown overnight to make plasmid preparation possible and helper phage VCS-M13
(Stratagene) was added to the remaining 90 ml culture. This culture was grown for 2 h to allow
infection by helper phage and thereafter, kanamycin (70 µg/ml) was added and the culture was
incubated overnight. The following day, the phage were precipitated with PEG8000 and NaCl,
pelleted, resuspended in Tris buffered saline (TBS) +1% bovine serum albumine (BSA), titrat-
ed and finally stored at –20°C.

Expression of recombinant proteins in E. coli (I–V)

The respective cDNA’s cloned into the expression vector pET17b (Novagen) were initially trans-
formed into a non-expressing host, E. coli XL-2 Blue and after sequence confirmation trans-
formed into expressing cells E. coli BL21(DE3)pLysS. Expression of the recombinant proteins
was induced in log-phase BL21 cells by addition of isopropyl-thiogalactoside (IPTG). The
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pLysS plasmid produces T7 lysozyme, which inhibits T7 polymerase encoded by DE3 in the E.
coli genome. Thus, expression from pET17b, which is under control of the T7 promotor, cannot
take place when the bacteria are in the non-induced state.

SDS-PAGE and immunoblotting (I–IV)

Proteins intended for Western blotting were separated on homogenous gels under non-reducing
conditions. After electro-blotting to PVDF membranes, the unbound sites on the membrane
were blocked with BSA, followed by incubation with human sera overnight. The detection was
carried out using rabbit anti-human IgE followed by goat anti-rabbit IgG conjugated with alka-
line phosphatase. The development was performed by adding the 5-bromo-4-chloro-3-inodyl
phosphate and nitroblue tetrazolium. 

Blotting inhibition (I, IV)

To demonstrate blotting inhibition to the native allergens present in whole mite extract, patient
sera were pre-incubated with the respective recombinant allergens for 1 h and thereafter incu-
bated with the whole mite extract blotted on PVDF membrane. The detection was carried out us-
ing rabbit-anti human IgE and alkaline phosphatase conjugated goat anti-rabbit IgG and the
membranes were evaluated visually I or scanned in a densitometry scanner IV.

Stimulation of peripheral blood mononuclear cells (V)

T-cell lines were initially established and these cells were stimulated in the presence of autologous
radiated PBMCs as antigen-presenting cells. However, high background counts per minute (cpm)
were obtained and hence PBMCs were used throughout the study. To measure the proliferation
to the rLep d 2 variants, PBMCs were cultured in media containing 5% human AB sera and were
stimulated with antigen (1 and 10 µg/ml). In the majority of cases, the highest proliferation was
achieved at 10 µg/ml. The peptide responses were totally masked by the presence of serum in the
culture media and these experiments were carried out in serum free media.

ELISA (V)

Cytokine measurements were performed using commercial kits (Biosource & R&D Systems).
The IL-4 and IL-5 wells were pre-coated with anti IL-4 and anti IL-5 antibodies, respectively.
The capture antibodies were biotinylated and the development was performed by adding strep-
tavidin conjugated peroxidase followed by the substrate, tetramethylbenzidine. The same princi-
ple applies for the IFN-γ assay, but the capture antibodies were conjugated to horseradish perox-
idase and the development was carried out by using hydrogen peroxide and tetramethylbenzidine. 
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RESULTS AND DISCUSSION

Protein analysis (I, II)
I The ammonium sulphate soluble fraction of A. siro extract consisted of at least two allergens
in the molecular mass range of 15–20 kDa. The 15 kDa protein was subjected to N-terminal
amino acid sequencing by Edman degradation. The sequence obtained was GQINGSYK-
LEKSDNFDAFLK and it was unambiguously determined except for the N-terminal position.
The N-terminal residue of the allergen was identified as a glycine by N-terminal Edman se-
quence analysis, but this might have been caused by contamination often found in the first cycle
of sequencing. The SDS-PAGE was carried out in a buffer with high glycine content, which may
have led to this contamination. Beside the glycine, there were also two other amino acids identi-
fied in the first sequencing cycle, alanine and valine. A degenerate primer was designed to the
EKSDNFDAF region and it was thereafter used in RT-PCR. The cDNA sequence obtained was
in agreement with the amino acid sequence, although the nucleotides encoding the first N-ter-
minal amino acid were not identified.

Amino acid sequence analysis of the 17 kDa protein was performed to determine if it corre-
sponds to any of the known allergens from other mite species in this molecular mass range. Both
N- terminal amino acid sequencing and sequencing of internal peptides were performed on the
17 kDa allergen and the sequence showed high homology with both the 15 kDa A. siro allergen
and Blo t 13 from B. tropicalis (Caraballo et al 1997). Of the 61 amino acid residues analysed, 40
amino acids (66%) were identical to Blo t 13 and 28 out of 61 (46%) were identical to the 15 kDa
allergen (calculation based on the alignment of the 17 kDa peptides to the B. tropicalis and A. siro
allergen). These results suggest that the 15 and 17 kDa allergens are two closely related proteins
and are probably members of a family of related FABP’s present in the mite. FABP’s comprise of
a family of related proteins and the different FABP’s are expressed in a tissue-specific manner.
They are all abundant cytoplasmic proteins with a molecular mass of about 15 kDa (Veerkamp &
Maatman 1995, Londraville 1996). One could speculate that the 15 and 17 kDa allergens could be
isoforms of the same allergen. However, this is unlikely since isoforms of allergens can differ in
amino acid composition but the overall size of the protein remains the same. FABP’s from two
mites and a nematode (Ascaris suum) (Kennedy et al 1995) have now been shown to be allergens
and thus FABP’s may constitute a new family of allergens. 

II A 15 kDa protein from T. putrescentiae was isolated by reverse phase chromatography fol-
lowed by SDS-PAGE and electroblotting to a membrane from which the N-terminal amino acid
sequence of the protein was determined. The sequence obtained was GEVKFHD. However, that
sequence did not correlate with the cDNA-based amino acid sequence which was GQVKFTD.
The most likely explanation for this discrepancy is the presence of isoforms of Tyr p 2 as in oth-
er mite species, or inaccuracy of the amino acid sequencing.

Construction of phage display cDNA library (IV)
The pJuFo cDNA phage display library of L. destructor consisted of 1.4�10⁶ independent clones.
After amplification with helper phage, a titre of 1�10¹¹ colony forming units (cfu)/µL was ob-
tained. Prior to the biopanning, 14 individual cfu were picked and plasmid DNA was subjected to
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restriction analysis. Twelve (85%) of the colonies had inserts with sizes between 250 and 750 bp in
length. This library was used for selective enrichment of phage displaying IgE binding proteins.

Characteristics of the cloned allergens (I, II, IV)
I A partial cDNA encoding a 15 kDa A. siro allergen was determined by cDNA sequencing of 3’
and 5’ rapid amplification of cDNA ends (RACE) products. Three independent experiments were
performed in order to determine the sequence of the 5’ end, as well as the upstream, non-coding
region of the cDNA. No start codon was found in any of the clones analysed: instead the codon for
glutamine was found downstream from the added poly C-tail. This glutamine is believed to be the
second amino acid residue of the protein since it is in agreement with the N-terminal amino acid
sequence. Since the N-terminal amino acid residue could not be determined unambiguously, the
allergen was amplified from the 3’RACE template using a primer that introduced an ATG up-
stream of the glutamine codon. The absence of a start codon in the clones analysed may have been
due to secondary structure of the mRNA preventing the reverse transcriptase progressing further
on the mRNA template. The cDNA sequence from the first glutamine encoded to the beginning
of the poly (A) tail, is 520 base pairs in length and the 3’ untranslated region is 132 base pairs in
length. The calculated molecular mass is 14.2 kDa and there is one potential N-glycosylation site
(NGS) at position 4–6 in the predicted amino acid sequence (assuming that the glutamine is at po-
sition two in the amino acid sequence). There is also a cytosolic FABP signature at position 5–22
as detected by the PROSITE program (Bairoch et al 1997). The amino acid sequence shows 64%
identity with the 14.8 kDa allergen Blo t 13 from B. tropicalis (Caraballo et al 1997). The 15 kDa A.
siro allergen also has high sequence homology with several other FABP’s from different organisms,
for example 47% identity with a FABP from rat and 38% with FABP from human. Due to its high
amino acid sequence identity with Blo t 13 (Caraballo et al 1997) and according to the nomencla-
ture (WHO/IUS Allergen nomenclature subcommittee, 1995), the allergen was named Aca s 13.

II The full cDNA of the cloned T. putrescentiae allergen is 552 nucleotides in length from the
start codon (ATG), including 126 nucleotides after the stop codon to the beginning of the
poly(A) tail. The calculated molecular mass for the 126 amino acid mature polypeptide is 13.2
kDa. The cloned allergen has a positively charged lysine near the N-terminus followed by a
stretch of hydrophobic amino acids, confirming a typical leader sequence (von Heijne 1985) of 15
amino acids. Regarding the predicted amino acid sequence, there are no apparent N-glycosylation
sites (N-X-S/T). PCR+1 (Borriello & Krauter 1990) was performed to avoid sequence artefacts
associated with isoforms. The allergen was named Tyr p 2 due to its homology to the other mite
group 2 allergens, i. e. 42% amino acid identity with Lep d 2 and Der f 2 as well as 40% identity
with Der p 2. A multiple sequence alignment of the group 2 allergens Der p 2 (Chua et al 1990b),
Der f 2 (Trudinger et al 1991), Lep d 2 (Schmidt et al 1995), Eur m 2 (Smith et al 1999) and Gly
d 2 from Glycyphagus domesticus (Gafvelin et al 2001), is shown in Figure 3.

Interestingly, the cysteine residues, which form intramolecular disulphide bounds in Der-
matophagoides (Nishiyama et al 1993, Smith et al 1997) are conserved throughout the group 2 mite
allergens. In spite of the fact that over 50% of the amino acids differ between the mite group 2 al-
lergens, molecular modelling of these allergens have shown that the tertiary fold is very similar
(Smith et al, in manuscript). The lack of cross-reactivity between Tyr p 2 and Der p 2 (Gafvelin et
al 2001) could, however, be explained by the observation that the amino acid residues that differ
between those allergens are exposed on the surface (Smith et al, in manuscript).
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Tyr p 2     M – K F L I L F A L V A V A A A G Q V K F T D C G K K   26
Lep d 2     M M K F I A L F A L V A V A S A G K M T F K D C G H G   27
Gly d 2     – – – – – – – – – – – – – – – – G K M – F K D C G K G
Der f 2   M I S K I L C L S L L V A A V V A D Q V D V K D C A N N   28
Der p 2   M M Y K I L C L S L L V A A V A R D Q V D V K D C A N H   28
Eur m 2   M M Y K I L C L S L L V A A V A A D Q V D I K D C A N H   28

*       *    * * *                   * *       
Tyr p 2     E I A S V A V D G C E G – D L C V I H K S K P V H V I   52
Lep d 2     E V T E L D I T G C S G – D T C V I H R G E K M T L E   53
Gly d 2     E V T E L D I T D C S G D F – C V I H R G K P L T L E  
Der f 2     E I K K V M V D G C H G S D P C I I H R G K P F T L E   55
Der p 2     E I K K V L V P G C H G S E P C I I H R G K P F Q L E   55
Eur m 2     E I K K V M V P G C K G S E P C V I H R G T A F Q L E   55

*                  *   *      *   * *                  

Tyr p 2     A E F T A N Q D T S K I E V K V T G Q L N G L E V P I   79
Lep d 2     A K F A A N Q D T A K V T I K V L A K V A G T T I Q V   80
Gly d 2     A K F A A N Q D T T K A T I K V L S K V A G T P I Q V    
Der f 2     A L F D A N Q N T K T A K I E I K A S L D G L E I D V   81
Der p 2     A V F E A N Q N T K T A K I E I K A S I D G L E V D V   81
Eur m 2     A V F D A N Q N S N A A K I E I K A T I D G V E I D V   81

*   *   * * *                           *      

Tyr p 2     P G I E T D G C K V L K C P L K K G T K Y T M N Y S V  106
Lep d 2     P G L E T D G C K F I K C P V K K G E A L D F I Y S G  107
Gly d 2     P G L E T D G C K F V K C P I K K G D P I D F K Y T T
Der f 2     P G I D T N A C H F M K C P L V K G Q Q Y D I K Y T W  108
Der p 2     P G I D P N A C H Y M K C P L V K G Q Q Y D I K Y T W  108
Eur m 2     P G I D P N A C H Y M K C P L V K G Q Q Y D I K Y T W  108

* *          *      * * *    * *          *

Tyr p 2     N V P S V V P N I – K T V V K L L A T G E H G V L A C  132
Lep d 2     T I P A I T P K V – K A D V T A E L I G D H G V M A C  133
Gly d 2     T V P A I L P K V – K A E V T A E L V G D H G V L A C
Der f 2     N V P K I A P K S E N V V V T V K L I G D N G V L A C  135
Der p 2     N V P K I A P K S E N V V V T V K V M G D D G V L A C  135
Eur m 2     N V P K I A P R S E N V V V T V K V L L D N G V L A C  135

*      *            *                  * *   * *

Tyr p 2     G A V N T D V K P –   141
Lep d 2     G T V H G Q V E – –   141
Gly d 2     G – R F G R Q V E –   
Der f 2     A I A T H G K I R D   145
Der p 2     A I A T H A K I R D   145
Eur m 2     A I A T H G K I R D   145

Figure 3. Multiple sequence alignment of the group 2 allergens. The amino acids conserved be-
tween the species are indicated by asterisks and dashes are introduced for alignment purpos-
es. The signal sequence of Eur m 2 is underlined. Note, the signal sequence of Gly d 2 has not
been completely deduced.
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IV By screening the L. destructor cDNA expression library against sera from sensitised indi-
viduals, three new allergens with homology to known dust mite allergens were isolated. One of
the clones showed homology (36% amino acid identity) with Der p 5 from D. pteronyssinus (Lin
et al 1994) and 46% identity to Blo t 5 from Blomia tropicalis (Arruda et al 1995, Caraballo et al
1996) and was named Ld 5 since it lacked the 5’end. Figure 4 shows the multiple sequence align-
ment of the group 5 mite allergens. 

Ld    5   – – – – – – – – – – – – – – – – – – – – – – – – D D F  
Blo t 5   M K F A I V L I A C F A A S V L A Q E H K P K K D D F   27
Der p 5   M K P I I A F F V A T L A – V M T V S G E D K K H D Y   26

*      *                    *                * *   *

Ld 5      R N E F D R L L I I M T E E Q F A K L E Q A L A H L S   
Blo t 5   R N E F D H L L I E Q A N H A I E K G E H Q L L Y L Q   54
Der p 5   Q N E F D F L L M E R I H E Q I K K G E L A L F Y L Q   53

* * * *   * *                   * *     *     *

Ld 5      H Q V T E L E K S K S K E L K A Q I L R E I S I G L D
Blo t 5   H Q L D E L N E N K S K E L Q E K I I R E L D V V C A   81
Der p 5   E Q I N H F E A K P T K E M K D K I V A E M D T I I A   80

*                * *    *  *    

Ld 5      F I D S A K G H F E R E L K R A D L N L V E K F N F E  
Blo t 5   M I E G A Q G A L E R E L K R T D L N I L E R F N Y E  108
Der p 5   M I D G V R G V L D R L M Q R K D L D I F E Q Y N L E  107

*       *     *     *   * *   *   * *

Ld 5      S A L S T G A V L H K D L T A L A T K V K A I E T K
Blo t 5   E A Q T L S K I L L K D L K E T E Q K V K D I Q T Q    134
Der p 5   M A K K S G D I L E R D L K K E E A R V K K I E V –    132

*          *   * *              * *   *     

Figure 4. Multiple sequence alignment of the mite group 5 allergens. The amino acids con-
served between the species are indicated by asterisks and dashes are introduced for alignment
purposes. A partial clone of Ld 5, starting with an aspartic acid, shows 46% identity with Blo t 5
and 36% identity with Der p 5. The signal sequence of Der p 5 is underlined.

The partial clone of Ld 5 used for expression spans 333 bp, encoding 110 amino acids with a
predicted molecular mass of 12.5 kDa. Based on homology to Der p 5 and Blo t 5, there are 4 N-
terminal amino acid residues missing in the partial Ld 5 expressed. Sixteen clones were analysed
from 2 independent PCR+1 reactions and at least 5 isoforms of Ld 5 were detected. The isoforms
showed amino acid substitutions in 8 positions of the 110 amino acids (7%). One isoform seems
to be dominant and was present in 9/16 (56%) of the clones analysed and was used for expres-
sion. 

The other two allergens were designated Lep d 7 and Lep d 13 due to their sequence similari-
ty to other mite allergens and according to the nomenclature (WHO/IUS 1995). Lep d 7 showed
homology with Der p 7 and Der f 7 from D. pteronyssinus and D. farinae, 29 % and 27% identity,
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respectively (Shen et al 1993, Shen et al 1995). The multiple sequence alignment of the group 7
allergens is shown in Figure 5. The open reading frame of the isolated clone coding for Lep d 7
is 648 bp in length, encoding a 197 amino acid protein with a deduced molecular mass of 22 kDa.
There are no cysteine residues and in contrast to Der p 7 and Der f 7, there are no potential N-
glycosylation (N-X-S/T) sites in the predicted amino acid sequence. In addition, the protein has
a hydrophobic N-terminal region, which may represent a signal sequence (von Heijne 1985). It
cannot be excluded that Lep d 7 could be present in isoforms since only one clone was isolated
from the biopanning procedure. However, isoallergenic variation has not been reported for the
other group 7 mite allergens (Shen et al 1993, Shen et al 1995).

Lep d 13 showed significant homology with Blo t 13 (Caraballo et al 1997) and Aca s 13, 78%
and 60% sequence identity respectively, at the amino acid level. In addition, Lep d 13 also showed
high sequence homology to other FABP’s from different species. A sequence alignment of the
group 13 allergens is shown in Figure 6. The open reading frame encoding Lep d 13 is 393 bp,
predicting a protein of 131 amino acids with a calculated molecular mass of 14.6 kDa. There is a
cytosolic FABP signature (Bairoch et al 1997) at position 6–23, but there are no cysteine residues
and no potential N-glycosylation sites in the predicted amino acid sequence. As expected, due to
the homology to the intracellular FABP’s, the cDNA did not encode any signal sequence. Se-
quence analysis of eight plasmids with cDNAs encoding Lep d 13 indicated that isoforms are not
present. 

Lep d 7   M Q Y L A I A V I V A L A G L S A A A H K P A Y Y D D   27
Der p 7   M M K L – – – L L I A A A A P V A V S A D P I H Y D K   24
Der f 7   M M K F – – – L L I A A V A F V A V S A D P I H Y D K   24

*                  *         *      *  * *

Lep d 7   N M A – – N Q M V D Q I I K S L T T K K E L D P F K I   52
Der p 7   I T E E I N K A V D E A V A A I E K S E T F D P M K V   51
Der f 7   T T E E I N L A I D D A I A A I E Q S E T I D P M K V   51

*     *                     * * *

Lep d 7   E Q T K V P I D K K I G L I H I K G S S T I K N A V I   79
Der p 7   P D H S D K F E R H I G I I D L K G E L D M R N I Q V   78
Der f 7   P D H A D K F E R H V G I V D F K G E L A M R N I E A   78

*     * *       *     

Lep d 7   T G L S H I S R R G D A K I D T D G G A F A A T L K L  106
Der p 7   R G L K Q M K R V G D A N V K S E D G V V K A H L L V  105
Der f 7   R G L K Q M K R Q G D A N V K G E E G I V K A H L L I  105

* *    * * * *         *     *    

Lep d 7   G – – D K N I R I K T D L H L D L G K T I H P N L K F  131
Der p 7   G V H D D V V S M E Y D L A T K L G D L – H P N T H V  131
Der f 7   G V H D D I V S M E Y D L A Y K L G D L – H P T T H V  131

*  *            * *    * *     * * 

Lep d 7   E G H I G D I D M K L K L K L D A E G K P – S L D Q F  157
Der p 7   I S D I Q D F V V E L S L E V S E E G N – M T L T S F  158
Der f 7   I S D I Q D F V V A L S L E V I S D G N N I T M T S F  158

*   *       * *          *            *
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Lep d 7   E I D E F E Q V E L F I H G L G P L D P L V D V I A D  184
Der p 7   E V R Q F A N V V N H I G G L S I L D P I F A V L S D  184
Der f 7   E V R Q F A N V V N H I G G L S I L D P I F G V L S D  185

*       *  *    * * *     * * *    * *

Lep d 7   S F V K Y F N P Q A R K L V T D M L K P I L V E E I K K L K L N  216
Der p 7   V L T A F F Q D T V R A E M T K V L A P A F K K E L E R N N – Q  215
Der f 7   V L T A F F Q D T V R K E M T K V L A P A F K R E L E R N N – Q  216

*       *       *  *   *         *            

Figure 5. Multiple sequence alignment of the group 7 mite allergens. The amino acids con-
served between the species are indicated by asterisks and dashes are introduced for alignment
purposes. Lep d 7 shows 29% identity with Der p 7 and 27 % identity with Der f 7. The signal 
sequence of Der f 7 is underlined.

Lep d 13   M A N I A G Q Y K L Y K S E N F D Q F L D K L G V G F   27
Blo t 13   – M P I E G K Y K L E K S D N F D K F L D E L G V G F   26
Aca s 13   – X Q I N G S Y K L E K S D N F D A F L K E L G L N F   26

* * * * * *   * * *   * *  * * *

Lep d 13   L V K T A A K T V K P T L E V A V D G D T Y I F R S L   54
Blo t 13   M V K T A A K T L K P T L E V D V Q G D T Y V F R S L   53
Aca s 13   V T R N L A K S A T P T V E V S V N G D S Y T I K T A   53

* *    * * * * * * *   *          

Lep d 13   S T F K N T E I K F K L G E E F E E N R A D G K R A K   81
Blo t 13   S T F K N T E I K F K L G E E F E E D R A D G K R V K   80
Aca s 13   S T L K N T E I S F K L G E E F E E A R A D G K T V K   80

* *   * * * * * * * * * * * * * * * * * * *  *

Lep d 13   T V I N K D G D N K F V Q I Q Y G D K E V K V V D E F  108
Blo t 13   T V V N K E G D N K F I Q T Q Y G D K E V K I V R D F  107
Aca s 13   T V V N K E S D T K F V Q V Q Q G D K E V T I V R E F  107

* *   * *   *   * * * * * * * * *     *  *

Lep d 13   K G D E V E V T A S V D G V T S V R P Y K R A  131
Blo t 13   Q G D D V V V T A S V G D V T S V R T Y K R I  130
Aca s 13   S D E G L T V T A T V S G V T S V R F Y K R Q  130

* * *   *   * * * * * * * *    

Figure 6. Multiple sequence alignment of the mite group 13 allergens. The amino acids con-
served between the species are indicated by asterisks and dashes are introduced for alignment
purposes. The cytosolic fatty acid-binding signature is underlined.
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Selective enrichment and characterisation
of IgE binding clones (IV)
Initially, a method for selection of phage was applied that successfully has been used by other in-
vestigators in order to isolate phage expressing IgE binding proteins on their surface (Crameri et
al 1994, Crameri 1998, Lindborg et al 1999, Kleber-Janke et al 1999). However, L. destructor al-
lergens could not be identified by that method, and therefore, a modified method was used for
affinity selection. Instead of performing biopanning in a microtitre well, the IgE binding phage
were captured with antibody coated magnetic beads. The surface able to interact with the phage
can be considerably increased by using this method compared to the surface available in a mi-
crotitre plate.

The L. destructor phage display library was subjected to five rounds of biopanning against in-
dividual sera from four L. destructor allergic patients. After each round of selection, plasmid DNA
from 24 colonies was prepared and the cDNA inserts were sequenced. Sequence analysis revealed
the presence of three different clones with significant homology to other known mite allergens of
group 5, 7 and 13. Ld 5 and Lep d 13 first appeared in biopanning round number 4 and Lep d 7
were recovered after biopanning round 5. 

The use of phage display is an elegant tool for identifying new allergens. However, like many
other techniques, this strategy has also limitations. It was discovered that the cDNA library used
contained the cDNAs encoding Lep d 2 (Schmidt et al 1995) and Lep d 10 (with homology to
tropomyosins, Gafvelin, unpublished data). These allergens were not isolated by the biopanning
procedure but could be isolated from our library using gene-specific primers. The reasons why
these two allergens could not be isolated during the biopanning procedure could be several. Lep
d 10 probably forms a coiled-coil dimeric protein (Reese et al 1999) and Lep d 2 forms internal
disulphide bonds which are essential for optimal IgE binding (Olsson et al 1998b). Therefore, if
expressed and displayed on the phage surface both proteins might not be able to refold correctly.
However, it cannot be excluded, at least not in the case of Lep d 10, that the sera used for biopan-
ning lack the critical amount of allergen-specific IgE required for successful enrichment of spe-
cific phage.
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Production of recombinant allergens in E. coli (I, II, IV)
Regarding the yield of recombinant protein, it seems that the recovery depends largely on the na-
ture of the protein rather than the particular expression system. The same expression system was
used throughout this study and the yields from 1 litre of bacterial culture ranged from 2 to 25 mg
depending on the protein expressed. In addition, the amounts of each recombinant protein did
not vary much from batch-to-batch, for example the yield of rTyr p 2 was consistently low. 

The characteristics of the five mite allergens cloned in this study are shown in Table 3.

Table 3. Characteristics of the mite allergens cloned in this study 

Amount of pure

Calculated recombiant EMBL

molecular protein/litre accession

Allergen mass (kDa) of E.coli culture (mg) number

Tyr p 2 13.2 2 Y12690
Aca s 13 14.2 2 AS006774
Ld 5 * 12.5 4 AJ250278
Lep d 7 22.0 25 AJ271058
Lep d 13 14.6 19 AJ250279

* Expressed from a partial clone

Figure 7. SDS/PAGE analysis of the purified recombinant allergens.
Lane 1: Molecular mass marker. Lane 2: rLep d 2 Lane 3: rTyr p 2. Lane 4: rAca s 13. Lane 5: rLd 5.
Lane 6: rLep d 7. Lane 7: rLep d 13. 
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Western blot analysis of recombinant allergens (I, II, IV)
and inhibition of IgE binding (I, IV)

I Recombinant Aca s 13 was strongly detected by 3 out of 13 (23%) A. siro RAST positive 
patients investigated. Moreover, 3 additional patients showed a weak response to Aca s 13. The 3
patients that reacted strongly detected not only the approximately 15 kDa component, but also a
band at approximately 30 kDa, which most likely corresponds to a dimer of Aca s 13 since it
bound IgE and the IgE binding could be inhibited by pre-incubation of patient sera with rAca s
13. Recombinant Aca s 13 was not recognised by a serum RAST negative to A. siro. Caraballo et
al (Caraballo et al 1997) found that rBlo t 13 only was recognised by 11% of the 50 B. tropicalis
positive sera tested, suggesting that Blo t 13 is a minor allergen. There is a possibility that rAca s
13, expressed in E. coli and recovered from inclusion bodies, has an altered three dimensional
structure compared to its natural counterpart. However, rAca s 13 was able to almost completely
inhibit IgE binding to a 15 kDa component in A. siro whole extract. In addition, rBlo t 13 has been
expressed in E. coli as well as in the yeast Pichia pastoris and the recombinant allergens from both
expression systems have the same IgE epitope composition (Puerta et al 1999b).

Recombinant Aca s 13 completely inhibited IgE-binding of an A. siro positive serum to a 15
kDa component in the whole extract. Pre-incubation of patient sera with the unrelated allergen
rMal f 1 (Schmidt et al 1997) did not affect the IgE-binding pattern. Homologous inhibition of
rAca s 13 was demonstrated. Although Aca s 13 and the peptides from the 17 kDa protein are very
similar, Aca s 13 seems to inhibit IgE binding to only a single 15 kDa band in the A. siro extract.
The inhibition is shown in Figure 8a.

II Recombinant Tyr p 2 reacted with the T. putrescentiae positive serum pool but the protein
was neither recognised by myeloma IgE nor by a serum pool RAST positive to allergens of pollen
or animal dander. Thus, recombinant Tyr p 2 did not show any non-specific binding of IgE. The
use of recombinant Tyr p 2 for diagnostic purposes will be evaluated in vitro and in vivo. In addi-
tion, with a number of cloned mite group 2 allergens it is possible to elucidate allergenic cross-re-
activity between mite species on a molecular basis.

IV Pure recombinant rLd 5, rLep d 7 and rLep d 13 were subjected to immunoblotting ex-
periments and they were recognised by 9%, 62% and 13% of the 45 patients RAST positive to
L. destructor, respectively. The recombinant allergens were not detected by a L. destructor
RAST negative serum. The IgE binding frequency for rLep d 7 and rLep d 13 was in the same
range as for the group 7 and 13 allergens from other mite species. However, the IgE binding fre-
quency for rLd 5 was clearly lower than for the other group 5 mite allergens i. e. 50% for Der p 5
(Lin et al 1994) and 47% for Blo t 5 (Caraballo et al 1996). Since the IgE binding to rLd 5 was
lower than expected, one possible explanation is that a sub-optimal refolding in the E. coli-
expressed rLd 5 or the fact that a truncated protein was investigated. However, rLd 5 gave 86%
inhibition of IgE binding to an approximately 13 kDa band in whole L. destructor extract sug-
gesting, that the recombinant protein has a structure similar to its native counterpart. The calcu-
lated molecular mass of Ld 5 is 12.5 kDa.

Twenty-seven percent inhibition of binding to an approximately 23 kDa band in the extract
was achieved by pre-incubation of serum with the 22 kDa rLep d 7. The IgE binding to nLep d
7 in the whole extract was very weak, which might be due to the fact that the group 7 mite aller-
gens are unstable in whole extract and give rise to degradation products (Shen et al 1997). Re-
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combinant Lep d 13 (14.6 kDa) gave 50% inhibition of binding to an approximately 15 kDa band
in whole extract. The inhibition is shown in Figure 8b. Double inhibition with both rLep d 13
and rLep d 2, an allergen with similar molecular mass, has been performed but this double inhi-
bition did not completely inhibit IgE binding to proteins in the 15 kDa region. This indicates that
additional allergens are present in extract of L. destructor in this molecular mass region.

By using a combination of the previously cloned and expressed rLep d 2 and the three new al-
lergens, rLd 5, rLep d 7 and rLep d 13, it should be possible to detect more than 95% of the L.

destructor sensitised individuals in our study population. Fur-
ther studies are needed to investigate if this holds true in oth-
er populations. The group 1 mite allergens are expressed as a
pre-pro proteins and it is only the mature proteins that bind
IgE, therefore it was not surprising that a group 1 allergen
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Figure 8 a) Inhibition of IgE binding to A. siro whole extract.
A serum sample RAST positive to A. siro, no inhibitor (lane
1), inhibition with 1µg rAca s 13 (lane 2), inhibition with 5
µg rAca s 13 (lane 3) and lane 4, a serum RAST negative to
A. siro.

Figure 8 b) Inhibition of IgE binding to L. destructor whole
extract. L. destructor RAST positive sera without inhibitor
(lane 1, 3 and 5), inhibition with 10 µg rLd 5 (lane 2), inhibi-
tion with 10 µg rLep d 7 (lane 4), inhibition with 10 µg rLep
d 13 (lane 6).



could not be isolated by screening the cDNA expression library against IgE. The group 1 aller-
gens are major allergens in other mite species, and therefore, it was unexpected that we could
identify such a high number of patients without the group 1 allergen. The reason for this should
be further evaluated. A study using sera from a paediatric population might give another result,
since it has been shown that children mostly are sensitised to the group 1 and 2 mite allergens
whereas adults have often developed sensitisations to other groups of allergen (O’Brien et al 1994,
Shibasaki et al 1994).

Evaluation of rLep d 2 and rTyr p 2 in the CAP assay (III)
Recombinant Lep d 2 and Tyr p 2 were coupled to ImmunoCAPs in the Pharmacia RAST CAP
System. A total of 461 serum samples with known RAST values to L. destructor extract (d71),
were analysed for specific IgE to rLep d 2 in the CAP assay. The IgE values for rLep d 2 corre-
lated to the whole extract (r=0.65, P<0.001). Forty-five subjects were positive to d71 and 35 sub-
jects were shown to be positive to rLep d 2 in the CAP assay. Among the 45 subjects positive to
d71, 33 subjects (73%) were also positive to rLep d 2. SDS-PAGE and immunoblotting con-
firmed this result, since all but one subject out of 33 detected native Lep d 2. Furthermore, none
of the 12 subjects with a positive RAST to d71 who were negative in the rLep d 2 assay, displayed
specific IgE to nLep d 2 on immunoblots. Two subjects among the 416 (461–45=416) who had
negative RAST to d71 were positive to rLep d 2 in the CAP assay. However, these two subjects
did recognise nLep d 2 on immunoblots. Thus, two subjects who scored negative when the com-
mercial extract was used were actually sensitised to Lep d 2 since they also recognised this aller-
gen on immunoblots.

Regarding T. putrescentiae, all 461 serum samples were analysed for specific IgE to rTyr p 2 and
d72 in the CAP assay. Among these subjects, 43 were RAST positive to d72 and 31 were positive
to rTyr p 2. Among the 43 subjects with a positive RAST to d72, 26 subjects (60%) were also pos-
itive to rTyr p 2. 

Figure 9. Thirty-three subjects were positive to rLep d 2 among the 45 subjects positive to d71
(a) and 26 subjects were positive to rTyr p 2 among the 43 subjects positive to d72 (b).
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Seventeen subjects were positive to d72 but negative in the rTyr p 2 assay. Fifteen of these sub-
jects were also negative to nTyr p 2 in immunoblotting. In contrast, all of the 26 subjects who
were positive in the rTyr p 2 CAP assay were also positive for nTyr p 2 in T. putrescentiae extract.
Five of the subjects with a negative RAST to d72 had a positive RAST to rTyr p 2 but they did
not recognise nTyr p 2 in the T. putrescentiae extract. In addition, these subjects have previously
been shown to be SPT negative to T. putrescentiae extract. These results are not easy to explain,
however, three of these sera were just above the cut-off value of 0.35 kU/L for a positive result
in the CAP RAST assay.

Although rLep d 2 and rTyr p 2 are able to identify the majority of subjects sensitised to the
respective species, it is obvious that additional recombinant allergens are needed to get a reliable
diagnostic tool for L. destructor and T. putrescentiae allergy.

Proliferative responses to native Lep d 2 (V)
To make sure that the T-cells reacted to the same extent to rLep d 2 as to nLep d 2, partially pu-
rified native Lep d 2 was used in the proliferation assay. There was a good correlation between the
proliferation to nLep d 2 and rLep d 2.01 (r=0.89, P=0.01) in the 6 subjects investigated. Three
subjects showed nearly equal reactions to the two allergens, one subject reacted more strongly to
rLep d 2.01 and two subjects reacted more strongly to the native allergen. Since the proliferation
to rLep d 2.01 was comparable to nLep d 2, it is unlikely that the response to the recombinant 
allergen was unspecific, for instance due to the 6-His tag or toxicity. A higher proliferation to the
native allergen, would not have been unlikely, though, since the precipitated natural extract may
contain several different isoforms of Lep d 2. 

Proliferative responses to recombinant isoforms of Lep d 2 (V)
In the whole study population (n=34), a correlation between the proliferation to rLep d 2.01 and
rLep d 2.02 (r=0.7, P<0.001) was found. However, the stimulation indexes (SI) for rLep d 2.01
was significantly higher than for rLep d 2.02 (P<0.001). There was no significant difference in
proliferation to rLep d 2.01 and rLep d 2.02 between the atopic and the non-atopic subjects. Sev-
eral studies have shown that both allergic and non-allergic individuals have a T-cell repertoire
that recognises mite allergens (for example O’Hehir et al 1993, Upham et al 1995, Hales et al
1997, Hales et al 2000). Furthermore, there is no difference between the epitopes that allergic and
non-allergic donors recognise (O’Hehir et al 1993, Ebner et al 1995, Mark et al 1996, Hales et al
1997) and specific immunotherapy does not change the epitope specificity (Ebner et al 1997).

In 17 of the 18 L. destructor allergic patients the proliferative response to rLep d 2.01 was high-
er than to rLep d 2.02. Sixteen patients had SI values higher than 2.0 to isoform 01 and 7 to iso-
form 02. No correlation was found between SI values for rLep d 2.01 and RAST values for L. de-
structor whole extract, which is in agreement with other studies showing that T-cell proliferation
does not correlate with specific IgE (Würtzen et al 1998).

In the group of 16 controls, the proliferative response varied as in the allergic group and 12/16
of the subjects had a stronger reaction to rLep d 2.01 than to rLep d 2.02. 

In summary, most of the subjects investigated had a higher PBMC response to isoform 01 than
to isoform 02 of Lep d 2. Interestingly, both in vitro studies (Olsson et al 1998a) and SPT (Kron-
qvist et al 2000) have previously shown that the isoforms have comparable IgE reactivity. The de-
duced amino acid sequence of Lep d 2.02 differs in 13 residues out of 125 (10.4%) as compared
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to Lep d 2.01. When these isoallergens were first cloned (Schmidt et al 1995) the observation was
made that the cDNA encoding isoform 01 was more frequently found in the L. destructor mites
that was used for mRNA preparation, than Lep d 2.02. This may reflect that Lep d 2.01 is a more
common isoform than Lep d 2.02, leading to a higher degree of sensitisation to this isoform.

Table 4. Stimulation indexes (SI) of the Lep d 2 variants measured after 7 days of culture, 
serum levels of L. destructor specific IgE and skin-prick test (SPT) to rLep d 2.01.

rLep d rLep d rLep d nLep sIgE

2.01 2.02 2.6Cys d 2* L. destructor SPT rLep d

Subject (SI) (SI) (SI) (SI) kU/L* * 2.01

1 2.4 1.6 1.6 nd 1.87 3+
2 34 11.9 22 18 3.0 3+
3 3.0 1.3 3.1 nd 3.21 4+
4 4.0 1.1 2.5 nd 0.37 2+
5 8.5 3.2 1.8 nd 1.51 3+
6 4.7 2.5 4.7 5.1 0.42 3+
7 12 3.6 3.7 nd <0.35 2+
8 2.1 0.8 3.4 nd 1.96 3+
9 3.0 1.0 1.9 nd 5.04 3+
10 4.8 2.9 4.0 4.3 8.47 3+
11 4.7 1.9 2.8 5.0 2.12 3+
12 8.2 2.5 3.9 nd 1.8 3+
13 0.2 0.6 0.2 nd 0.66 3+
14 1.0 0.7 0.9 nd 3.8 3+
15 3.2 0.7 0.9 nd <0.35 3+
16 2.8 1.0 1.1 12.3 0.58 3+
17 5.8 3.2 6.8 nd 12.6 4+
18 5.0 1.5 4.3 6.4 3.92 4+
na 1 23.7 24.5 30.7 nd <0.35 nd
na 2 0.7 0.9 0.7 nd <0.35 nd
na 3 2.6 2.2 1.1 nd <0.35 nd
na 4 7.4 6.7 3.1 nd <0.35 nd
na 5 2.6 7.0 1.1 nd <0.35 nd
na 6 2.9 3.0 4.4 nd <0.35 nd
na 7 2.7 2.4 1.6 nd <0.35 nd
na 8 2.1 2.0 1.1 nd <0.35 nd
na 9 1.8 1.6 1.2 nd <0.35 nd
na 10 3.9 2.2 2.9 nd <0.35 nd
na 11 4.5 1.4 2.5 nd <0.35 nd
na 12 2.2 1.4 1.4 nd <0.35 nd
na 13 6.1 2.0 4.1 nd <0.35 nd
na 14 5.0 4.3 4.0 nd <0.35 nd
na 15 9.7 8.3 8.2 nd <0.35 nd
na 16 6.3 2.4 3.8 nd <0.35 nd

1–18= atopic subjects, na 1–16= non-atopic subjects, nd not done, 
* partly purified native Lep d 2 * * Pharmacia & Upjohn CAP System FEIA, Pharmacia AB
Diagnostics, Uppsala, Sweden, reference range <0.35 kUA/L.

42   



Proliferative responses to the hypoallergenic derivate rLep d 2.6Cys (V)
The proliferative response to mutant rLep d 2.6Cys was significantly lower than to rLep d 2.01
(P=0.005) but significantly higher than to rLep d 2.02 (P=0.035). Two patients reacted more
strongly to the rLep d 2.6Cys than to rLep d 2.01. Five of the 18 patients had equal reactions to
the two allergens, 6 reacted slightly stronger to rLep d 2.01, 5 reacted more than two times
stronger to rLep d 2.01. Thirteen out of 16 non-atopic subjects had a higher proliferative re-
sponse to rLep d 2.01 than to rLep d 2.6Cys. Two controls had a stronger reaction to the rLep d
2.6Cys mutant than to rLep d 2.01. Although the SI values were lower, rLep d 2.6Cys showed a
good correlation with rLep d 2.01 (r=0.8, P=0.001). No significant difference in proliferation
against rLep d 2.6Cys was observed between patients and controls.

Taken together, the rLep d 2.6Cys mutant showed a lower degree of T-cell reactivity than its
non-mutated counterpart rLep d 2.01 in a majority of the patients, although the reverse situation
was found in 4 subjects with higher responses to the mutant. However, the proliferative response
to rLep d 2.6Cys was significantly higher than to rLep d 2.02. The reason why the mutant gave a
lower T-cell reactivity than rLep d 2.01 in the majority of subjects, might be that the structure of
this mutant is irreversibly denatured, since all the cysteines are substituted for serine residues in
order to prevent the disulphide bounds from forming. This may lead to a change in the recogni-
tion by antigen presenting cells, in the processing and ultimately in the presentation of peptides
to the T-cells. In fact, one of the substituted cysteines is located in an immuno-dominant region
(see below).

Recombinant Lep d 2.6Cys may be a candidate for immunotherapy in Lep d 2 sensitised sub-
jects. The low IgE binding capacity of rLep d 2.6Cys may be of benefit for the clinical outcome
of the treatment, since higher doses of the allergen can be applied when hypoallergenic derivates
are used. The rLep d 2.6Cys mutant has been used in SPT in the same patients investigated in
this study. All of the patients showed a positive skin-prick test to non-mutated rLep d 2 but only
3 had a weak positive SPT to rLep d 2.6Cys while 15 were negative even at the highest concen-
tration applied (100 µg/ml) (Kronqvist et al, in manuscript). These results indicate promising
possibilities to apply even higher doses of the allergen in vivo with reduced risk of adverse side ef-
fects.

Figure 10. Stimulation indexes
(SI) to rLep d 2.01, rLep d 2.02
and rLep d 2.6Cys.
Boxes enclose 25th–75th per-
centile and medians are
marked. Significantly higher
proliferation was obtained to
rLep d 2.01 compared to rLep
d 2.02 (P=0.001). The prolifer-
ation to rLep d 2.6Cys was
significantly lower than to
rLep d 2.01 (P=0.005) but sig-
nificantly higher than to rLep
d 2.02 (P=0.035).
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Proliferative responses to peptides of Lep d 2 (V)
The peptide responses were totally masked by the presence of human sera in the culture media
and consequently the peptide experiments were carried out in serum free media. The phenome-
non that T-cell responses can be masked by the presence of serum in the culture media has been
described earlier (Upham et al 1995). Responses to Lep d 2 derived peptides were investigated in
13 of the 18 L. destructor allergic subjects and in all of the non-atopic controls (n=16). SI values
higher than 2.0 were regarded as positive. 

Figure 11. Synthetic peptides of Lep d 2 used for stimulation of PBMCs. The peptides are 15 amino
acids in length and are overlapping by 5 amino acids at each end. The peptides were designed to
isoform Lep d 2.01 except for peptide 9, which was synthesised in two variants i. e. 9:1 correspon-
ding to Lep d 2.01 and 9:2 corresponding to Lep d 2.02. Dashes (–) represent amino acids that are
conserved between the isoforms. The cysteine residues are indicated with asterisks.

Table 5. Stimulation indexes (SI) to the Lep d 2 peptides after 7 days of culture.

Subject P1 P2 P3 P4 P5 P6 P7 P8 P9:1 P9:2 P10 P11 P12

2 3.9 4.9 3.9
4 3.0 4.3 2.7
5 2.8 4.0 5.4 2.4
6 4.3 2.7
7 4.0 3.3 4.9 2.0
10 2.7
12 3.2
14 2.9 3.2 2.5 3.4 3.6 2.4 3.5 2.6
15 2.5 10
16 4.5
17 2.1 5.3
18 3.1 4.5 3.2 3.9
na 2 2.0
na 3 2.6 2.3 2.3 3.4
na 5 4.7 2.7 2.1
na 10 5.5 4.9 3.9 2.4
na 11 3.2 3.5
na 12 3.4 5.6 2.8 3.1
na 13 6.0 2.4 5.9
na 15 2.7 2.9
na 16 2.1

Stimulation indexes >2.0 are given. 2–18= atopic subjects, na 2–16= non-atopic subjects.
Atopic subject no 11 and non-atopic subjects 1, 4, 6–9 and 14: gave no specific proliferation to
any of the peptides (SI<2.0).
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In total, 11 of the 21 subjects who responded to the peptides reacted to peptide 2 (aa 11–25)
and 19 of these subjects reacted to peptide 7 (aa 61–75). The by far most immuno-dominant pep-
tide, peptide 7, differs in two amino acid positions compared to Lep d 2.02 (aa 74 F/V and aa 75
I/L) and this fact might partly explain why we observed a lower proliferative response to Lep d
2.02 than to Lep d 2.01. The importance of these individual amino acids should be further eval-
uated. In addition, the most frequently recognised peptides i. e. peptides 2, 7 and 12 all contain
cysteines, namely C21 in peptide 2, C72 in peptide 7 and C117 in peptide 12. It is possible that
point mutations at these sites in Lep d 2.6Cys also influence the T-cell epitopes and may partly
explain why a lower proliferation to rLep d 2.6Cys compared to rLep d 2.01, was seen.

The allergens intended for immunotherapy have to be evaluated not only regarding antibody
responses, but also regarding their capacity to stimulate T-cells. To investigate T-cell responses
to allergens, different experimental approaches have been used, i. e stimulation of whole PBMC
cultures or stimulation of T-cell lines and T-cell clones. Obviously the system chosen has to 
reflect the purpose of the investigation. There is no doubt that all in vitro methods have draw-
backs but proliferation of PBMC cultures, in contrast to T-cell lines or clones where cytokines
have been added, will probably more closely reflect the situation in vivo.

Cytokine production in PBMC cultures (V)
In this study, two representative Th2 cytokines (IL-4 and IL-5) as well as one Th1 cytokine
(IFN−γ) were measured in supernatants collected from rLep d 2.01 stimulated PBMC cultures.
The levels of IFN-γ in atopic subjects varied between 113–11900 pg/ml, median 1139 pg/ml and
in the non-atopic group 306–22174 pg/ml, median 4387 pg/ml. The levels of IFN−γ were sig-
nificantly lower in the atopic subjects compared to non-atopic subjects (P=0.02).

Regarding the Th2 cytokines, higher levels of IL-4 were observed in the atopic group (0.5–103
pg/ml, median 12.3 pg/ml) compared to 0.89–72.2 pg/ml, median 4.9 pg/ml in the non-atopic
group. Likewise, the atopic subjects produced more IL-5 (170–1743 pg/ml, median 569 pg/ml)
than the non-atopic subjects (26.5–1922 pg/ml, median 250 pg/ml). Although the production of
IL-4 and IL-5 was higher in the atopic group, the difference did not reach statistical significance.
Significantly higher IL-4/IFN−γ ratio (P=0.02) and IL-5/IFN−γ ratio (P=0.003) was found in
the atopic group: however, this was predominantly a result of the higher levels of IFN−γ detect-
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Figure 12. IFN-γ production in long
term PBMC cultures.
Cells were cultured in the presence
of 10 µg/ml rLep d 2.01 for 11 days.
Significantly lower (P=0.02) IFN−γ
production was measured in PBMC
cultures from atopic individuals
(n=18) compared to non-atopic con-
trols (n=16).



ed in the group of non-atopic subjects. When cytokine production was compared with the SI val-
ues obtained for rLep d 2.01, a correlation (r=0.7, P=0.003) between proliferation and produc-
tion of IFN−γ was found in the group of healthy controls. This indicates that a strong prolifera-
tive response to rLep d 2.01 is accompanied by a Th1 response in non-atopic subjects. 

There are important aspects to take into account when evaluating allergens on the T-cell level.
For example, it has been shown that T-cell responses to mite and rye allergens can be masked by
the presence of serum in the culture media and that serum free media lowered the threshold al-
lergen levels required for in vitro triggering of T-cells in whole PBMC cultures (Upham et al
1995). The concentration of the antigen can also influence the outcome of the immune response.
CD4+ T-cells were demonstrated to produce high levels of IL-4 when stimulated with low con-
centrations of allergen, especially when B-cell enriched populations were used as antigen pre-
senting cells. On the other hand, at higher allergen doses, CD4+ T-cells produced lower levels of
IL-4, an effect which was more pronounced when monocytes were used as APC’s. In addition, an
increased proliferation and a decreased IL-4 production were seen when the number of antigen
presenting cells was increased while the T-cell number was kept constant (Secrist et al 1995).
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CONCLUSIONS

I 
No allergen has so far been cloned from A. siro and there seems to be limited cross-reactivity be-
tween A. siro and other dust mite species. Two low molecular mass allergens from of A. siro have
now been characterised in this study. A 15 kDa component was cloned and showed 62% sequence
identity with the mite allergen Blo t 13 as well as homology with fatty acid-binding proteins
(FABP) from different species and was therefore named Aca s 13. Expressed, recombinant Aca s
13 was detected by 23% of the A. siro sensitised individuals. Amino acid sequence of peptides
from the 17 kDa component also revealed sequence homology to Aca s 13 and other FABP’s.
However, the 17 kDa component does not seem to be an isoform of Aca s 13. FABP’s from two
mites and one nematode have now been shown to be allergens and thus FABP’s may constitute a
new family of allergens.

II
T. putrescentiae is an important cause of allergy, above all in sub-tropical areas. We have now
cloned cDNA encoding an allergen from this mite species with a calculated molecular mass of
14.8 kDa. The allergen was named Tyr p 2 due to its homology to the other major mite group 2
allergens. Tyr p 2 was expressed in E. coli and shown to be detected by a serum pool from T. pu-
trescentiae sensitised subjects. The use of recombinant Tyr p 2 for diagnostic purposes can now
be evaluated in vitro and in vivo. In addition, with a number of cloned mite group 2 allergens it is
possible to elucidate allergenic cross-reactivity between mite species on a molecular basis.

III
Recombinant Tyr p 2 and the previously cloned Lep d 2 were evaluated in the Pharmacia CAP
System and the IgE binding was compared with the IgE binding to the corresponding commer-
cial extracts. Among the L. destructor sensitised subjects, 73.3% were also positive to rLep d 2 in
the CAP assay. The corresponding figure for T. putrescentiae positive subjects was 60.5% positive
to rTyr p 2. Although rLep d 2 and rTyr p 2 are able to identify the majority of the subjects sen-
sitised to L. destructor and T. putrescentiae respectively, some subjects are obviously sensitised to
other allergens than the group 2 allergens. It is therefore clear that additional recombinant aller-
gens are needed to get reliable diagnostic tools based on recombinant allergens.

IV
By using a modified selection method, three new L. destructor allergens were isolated from a
phage surface display library. These allergens were designated Ld 5 (originating from a partial
Lep d 5 clone), Lep d 7 and Lep d 13 due to their homology to other known dust mite allergens.
The allergens were expressed in E. coli and rLd 5 was recognised by 9%, rLep d 7 by 62% and
rLep d 13 by 13% of sera from L. destructor sensitised subjects. By using a combination of the
previously cloned rLep d 2 and rLd5, rLep d 7 and rLep d 13, it should be possible to detect more
than 95% of the L. destructor sensitised individuals in our study population. Whether this holds
true in other populations remains to be elucidated.
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V
In this study, we could show that there is a significant difference in proliferative response to the
two isoforms of Lep d 2. Hypoallergenic derivates, such as rLep d 2.6Cys, are potential tools for
improved allergen-specific immunotherapy. Since T-cells play a central role in immunotherapy,
it is important that these derivates retain their capacity to stimulate T-cells. The hypoallergenic
derivate rLep d 2.6Cys was shown to be able to stimulate T-cells and, in fact, the proliferative re-
sponse was higher than to one of the naturally occurring isoforms. Amino acid residues 11–25
and 61–75 of Lep d 2 were the most frequently recognised parts and are likely to contain the im-
muno-dominant T-cell epitopes of Lep d 2. There were no significant differences in proliferation
between atopic and non-atopic subjects. However, the non-atopic subjects produced significant-
ly more IFN−γ compared to atopic subjects. In addition, there was a correlation between the SI
values and IFN−γ in the group of non-atopic subjects, suggesting that a strong proliferative re-
sponse is followed by a Th1 response in non-atopic subjects.
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GENERAL DISCUSSION 
AND PERSPECTIVES
Over 400 allergen sequences are today available in the databases and many of them have also been
produced as recombinant proteins. The advances in the field of allergen cloning have paved the
way for the development of improved diagnostic tools and safer immunotherapy. One of the goals
is to obtain reliable diagnostic tools based on recombinant allergens. Component resolved diag-
nosis could give the physician and the patient useful information. For example, if a mite sensi-
tised individual recognises the group 10 allergen, the patient should be informed that he or she
also might react to seafood due to cross-reacting tropomyosins.

Regarding therapy, a battery of well-characterised recombinant allergens from a certain species
will allow tailor-made treatment of allergic patients. It has been shown that immunotherapy with
whole extracts introduces new antibodies, both of IgE and IgG isotypes, to previously not recog-
nised B-cell epitopes (Ball et al 1999). Component resolved therapy would circumvent the prob-
lem of introducing sensitivity to new proteins during immunotherapy. Cloning of allergens has
also paved the way for molecular modification of allergens. Hypoallergenic derivates should have
reduced IgE binding but retained capacity to stimulate T-cells. By modifying recombinant aller-
gens and thereby creating hypoallergenic derivates, the safety of immunotherapy can be in-
creased. This is particularly important since high dose immunotherapy seems to be more effec-
tive than low-dose immunotherapy (Carbadillo et al 1992, Marcotte et al 1998, Pène et al 1998).
Regarding Lep d 2, an animal model would be helpful in order to investigate the outcome of dif-
ferent immunotherapy strategies, for example the use of rLep d 2.6Cys versus the immunodom-
inant peptides of Lep d 2. An animal model would make it easier to investigate the outcome of
different routes of antigen administration and different antigen doses. In addition, an animal
model would also facilitate studies on the role of the regulatory cells involved in tolerance.

The IgE binding capacities of the mite allergens cloned in this study have been evaluated in vit-
ro by using sera from adults in a farming population in Sweden. We will now evaluate these re-
combinant allergens in a paediatric urban population from a different geographical site. There is
an increased awareness of sensitisation to what used to be called storage mites in urban popula-
tions (for example Gaig et al 1993, Ebner et al 1994, Vidal et al 1997, van der Heide et al 1998,
Warner et al 1999). Keeping in mind that storage mites have species specific allergenic compo-
nents that do not cross-react with Dermatophagoides, sensitisation to these mite species should not
be neglected. The degree of cross-reactivity on the single allergen level should be evaluated and
special attention should be paid to allergens that do not cross-react with Dermatophagoides
species. With a number of cloned allergens from several mite species, it is possible to evaluate 
allergenic cross-reactivity or lack of cross-reactivity on the molecular level. Importantly, allergens
that have sequence homology and even similar tertiary fold (Smith et, al in manuscript) do not
necessarily cross-react. This has now clearly been shown for the mite group 2 allergens (Gafvelin
et al 2001). 

Antigen uptake by different types of antigen presenting cells and antigen presentation, are al-
so important events in the allergic reaction. The bee venom allergen PLA has, when correctly
folded, been shown to be recognised by B-cells, to induce production of Th2 cytokines and pro-

    49



duction of IgE antibodies. On the contrary, non-refolded PLA was shown to induce significant-
ly more IFN-γ and IL-2, to be processed and presented by monocytes and to induce IgG4 pro-
duction (Akdis et al 1998). Furthermore, peripheral blood dendritic cells have been shown to ex-
press the α and γ chain of the FcεRI receptor, which allows IgE mediated antigen presentation
besides being efficient stimulators of primary T-cell responses (Maurer et al 1996). We will con-
tinue to study the recombinant mite allergens and their effects on the cellular level. For this pur-
pose, dendritic cells will be derived in vitro. The ability of these monocyte derived dendtritic cells
to take up wild-type recombinant allergens versus hypoallergenic derivates, will thereafter be in-
vestigated. For comparison, cells from both atopic and non-atopic subjects will be included.
Monocyte derived dendritic cells have been compared to monocytes with respect to the capacity
of these antigen-presenting cells to induce T-cell proliferation to Der p 2 (Sung et al 1999).

Although there is now a growing awareness of widespread sensitisation to what used to be
called storage mites, the characterisation of their allergens has only just started and much remains
to be elucidated.
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