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Abstract

Allergen-specific immunotherapy, in which repeated injections of allergens over prolonged periods are used to induce
tolerance, has proven an effective treatment of allergy. A major side effect of allergen-specific immunotherapy is anaphylactic
reaction. House dust mite allergens are major causative factors associated with various allergic diseases. Der f 2 is the major
house dust mite allergen composed of 129 amino acid residues. Analysis using deletion mutants of Der f 2 suggested that T-cell
epitopes of Der f 2 were multiple in mite-allergic patients. We found that some IgE epitopes were renatured by dialysis of a
mixture of two denatured C- and N-terminal deletion mutants, 1-112 and 85-129 in 13 patients out of 14. On the other hand,
IgE binding activity was negative in the separately dialyzed fragments and their mixture in each patient tested. Furthermore, we
demonstrated that neither of the two separately prepared polypeptides induced in vivo skin prick test reactivity. These findings
are important for improvement of T-cell targeting allergen-specific immunotherapy and development of monovalent IgE
haptens. The use of combinations of overlapping non-anaphylactic fragments of allergen covering all of the T-cell epitopes
achieves the removal of IgE reactivity, the cause of harmful anaphylactic reactions, without affecting the T-cell reactivity
essential for immunotherapy, offering potentially safer and more effective treatment for allergic disease. © 2000 Elsevier Science
Ltd. All rights reserved.
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1. Introduction treatment of allergic disease since the first trials in the
early 1900s (Noon, 1911). At present, induction of

IgE-mediated type I allergic diseases such as asthma, unresponsiveness of T cells or a change in the pattern
rhinitis and atopic dermatitis are worldwide problems of cytokines produced by CD4+ T cells is considered
from which more than 20% of the world’s population the major mechanisms of allergen-specific immunother-
suffers. Allergen-specific immunotherapy, in which apy (Norman, 1993; Suko et al., 1995; O’Brien et al.,
repeated injections of allergens over prolonged periods 1997, Hoyne et al., 1995; Norman et al., 1996; van
are used to induce tolerance, has proven an effective Neerven et al.,, 1996). Administration of an excess

amount of allergen causes an anaphylactic reaction

that follows the release of mediators from mast cells
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(Ishizaka and Ishizaka, 1984; Metzger et al., 1986). A
major problem with allergen-specific immunotherapy is
the risk of anaphylactic reaction.

Recently, clinical trials of allergen-specific immu-
notherapy using short length peptides containing T-cell
epitopes of allergens have been conducted (Hoyne et
al., 1995; Norman et al., 1996; van Neerven et al.,
1996). Peptide-based immunotherapy has the advan-
tage of reduced risk of anaphylactic reaction over con-
ventional allergen-specific immunotherapy because of
an absence or reduction in the number of IgE epitopes
(van’t Hof et al., 1991). However, the peptide-based
immunotherapy has important drawbacks i.e. the mul-
tiplicity of T-cell epitopes on individual allergens and
the large diversity in T-cell epitopes due to the diver-
sity of major histocompatibility complex (MHC) and
T-cell receptor (TCR) among individual patients (van
Neerven et al., 1996; WHO, 1995; Davis, 1990;
O’Brien et al., 1995; Yssel et al., 1992). We chose the
major house dust mite allergen Der f 2 as a typical tar-
get allergen for development of strategies of immu-
notherapy that avoid the problems while maintaining
the advantages of peptide-based immunotherapy.

House dust mite (Dermatophagoides farinae and
Dermatophagoides pteronyssinus) allergens are major
causative factors associated with various allergic dis-
eases (Platts-Mills and Weck, 1989; Voohorst et al.,
1967; Miyamoto et al., 1968), and the major allergens
are classified as group 1 (Der f 1 and Der p 1, M,
25,000) or group 2 (Der f 2 and Der p 2, M, 14,000)
(Platts-Mills and Chapman, 1987; Haida et al., 1985;
Yamashita et al., 1989). The majority of sera from
patients allergic to house dust mites have binding ac-
tivities to both group 1 and 2 allergens. Genetic lin-
kages between specific IgE responses to these allergens
and genes on human chromosomes have been inten-
sively investigated (Moffatt et al., 1994; Marsh et al.,
1994). Analysis of B (van’t Hof et al, 1991;
Lombardero et al., 1990; Takai et al., 1997a.,b;
Nishiyama et al., 1995; Chua et al., 1991; Smith and
Chapman, 1996) and T-cell epitopes (O’Brien et al.,
1995; Yssel et al., 1992; van Neerven et al.,, 1993;
O’Hehier et al., 1993; Tsitoura et al., 1996) of the
major allergens also has been carried out to clarify
their relationships to immunogenicity and to apply
such epitope moieties to immunotherapy (Hoyne et al.,
1995; van Neerven et al., 1996; Marshall and Francis,
1997, Valenta and Kraft, 1995).

The cDNA clones for Der f 2, the group 2 allergen
of D. farinae (Yuuki et al., 1990, 1991), encode pro-
teins consisting of 129 amino acid residues with
marked homology to Der p 2, the group 2 allergen of
D. pteronyssinus (Chua et al., 1990). It has been
suggested that IgE epitopes of Der f 2 and Der p 2 are
dependent on the integrity of the conformational struc-
ture of the allergens rather than the contiguous

sequence of amino acids (van’t Hof et al., 1991; Takai
et al., 1997a; Chua et al., 1991). We determined the lo-
cation of three disulfide bonds of native Der f 2
(Cys8—Cysl119, Cys21-Cys27, and Cys73-Cys78)
(Nishiyama et al., 1993). We found that two disulfide
bonds, Cys8—Cys119 and Cys73—Cys78, played critical
roles in expressing IgE-binding capacity in Der f 2
(Takai et al., 1997b). Smith and Chapman (1996)
reported that Cys73—Cys78 in Der p 2 was critical.

In this paper, we demonstrated the multiplicity of T-
cell epitopes of Der f 2 in allergic patients, character-
ized the antigenic structure of Der f 2 recognized by
polyclonal IgE and obtained insight into the refolding
of IgE epitopes. Furthermore, we demonstrated that
neither of the separately prepared, overlapping par-
tially deleted Der f 2 polypeptides, 1-112 or 85-129,
induced in vivo skin prick test reactivity. These results
are important for improvement of T-cell targeting
allergen-specific immunotherapy and development of
monovalent IgE haptens. Combinations of overlapping
non-anaphylactic recombinant fragments of allergen
covering all of the multiple T-cell epitopes essential for
immunotherapy are potentially useful for safer and
more effective immunotherapy for allergic disease.

2. Materials and methods
2.1. Sera and cells

Sera and peripheral blood mononuclear cells were
obtained from mite sensitive atopic patients with aller-
gic rhinitis, bronchial asthma and/or atopic dermatitis
who proved positive to a skin prick test.

2.2. Expression of fusion proteins of Der f 2 and its
deletion mutants

The expression vectors of the fusion proteins of Der
f 2 and its deletion mutants with the half-sized p-galac-
tosidase were constructed as described (Takai et al.,
1997a). Escherichia coli MC1061 transformed with
these vectors were cultured and induced to express the
fusion proteins (Yuuki et al., 1991).

2.3. Purification and refolding of fusion proteins of Der
f 2 and its deletion mutants

The method that has been previously described
(Yuuki et al., 1991; Nishiyama et al., 1994) was used
with some modifications. Briefly, the fusion proteins of
Der f 2 and its deletion mutants were produced as in-
clusion bodies in E. coli MC1061. Cells were harvested
by centrifugation, suspended with buffer and disrupted
by a sonication. The cell lysate was centrifuged and
the precipitate of inclusion bodies recovered, washed
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with buffer and solubilized with buffer containing urea.
The fusion proteins denatured with urea were refolded
by dialysis against PBS. After centrifugation, the
supernatant was recovered and the protein concen-
tration was determined with Protein Assay Kit (Bio-
Rad, Richmond, CA). Purity was checked by sodium
dodecyl sulfate polyacrylamide electrophoresis (SDS-
PAGE) (8% acrylamide).

2.4. T-cell proliferation assays

T cells from peripheral blood mononuclear cells
from mite-allergic volunteers were cultured in 96-well
culture plates with the fusion proteins of Der f 2 and
its deletion mutants (100 pg/ml) and [*H]thymidine in-
corporation was measured as described (Mori et al.,
1997).

2.5. Immunoblot analysis

The method used has been described previously
(Takai et al., 1997a). Briefly, total cellular proteins
expressed in E. coli MC1061 transformed with ex-
pression vectors of the fusion proteins of Der f 2 and
its deletion mutants were subjected to SDS-PAGE and
electroblotted. The membranes were stained with
Coomassie Brilliant Blue, or probed with a combi-
nation of a mite-allergic patient serum and horse rad-
ish peroxidase-conjugated anti-human IgE (e-specific)
antibodies (Cappel, Malvern, PA).

2.6. RAST-EIA

IgE reactivities of the fusion proteins of Der f 2 and
its deletion mutants were measured by RAST-EIA
using a RAST-FEIA kit (Pharmacia, Uppsala,
Sweden) as described (Takai et al., 1997b) with some
modifications. Briefly, allergic patient serum of 1/4 di-
lution was incubated overnight at room temperature
with paper discs coupled with each of the fusion pro-
teins of Der f 2 and its deletion mutants. Then, IgE
that bound to the disc was detected with B-galactosi-
dase-conjugated anti-human IgE antibodies by measur-
ing the fluorescence at 355 nm for excitation, and
460 nm for emission on a fluorometer, Fluoroskan II
(Flow Laboratories, Luguno, Switzerland).

2.7. Skin prick test

Skin prick test was performed as described
(Dreborg, 1985). Solutions of the recombinant Der f 2
of non-fused form, the Der f 2 fusion protein with
half-sized pB-galactosidase, its deletion mutants (22—
129, 1-112, and 85-129), and half-sized [B-galactosi-
dase (20 ng/20 ul) were applied.

A

1-129 [ X ) " [
1-112 e o6 [X] ]
1-90 L6 o0 00 |

1-63 Le o0 |

29.129 Le [1) [ |

85-129

¢ : Cysteine residue

Molecular
weight Mr

97000— ==
68000

43000

29000

Fig. 1. (A) Schematic representation of Der f 2 and its deletion
mutants expressed as fusion proteins in E. coli. (B) Purification of
fusion proteins of Der f 2 and its deletion mutants. Purified inclusion
bodies expressed in E. coli MC1061 transformed with the expression
vector of Der f 2 fusion protein with half-sized B-galactosidase (AB-
Der f 2: 1-129), its deletion mutants (1-112, 1-90, 1-63, 22-129,
and 85-129), and a control vector encoding half-sized B-galactosi-
dase (APB) were subjected to SDS-PAGE (8% acrylamide). The gel
was stained with Coomassie Brilliant Blue. M: molecular weight mar-
ker.

3. Results

3.1. Preparation of fusion proteins of Der [ 2 and its
deletion mutants

Der f 2 and its five deletion mutants, that dispersed
within various sizes among those constructed by the
use of restriction sites in Der f 2 cDNA or by digestion
of the cDNA by exonuclease III (Takai et al., 1997a),
were expressed in E. coli as fusion proteins with half-
sized B-galactosidase. Insoluble inclusion bodies con-
taining the fusion proteins were recovered and solubil-
ized. The fusion proteins refolded by dialysis against
buffer were purified as shown in Fig. 1. These samples
were used in all following experiments except immuno-
blot analysis.
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Fig. 2. Proliferative response of T cells stimulated with purified
fusion proteins of Der f 2 and its deletion mutants. Peripheral blood
mononuclear cells were obtained from six mite-allergic patients. The
Der f 2 fusion protein with half-sized B-galactosidase (1-129), its del-
etion mutants (1-90, 1-63, and 85-129), and half-sized B-galactosi-
dase (AP) as a negative control were used as antigens to stimulate
polyclonal T cells in the peripheral blood mononuclear cells. Initials
of the patients’ names are indicated (HK, NA, OM, TI, AH, and
KI). Results are presented as stimulation indices that were calculated
as the ratio of the counts/min of culture wells containing each anti-
gen with that of wells containing medium alone. The mean and SEM
of four points are shown.

3.2. T-cell proliferative responses against deleted Der f 2
molecules

T-cell reactivities against the deletion mutants of
Der f 2 were examined in six mite-allergic patients. T-
cell reactivities against the whole Der f 2 fusion 1-129,
a deletion mutant 85-129, and half-sized B-galactosi-
dase were examined in six patients (HK, NA, OM, TI,
AH, and KI), those against 1-90 in three patients
(HK, NA, and OM), and those against 1-63 in five
patients (HK, NA, TI, AH, and KI). The proliferation
of polyclonal T cells in peripheral blood mononuclear
cells was significantly higher in patients stimulated
with 1-129, 1-90, 1-63, or 85-129 than with half-sized
B-galactosidase (AB) (Fig. 2). In a patient, NA, how-
ever, the stimulation index against 85-129 was not sig-
nificantly higher than that against medium alone.
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Fig. 3. Immunoblot analysis of fusion proteins of Der f 2 and its del-
etion mutants expressed in E. coli. Total cellular proteins of E.coli
MCI1061 transformed with the expression vector of the Der f 2
fusion protein with half-sized B-galactosidase (AB-Der f 2: 1-129), its
deletion mutants (1-112, 22-129, and 85-129), and pFL500, a con-
trol vector encoding half-sized B-galactosidase (AP) were subjected to
SDS-PAGE (8% acrylamide) and electroblotted. The membranes
were stained with Coomassie Brilliant Blue or probed with human
atopic serum and horse radish peroxidase-conjugated anti-human
IgE antibodies.

3.3. Reactivities of deleted Der [ 2 molecules to IgE in
allergic patient sera

Immunoblot analysis of whole lysate of E. coli cells
expressing three deletion mutants (1-112, 22-129, and
85-129) was performed with mite-allergic patient sera.
The same result that two deletion mutants, 1-112 and
85-129, had no detectable IgE reactivity while a
deleted Der f 2, 22—-129, had weak IgE reactivity com-
pared with the whole Der f 2 fusion, 1-129, was
obtained with each of the tested ten patient sera. A
typical result is shown in Fig. 3.

The IgE-binding capacities of five deletion mutants
(1-112, 1-90, 1-63, 22—129, and 85-129) which were
recovered from inclusion bodies and not treated with
SDS were determined by RAST-EIA. All 14 patients
tested showed similar profiles of IgE-binding capacity:
no or markedly reduced reactivity in four deletion
mutants (1-112, 1-90, 1-63, and 85-129), and weak
reactivity in a mutant 22-129 compared with the
whole Der f 2 fusion, 1-129 (Fig. 4A and B). In two
patients, approximately 5 to 10-fold increase in the
concentration of 22—-129 to achieve the levels of bind-
ing observed in the whole Der f 2 fusion (Fig. 4B).
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Fig. 4. RAST-EIA using purified fusion proteins of Der f 2 and its deletion mutants. (A) IgE-binding profiles of 14 patients allergic to house
dust mite. Initials of the patients’ names are indicated. The concentration of antigens in the immobilization step was 5 pg/ml. (B) IgE-binding
profiles of two patients, MK and MM.
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Fig. 5. Refolding of IgE epitopes by interaction of C- and N-terminal deletion mutants, 1-112 and 85-129. 1-112 + 85-129: the mixture of equal
amounts of dialyzed 1-112 and dialyzed 85-129. 1-112 x 85-129: the sample generated by dialysis of the mixture of equal amounts of urea-con-
taining 1-112 and urea-containing 85-129. 1-112 x AB: the sample generated by dialysis of the mixture of equal amounts of urea-containing 1—
112 and urea-containing AP as a negative control. 85-129 x AB: the sample generated by dialysis of the mixture of equal amounts of urea-con-
taining 85-129 and urea-containing AP as a negative control.
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Fig. 6. Skin prick test with purified fusion proteins of Der f 2 and its deletion mutants. The Der f 2 fusion protein with half-sized p-galactosidase
(AB-Der f 2: 1-129), its deletion mutants (1-112, 22-129, 1-112, and 85-129), the recombinant Der f 2 of non-fused form (rDer f 2), and half-

sized B-galactosidase (AP) as a negative control were used.

3.4. Renature of IgE epitopes by the presence of both
N- and C-terminal sequences of Der f 2 in the refolding
process

A C-terminal deletion mutant 1-112 and an N-term-
inal deletion mutant 85-129, overlapping each other
and both negative in IgE reactivity, were selected for
further study of IgE epitopes dependent on the whole
sequence of Der f 2 by RAST-EIA. Results are shown
in Fig. 5. RAST-EIA was performed with 14 mite-
allergic patient sera. Antigens were coupled to paper
discs at higher concentrations in this assay.
Interestingly, the material generated by dialysis of the
urea-containing mixture of denatured 1-112 and de-
natured 85-129 had significantly higher IgE reactivity
than the mixture of the separately dialyzed two del-
etion mutants which had no or very low reactivity in
13 patients out of 14 except one patient, CH. The ma-
terial generated by dialysis of the urea-containing mix-
ture of denatured 1-112 and denatured AP and that of
85-129 and AP were both negative.

3.5. Activities of deleted Der f 2 molecules to induce
urticarial type I reactions in an allergic patient

The capacity of the recombinant fusion proteins of
Der f 2 and its deletion mutants to elicit cutaneous
reactions was evaluated in a volunteer allergic to
house dust mites by in vivo skin prick test. The volun-
teer showed a typical type I reaction using the recom-
binant Der f 2 of non -fused form (rDer f 2) (Iwamoto
et al., 1996) and the fusion of the whole Der f 2 (1-
129), a relatively weak but significantly positive reac-
tion using an N-terminal deletion mutant 22—129, and
a negative reaction using two deletion mutants, 1-112
and 85-129, and AP (Fig. 6).

4. Discussion
IgE antibodies against specific allergens are directly

correlated with symptoms of type I allergy in allergic
patients (Ishizaka and Ishizaka, 1984; Metzger et al.,
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1986, Moffatt et al.,, 1994; Marsh et al., 1994).
Differentiation and activation of B cells to secrete the
allergen-specific IgE is regulated by T cells that recog-
nize the complexes of the allergen-derived peptide and
MHC on the surface of antigen presenting cells via
TCR (van Neerven et al., 1996). Although a patient,
NA, did not showed a positive T-cell response to a
deletion mutant, 85-129, the other patients showed a
positive response to each of tested deletion mutants
(Fig. 2). The results of proliferation assay suggests that
T-cell epitopes of Der f 2 in patients allergic to house
dust mites are multiple and disperse throughout the
entire amino acid sequence of Der f 2 in each patient.

Epitopes of group 2 allergens of house dust mites,
Der f 2 from the dust mite species D. farinae and Der
p 2 from D. pteronyssinus, for polyclonal IgE anti-
bodies in atopic patient sera do not appear to consist
of simply sequential polypeptides. Chua et al. (1991)
constructed and analyzed four deletion mutants of Der
p 2 fused to glutathione transferase, 1-69, 42—-117, 69—
117, and 69-129. They reported that the deletion
mutants did not bind IgE in the majority of adult
patients, or weakly bound in only a few of them.
Previously, we demonstrated that the sequences of 1-
24, 25-29 and 121-123 are the minimum N- and C-
terminal sequences required for IgE binding by immu-
noblott analysis of numbers of more precisely serially
deleted Der f 2 fused to maltose binding protein
(Takai et al., 1997a). In the present study, RAST-EIA
of the half-sized B-galactosidase fusions was performed
with 14 sera (Fig. 4) and immunoblot analysis with 10
sera (Fig. 3). In all tested sera, no or markedly reduced
reactivity in four deletion mutants (1-112, 1-90, 1-63,
and 85-129), and weak reactivity in a mutant 22—129
compared with the whole Der f 2 fusion. The RAST-
EIA revealed that 22-129 had IgE epitopes common
to all tested patients although the entire amino acid
sequence was essential for full IgE reactivity.

On the basis of the results of the RAST-EIA, we
assumed that interaction between N- and C-terminal
sequences of Der f 2 protein was critical for binding to
IgE. To test this hypothesis directly, we analyzed gain
of IgE reactivity in mixed deleted fragments. We per-
formed a refolding experiment using a C-terminal del-
etion mutant, 1-112, an N-terminal deletion mutant,
85-129, and combinations of the two. Interestingly,
the refolded material generated by the dialysis of the
mixture of denatured 1-112, and denatured 85-129
had significant IgE reactivity (Fig. 5) in 13 patients out
of 14. We considered this to be a result of the renature
of structures for some IgE epitopes directly composed
of amino acid residues present in the N- and C- term-
inal deleted sequences of 1-84 and 113-129, those not
in the sequences but indirectly maintained by both of
the sequences, and/or those efficiently refolded by the
help of the interaction mediated by the sequences.

Recently we reported that disruption of a disulfide
bond that bridged N- and C-terminal sequences of Der
f 2, Cys8—Cys119, caused marked reduction of reactiv-
ity to IgE (Takai et al., 1997b). The disulfide bond for-
mation of Cys8—Cysll19 or amino acid residues
surrounding the disulfide bond might be involved in
the interaction of the two fragments of Der f 2, 1-112
and 85-129 (Nishiyama et al., 1993, 1995; Takai et al.,
1997b).

The results of the refolding experiment give useful
insights for the development of IgE haptens of Der f
2. IgE haptens contain only one IgE epitope structure
and are not able to crosslink the complex of IgE and
FceRI on mast cells or basophils (Valenta and Kraft,
1995; Ball et al., 1994). IgE haptens have therapeutical
potential in treatment for allergy in a different context
from that of T-cell targeting allergen-specific immu-
notherapy described in the following paragraphs.
Identification of the combinations of sequences critical
for the reconstitution of each IgE binding structure in
the Der f 2 molecule would provide useful information
to design IgE haptens mimicking local tertiary struc-
tures of Der f 2. The structures renatured reactive to
IgE in the material generated by dialysis of the urea-
containing mixture of denatured 1-112 and denatured
85-129 might be candidates for IgE haptens composed
of peptides that were located separately in the primary
amino acid sequence of the allergen.

Allergen-specific immunotherapy involves the step-
wise subcutancous injection of increasing concen-
trations of specific allergens to which a patient is
sensitive to achieve a state of immunological tolerance
(Norman, 1993; Suko et al., 1995; O’Brien et al.,
1997). It seems that ideally, allergen should be admi-
nistered at a higher dose to change the Th1/Th2 bias
(Secrist et al., 1995). However, this may cause an ana-
phylactic reaction. Neither the C-terminal deletion
mutant of Der f 2, 1-112 nor the N-terminal deletion
mutant, 85-129, as we described above, had significant
reactivity to IgE in patient sera. Furthermore, in vivo
skin prick test showed that skin mast cells did not
degranulate in the presence of 1-112 or 85-129 (Fig.
6). Therefore, allergen-specific immunotherapy with
the deletion mutants would not cause anaphylaxis even
at relatively high doses. That the mixture of the separ-
ately dialyzed two deletion mutants was negative in
RAST-EIA suggests that significant reconstitution of
IgE epitope structures is unable to occur once the
detergent is removed from the solution by dialysis
(Fig. 5). Preparing the overlapping two fragments sep-
arately is preferable to avoid occurrence of such IgE
epitope structures that were refolded in the material
generated by dialysis of the mixture of the two de-
natured fragments.

Recently, clinical trials of allergen-specific immu-
notherapy using chemically synthesized short-lengthed
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peptides containing T-cell epitopes of allergens have
been carried out (Hoyne et al., 1995; Norman et al.,
1996; van Neerven et al., 1996). As with immunother-
apy using non-anaphylactic combinations of the del-
etion mutants of allergens such as 1-112 and 85-129
of Der f 2 fragments, the peptide-based immunother-
apy has the advantage of less IgE binding (van’t Hof
et al., 1991). However, a problem associated with
peptide-based immunotherapy is a multiplicity of T-
cell epitopes of the individual allergen in each patient
and a diversity of them due to the diversity of MHC
class II molecules and TCRs in human. Indeed, T-cell
epitopes of Der f 2 proved to be often multiple in
allergic patients (Fig. 2) and those of many allergens
including Der p 2 from the dust mite species D. pter-
onyssinus have been reported not only to be multiple
in each patient but also to have diversity among
patients (van Neerven et al., 1996). Litwin et al.
(1991) demonstrated clinical effectiveness of enzymati-
cally digested fragments of ragweed allergen.
However, in the case that cleavage sites are present
within T-cell epitopes, condition of digestion might
have to be carefully optimized to avoid excessive
degradation that caused loss of peptides containing
T-cell epitopes. Immunotherapy with a combination
of overlapping non-anaphylactic fragments of allergen
such as that of the two deleted Der f 2 molecules, 1—
112 and 85-129, would solve these problems. Vrtala
et al. (1997) reported that both of the two recombi-
nant half fragments of the major birch pollen allergen
Bet v 1 were non-anaphylactic because of the disrup-
tion of the three dimensional structure that was con-
sidered occurring in the case of deletion mutants of
Der f 2. The boundary between such non-overlapping
half fragments should be designed not to be bestrid-
den by T-cell epitopes. Peptides that are presented as
complex with the class II molecules of MHC have
been reported to range in length from 10 to 34
amino acid residues and almost all are shorter than
28 residues long (Chiz et al., 1993). As 1-112 and
85-129 overlap for 28 amino acid residues, combined
they cover all of the T-cell epitopes in the whole Der
f 2 sequence theoretically.

Thus, the combination of the two non-anaphylactic
deleted Der f 2 molecules, 1-112 and 85-129, is poten-
tially useful for immunotherapy specific for house dust
mites in that not only does it reduce the risk of ana-
phylaxis, but also all of the native multiple T-cell epi-
topes are theoretically covered. We have reported that
a variant of Der f 2 with slight differences from the
native sequence, designated C8/119 S, maintained full
reactivity to proliferate T cells in patients allergic to
house dust mite in spite of the low reactivities of IgE
binding (Takai et al., 1997b). We emphasize that the
strategies for the use of the overlapping non-anaphy-
lactic combination of two partially deleted fragments

of allergen covering all the native amino acid sequence
such as in the present study and of mutant allergen
such as C8/119 S are based on a similar concept i.e.
separation of IgE reactivity that depends largely on
the tertiary protein structure from T-cell reactivity that
depends on the primary amino acid sequence of T-cell
epitope peptides (Marshall and Francis, 1997). These
strategies have an advantage of maintenance of native
sequences for T-cell epitopes over the use of hypoaller-
genic isoforms, for example, those proposed in Bet v 1
(Ferreira et al., 1996). The concept of separating of the
B-cell epitopes of antigen from the T-cell epitopes or
that of the latter from the former might be useful for
not only allergen specific immunotherapy but immu-
notherapy for cancer or autoimmune diseases and
safer DNA vaccination (Hsu et al., 1996; Raz et al.,
1996).
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