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SUMMARY

C8/119S is a mutant of recombinant Der f 2 (rDer f 2), and lacks a disulphide bond possessed by wild-
type rDer f 2. In humans and mice, C8/119S has a very weak IgE-binding capacity compared with the
wild-type, but possesses a T cell reactivity comparable to that of the wild-type. C8/119S may thus be a
safe immunotherapeutic agent for house dust mite allergy. The aim of the present study was to evaluate
whether the intranasal administration of C8/119S could suppress an immediate allergic reaction in mice
sensitized with wild-type rDer f 2, possessing an allergic activity comparable to native counterparts
purified from mite extract. Seven-week-old male A/J mice were immunized with wild-type rDer f 2 four
times, and then intranasally administered 0-2¢ »f wild-type, 0-2—2Q@g of C8/119S, or PBS alone,

three times a week for 4 weeks. Seven days after the last administration, the mice were examined for an
immediate allergic reaction. The animals administeregdg 2of C8/119S (C2.0 group) showed
significantly reduced immediate bronchoconstriction provoked by the i.v. injection of 1 ang 40
wild-type rDer f 2, compared with the PBS-treated mice. Similar results were obtained when we
examined mice 10 weeks after the last administration. The reactions in the other groups given wild-type
or C8/119S also tended to decrease in severity in comparison with the animals of the PBS group. The
allergic phenotypes of the T cells, B cells, and basophils in the C2.0 group were shifted to that of naive
mice without immunization. We conclude that C8/119S has hyposensitizing activities in mice sensitized
with wild-type rDer f 2. C8/119S may be useful for immunotherapy of house dust mite allergy.
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INTRODUCTION the original allergens, they will not trigger a chemical mediator

Specific immunotherapy for the treatment of patients with respira-release from basophils and mast cells by the cross-linking of IgE—

tory allergy has been conducted for more than 80 years [1], and thlégE receptor Complex on these .Ce”S [18].‘ af‘d may be safe
use of extracts of several pollens, house dust mites, bee Venorﬁmmunotherapeutlc agents f°f _tre_atlng allergic dlsea_ses. Recen_tly,
and other substances has been demonstrated to be effective [2—2 |.n|cal trials of allergen-specific immunotherapy using synthetic

Standardizations of such extracts have been carried out to obtaa |§:Ideens Ic;fef'golrt f:\?;hbgzgt?:'ggez (Eig ggitopes of a major cat
maximal efficacy and to eliminate side-effects, including systemic gen, el ! €p o
Concerning house dust mite allergens, genes for the allergens

anaphylaxis in immunotherapy [5-7]. Many clinically important Der 1, 2, 3 found irDermatophagoides farinaend Der p 1, 2, 3,

allergens have been purified from the extracts [8—10], and genes . . :
for such allergens have been cloned with a view to their use ingln Dermatophagoides pteronyssinaave been cloned [21-23].

immunotherapy [11]. To date, derivatives of several purified andﬂ;gornfgzothﬁrs, kt)he nprohduca (if DeL.fb.Zt gﬁnre .(recotm.tt)lnfarl]n';] Dn:)r ;2
recombinant allergens, including chemically modified aIIergens( € )) has been shown to exhibit allergic activity in humans

[12,13], synthetic peptides [14.15], and mutants of wild-type comparable with n_ative Der f 2 prepared from crude mite extr_act
recombinant allergens [16,17], have also been developed. Sin g4,25]. We previously reported the development of murine

S - . lergic models by using rDer f 2 as the sensitizing antigen and
h rivativ ften weaker IgE-bindin ity thaf N . LT i
these derivatives often possess weaker IgE-binding capacity t ahyposensmzatlon to the allergic reaction in rDer f 2-sensitized

Correspondence: Masaaki Yasue, Bioscience Research and Developlice by oral administrgtion of rDer f2[26,27]. Taletial. recently .
ment Laboratory, Asahi Breweries Ltd, 1-21, Midori 1-chome, Moriya- eported the construction of a mutant of rDer f 2, C8/119S, which

machi, Kitasoma-gun, Ibaraki 302-0106, Japan. retained complete activity to stimulate T cell proliferation and

© 1998 Blackwell Science 1



2 M. Yasueet al.

markedly reduced binding capacity to Der f 2-specific IgE in concentration was determined by ELISA using a rat anti-mouse
humans [28]. In the present study, to evaluate the suitability oige MoAb (MCA419; Serotec Ltd, Oxford, UK) as a capturing
C8/119S as an immunotherapeutic agent for house dust mitantibody and a biotinylated antibody (MCA420B; Serotec) as a
allergy, we investigated the effect of the intranasal (i.n.) adminis-detecting antibody. The levels of anti-wild-type 1gG1 and IgG2a
tration of C8/119S on the allergic reaction in A/J mice immunizedwere determined by ELISA using wild-type rDer f 2 as a capturing
with wild-type rDer f 2. For comparison, we also used wild-type antigen and the following detecting antibodies: biotinylated rat
rDer f 2 for administering intranasally into sensitized mice. MoAbs, anti-mouse IgGl (no. PM-05002D; Pharmingen, San
Diego, CA) and anti-mouse IgG2a (no. PM-05022D; Pharmingen).
In addition to the measurement of antibody in each plasma
sample by ELISA, plasma was pooled for each group to determine
Antigen anti-wild-type rDer f 2 IgE levels by mouse—rat heterogeneous 72-
Wild-type rDer f 2 was kindly supplied by Nikka Whisky Distilling h passive cutaneous anaphylaxis (PCA) using SD rats at 8 weeks of
Co., Ltd (Chiba, Japan). C8/119S was prepared in our laboratory a@ge as recipients [29]. Plasma was serially diluted (1:80—1:2560),
described elsewhere [28]. Two cysteine residues at the 8th anand the dilutions were intracutaneously injected into the back of
119th positions in the wild-type were converted to serine residuesecipient SD rats. After 72 h, Evans Blue and pglof provoking
in C8/119S, so that the number of disulphide bonds was reducedntigen were intravenously injected into the rats to provoke a PCA
from three to two in C8/119S [28]. Wild-type and mutant rDer f 2 reaction. After 30 min, the maximum dilution at which a blue spot
were dissolved in PBS before use. larger than 5 mm in diameter was induced was determined as the
PCA titre.

MATERIALS AND METHODS

Animals

Male A/J mice and Sprague-Dawley (SD) rats were purchasedetermination of airway constriction

from Japan SLC (Shizuoka, Japan). The animals were maintaineéntigen provocation tests were carried out by the Konzetisshw
under controlled conditions with 12 h alternating light/dark cycles.method either 7 days or 10 weeks after the last i.n. administration.
Water and commercial food were availalale libitum. They were ~ The immediate airway response was provoked by the i.v. injection
kept without treatment for at least 1 week after arrival at ourof wild-type rDer f 2. The severity of airway constriction

laboratory. was expressed by ventilation overflow (VO) defined by the
Konzett—R@sler method [30,31].
Immunization Mice were anaesthetized with pentobarbital sodium (50 mg/kg,

Seven-week-old A/J mice were immunized with wild-type rDer f 2 i.p.) and immobilized with pancuronium bromide (0-5mg/kg, i.v.).
by the intraperitoneal (i.p.) injection of 1@ of wild-type Tracheal cannulation was performed with an 18 G needle con-
adsorbed in 4 mg of aluminium hydroxide four times at intervalsnected to an animal respirator. The lung was inflated with a fixed

of 2 weeks. volume of air under 5cm bD pressure at a rate of 60 breaths/min,
and the VO was continuously measured by a pneumotachograph.
Experimental groups The ventilation volume (7—10 ml/kg) was adjusted so that the VO

On the day of the last (4th) immunization, the mice were dividedwas about 3ml/min. When the VO was stabilized, the antigen
into six groups: ‘2ug wild-type rDer f 2’ (referred to as W2.0), challenge was started: 0-05 ml of each wild-type rDer f 2 solution,
‘0-2ug wild-type rDer f 2’ (WO0.2), ‘20ug C8/119S’ (C20), ‘&g containing Jug and 1Qug of the antigen, was sequentially injected
C8/119S’ (C2.0), ‘0-2g CB8/119S’ (C0.2), and PBS (control). into the femoral vein at an interval of 6 min. The VO was recorded
Each group consisted of 7—12 mice. Several animals which weréor at least 12 min from the administration of the.d wild-type

not immunized (‘naive mice’) were also used as reaction-negativesolution. TheAVO, i.e. the difference between the maximal VO

controls in the experiments. observed after challenge withugy or 10ug of the antigen and the
base VO before the injection ofy of rDer f 2, was used as an
Intranasal administration of wild-type rDer f 2 and C8/119S index of the degree of immediate airway constriction.

On the day of the last immunization, the i.n. treatment was started

and performed three times a week for 4 weeks. The mice wer®etermination of histamine concentration in the whole blood

lightly anaesthetized with ethyl ether, and a PE-10 polyethylendmmediately after the measurement of bronchoconstriction pro-

tube was inserted into the left nasal cavity. Twenty microlitres ofvoked by the i.v. injection of 1@g of wild-type rDer f 2,

antigen solution or PBS were slowly injected into the cavity from aheparinized whole blood was obtained from the inferior vein of

50-ul microsyringe through the tube. The mice in the W2.0, W0.2, each mouse. The histamine content in the plasma was determined

C20, C2.0, and CO0.2 groups were givengRof wild-type, 0-2ug of by a fluorescent assay usingphthaldialdehyde.

wild-type, 20ug of C8/119S, 2.9 of C8/119S, and 02y of C8/

119S per administration, respectively. The control mice wereFlow cytometric analyses of peripheral blood leucocytes

treated with PBS alone. The naive mice were given no treatmentn the mice of the C0.2, C2.0 and PBS groups, which were not
examined for immediate reaction, leucocyte phenotypes were

Determination of plasma antibody levels in hyposensitization =~ determined. Heparinized blood was collected from the inferior

experiments vein of each mouse 7 days after the last i.n. administration.

Mice were bled on the first and last days of the i.n. administration  Peripheral blood leucocytes were separated from whole

for the determination of plasma antibody levels. Heparinized bloocblood by dextran sedimentation for the analysis of CD23 expres-

was collected from the retroorbital plexus of individual mice. sion on B cells, CD11b (Mac-1), and the IgE molecules on

Plasma (about 2@l/animal) was separated from the whole blood basophils. The leucocytes were washed with PBS and then

and frozen until the determination of the antibody titre. Total IgE treated with FITC-conjugated rat anti-mouse B220 (no. 32554A,
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Pharmingen)} biotinylated rat anti-mouse CD23 (no. 32554A, (a)
Pharmingen), or FITC-conjugated rat anti-mouse CD11b (no.
32554A; Pharmingen) biotinylated rat anti-mouse IgE (no.
32554A; Pharmingen). Biotinylated antibodies were labelled 10 -
with Cychrome-conjugated avidin (no. 32554A; Pharmingen).
The flow cytometric analyses were performed with the use of
FACScan (Becton Dickinson, San Jose, CA). 7.5
Determination of IL-6 and interferon-gamma production from
spleen cells

Spleen cells of mice which were subjected to the flow cytometric
analyses of peripheral blood leucocytes were examined for cyto-
kine production. Spleen cells were obtained immediately after
bleeding, and incubated in serum-free medium, AIM-Vig(3,
Grand Island, NY) in the presence or absence gid/énl of wild-

type rDer f 2 for 72 h. IL-6 and interferon-gamma (IFNlcontents

of the culture supernatants were determined by ELISA using the 0 =l ‘ -
following capturing and detecting antibodies: rat monoclonal anti- . _10 . 10
mouse IL-6 (no. PM-18071D; Pharmingen) and biotinylated rat Dilution of hyperimmune plasma
monoclonal anti-mouse IL-6 (ho. PM-18082D; Pharmingen); rat
monoclonal anti-mouse IFN- (no. PM-18181D; Pharmingen)
and biotinylated rat monoclonal anti-mouse IRN{no. PM- IL-6

18112D; Pharmingen). The detecting antibodies were labelled 03 T
by avidin-conjugate@3-galactosidase (no. A-2300; Vector Labs,
Burlingame, CA) for fluorescence development. Standard
curves for cytokines were made using recombinant mouse IL-6
(no. PM-19251V; Pharmingen), and IFN-(no. PM-19301U;
Pharmingen).

Diameter of blue spot (mm)
o1
I

(b)

V.2

Concentration in the medium (ng/ml)

Statistical analysis 3+ T
All of the data obtained are expressed as means with s.e.m. The cell IFN-y
surface molecule and antibody level data were log-transformed
before analysis. Student’s pairgetest was used to compare 1.5
differences in the measurements of airway reactions, leucocyte
analyses, and plasma antibodies between pairs of groups. Changes
in antibody levels before and after the oral treatments were also
assessed with the pairedest.P < 0-05 was considered significant. 0 e
No rDer f2 C8/119S
antigen

RESULTS Fig. 1. Comparison of allergic activities of wild-type rDer f 2 and C8/119S
Comparison of allergic activity of wild-type rDer f 2 and in A/J mice immunized with wild-type rDer f 2. (a) Passive cutaneous
C8/119S in mice anaphylaxis (PCA) reaction provoked with wild-type rDer f2) @nd C8/

Before examining the hyposensitizing activity of C8/119S, we 1198_-). Two rats intracutaneously sensit_ized with serial dilutions of
compared the allergic activity of C8/119S with that of wild-type hyperimmune plasma were cha_lllenged by either wild-type rDer f 2_or cs/
rDer f 2 in mice. In humans, the binding activity of C8/119S to Der 119S. (b) IL-6 and IFNy production py Sple.en cells cultured for 72 in the
f 2-specific IgE was 1/100—1/10 of that of wild-type rDer f 2 or presence or absence of A@¥ml of either Wlld-typ_e_ rDer f 2 or C8/1_19$.

) ) ; . Spleen cells were prepared from three sensitized mice. Vertical bars
native Der f 2, as determined by a skin-prick test and a basophlfeloresent s.em.
histamine release assay. Two rats intracutaneously sensitized with
serial dilutions of hyperimmune plasma (PCA tite540, obtained
from sensitized A/J mice) were challenged by either wild-type orcells after stimulation with C8/119S was comparable to that with
mutant rDer f 2. Blue spots appeared at the site of sensitization, asild-type. The concentration of IL-4 could not be determined in
shown in Fig. 1a. The PCA reaction induced by C8/119S was muchhis study. IL-6 and IFNy production by naive spleen cells after
weaker than that by wild-type rDer f 2. The IgE binding capacity of incubation with wild-type rDer f 2 and C8/119S was negligible
C8/119S was estimated to be 1/30—1/10 of wild-type. (data not shown).

We then determined the T cell reactivity of wild-type and
mutant rDer f 2 using spleen cells that were obtained from miceEffect of i.n. administration of wild-type rDer f 2 or C8/119S on
immunized four times with wild-type rDer f 2. After the spleen immediate response
cells were cultured in the presence or absence @lfl of either  Since we confirmed that C8/119S possessed adequate T cell
wild-type or mutant rDer f 2 for 72 h, the concentrations of IL-6 reactivity and very weak IgE-binding capacity in mice, we per-
and IFN+ in the supernatant of the cell culture were measured byformed a hyposensitization study in sensitized mice by using C8/
ELISA (Fig. 1b). The cytokine production by sensitized spleen119S and wild-type rDer f 2.
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Fig. 2. Comparison of the immediate reaction provoked by the i.v. injection of wild-type rDer f 2 among the experimental groups. (a) Increase
in the ventilation overflow (VO) after the injections of 1 andiof wild-type rDer f 2. Antigen provocations were performed 7 days (week

11) or 10 weeks (week 20) after the last intranasal treatment. The numbers of mice were as follows=RBSW0.2,n=7; W2.0.n=7,

C0.2,n=9; C2.0,n=10; C20,n=7; and naiven=4 at week 11; PB$)=8; C0.2,n=8; and C2.0n= 8 at week 20. (b) Plasma histamine
concentration immediately after the determination of bronchoconstriction 7 days after the last intranasal treatment. The same mice as in (a)
were examined.

Animals were intranasally given 0—2@ of either wild-type or ~ C2.0 groups. Since the IgE-binding capacity of C8/119S was much
C8/119sS three times a week for 4 weeks, and had their bronchdewer than that of wild-type, we prepared a C20 group givepd0
constriction evaluated upon antigen provocation 7 days after theadministration of C8/119S. The airway response in the C20 group
last administration. As shown in Fig. 2a, the sequential i.v.was not suppressed as clearly as in the C2.0 group, however
injection of 1 and 1Qg of rDer f 2 to mice in the PBS group (Fig. 2a). The histamine level in the plasma immediately after
provoked immediate airway constriction in a dose-dependenmeasurement of the bronchoconstriction was almost proportional
manner, whereas no such reaction was observed in the naiue the increase in VO after the i.v. injection of 4§ of wild-type
mice. The responses were weaker in the W0.2 and W2.0 group$Fig. 2b). To determine the continuance of the hyposensitization,
given 0-2 and 2-@g/administration of wild-type rDer f 2, respec- the animals in the PBS, C0.2 and C2.0 groups were examined for
tively, than in the PBS group. However, no significant differencebronchoconstriction 10 weeks after the last administration. The
compared with the PBS group was obtained, and the values of theesults were similar to those from day 7 (Fig. 2a).

W0.2 and W2.0 groups were comparable. This was not the case for

the C0.2 and C2.0 groups, given 0-2 andg@@dministration of  Changes in plasma IgE, IgG1 and IgG2a levels

C8/119S, respectively. The immediate reaction in the C2.0 groud he total IgE, wild-type rDer f 2-specific IgG1 and 1gG2a levels
was significantly lower than that in the PBS group, and the C0.2before and after the administration period are shown in Fig. 3. The
group exhibited a value intermediate between those of the PBS andvels of total IgE and that of anti-wild-type 1gG1 were slightly
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Fig. 3. Plasma total IgE concentration, anti-wild-type rDer f 2 1IgG1, and 1gG2a levels béfyrand after @) intranasal treatments in mice
that were examined for immediate reaction 7 days after the last treatment. Regarding the total IgE concentration, ‘100%ug&sl 2-35
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decreased and anti-wild-type IgG2a was markedly decreased aft&D11b and IgE molecules on basophils were 2-4-fold more
the administration in all groups except the W2.0 and C20 groupsnumerous in the PBS group than in the naive mice, while the
In these groups, the total IgE and anti-wild-type IgG1 levels werenumbers of these molecules in the C0.2 and C2.0 groups were
slightly increased after 4 weeks of i.n. administration. The anti-decreased compared with the PBS group, in a dose-dependent
wild type PCA titre was 320 in all groups over the experimental manner (Fig. 4). No significant difference was obtained between
period. No significant difference was observed in antibody levelshe PBS and C8/119S-administered groups, however. The plasma
among the groups or between before and after the administratiortotal IgE levels in the PBS, C0.2 and C2.0 groups were compar-
The antibody levels did not correlate with the immediate reactionable, and thus the numbers of IgE molecules on the basophils were
expressed by the increase in VO, or with plasma histamine levelsonsidered to reflect the numbers of IgE receptors, except in the
(data not shown). Neither a drop in the level of reaginic antibodynaive mice.

nor an increase in the level of blocking antibody were found. We also examined the expressions of CD44, CD49d and
CD117 on basophils. No differences were observed in CD44 and
Flow cytometric analysis of peripheral blood leucocytes CD49d between the naive and sensitized mice, and CD117 was not

Mice in the PBS, C0.2 and C2.0 groups in which no immediatedetected on the basophils (data not shown).

reaction was provoked were examined for the phenotypes of

peripheral blood leucocytes and spleen cells 7 days after the la$t-6 and IFN-y production by spleen cells

i.n. administration. Spleen cells obtained from mice in the PBS, C0.2 and C2.0 groups
B cells were distinguished from the other cell types by B220and naive mice were cultured with or without A§¢/ml of wild-

expression and cellular morphology. CD23 expression on B cells intype rDer f 2 for 72 h. The concentrations of IL-6 and IRNR the

the PBS group mice as determined by flow cytometry was two-foldsupernatant of the cultures without antigen wef@ 1 ngl/ml and

higher than that in the naive mice. The CD23 values of the C2.QL ng/ml in all groups, respectively (data not shown). The IL-6 and

group were significantly lower than those of the PBS group, whilelFN-v levels after stimulation with wild-type rDer f 2 in the PBS

the C0.2 group showed values comparable to those of the PBroup were two to four times higher than in the naive mice (Fig. 5).

group (Fig. 4). IL-6 and IFN- production in the C8/119S-administered groups
Basophils were distinguished by surface IgE and cellularwas decreased in a dose-dependent manner, and a significant

morphology. Since the naive A/J mice had a small amount ofdifference was obtained in IL-6 production between the PBS

IgE in their plasma, their basophils could also be captured byand C2.0 groups. IL-4 in the culture supernatant could not be

higher signals for IgE molecules, in seven of nine animalsdetermined.

examined The basophils counted by flow cytometry were about

0-7% of whole leucocytes in the PBS, C0.2 and C2.0 groups

(without significant differences among them), and 0-3% in the

naive mice. These values were comparable to the basophil countsimunotherapy with crude extracts of allergenic substances has

determined by histochemical analysis (data not shown). Thdeen widely performed in the treatment of allergic diseases in the

DISCUSSION

P<0-05
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Fig. 4. Plasma total IgE content, IgE and CD11b molecules on basophils, and CD23 expression on B cells. The numbers of mice were as
follows: PBS,n=10; C0.2,n=10; C2.0,n=9; and naiven="7. Data from naive mice whose basophils could not be captured by FACS
analysis were omitted.
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0-8 — 5 — synthetic peptide with 10-20 residues, C8/119S can contain
each of the T cell epitopes known to vary considerably from
l"<0'05 I patient to patient [42,43]. In the present study, we examined the
hyposensitizing activity of C8/119S in A/J mice sensitized with
wild-type rDer f 2
06— In previous studies, we showed that the oral administration of
% 1 mg/day of rDer f 2 to mice immunized with rDer f 2 for 4 weeks
3 significantly suppressed the immediate airway constriction and
neutrophil influx into airways [26,27]. In these experiments, each
0-4 — mouse was orally given 20 mg of rDer f 2, but preparing such an
amount of C8/119S is currently impossible. We thus chose the i.n.
administration of wild-type and mutant rDer f 2 in the present
study. Mice immunized with wild-type rDer f 2 were intranasally
0-2 given 0-2—-2Qug of either wild-type or C8/119S for 4 weeks, and
1 then examined for their allergic reaction. The immediate reaction
provoked by the i.v. injection of wild-type was suppressed in all
groups that received wild-type rDer f 2 or C8/119S compared with
the PBS group, and the decrease in the allergic reaction was most
@ N 9 prominent in the C2.0 group. The VO increase and plasma
a 38 O histamine concentration after challenge withutOof rDer f 2 in
the C2.0 group were almost equivalent to the values after i.v.
Fig. 5.1L-6 and IFN-y pr_oduction by spleen cells cultured for 72h in the challenge with 2—3g of rDer f 2 in sensitized mice without
presence of 1fg/ml of wild-type rDer f 2. Spleen cells were prepared from 1 sensitizing treatment (data not shown). These results indicate
mice that were examined for phenotypes of basophils and B cells. that the provocative concentration for the allergic reaction of the
C2.0 group was increased at least several-fold by the administra-
tion of C8/119S. This decrease in the sensitivity to allergen after
airway, and many affirmative results concerning the therapy havénmunotherapy was comparable to that in several clinical studies
been obtained in clinical and experimental studies. Despite th¢44,45].
beneficial effect of immunotherapy, however, several problems It seemed that i.n. hyposensitization with C8/119S and wild-
remain in the use of crude extracts. First, although only a fewtype had an optimum dose showing maximal effects. Higher
allergens that sensitize patients are necessary in the immunaloses did not always produce better results. In a range within
therapy, crude allergens often contain unnecessary substanc@92-0-Z.g/administration, the hyposensitizing activity of C8/
[32,33]. The effect of the administration of these substances 0119S was higher than that of wild-type in our murine allergic
patients’ health is still unclear. Second, allergens in the extractnodel. The increase in plasma IgE levels in the W2.0 and C20
have strong IgE-binding activity, and side-effects such as systemigroups, which received the largest amount of antigens, may reflect
anaphylaxis may be caused by the injection of a crude extract if théhe local ‘sensitization’. In a previous study, we showed that i.n.
dose of the extract is incorrect or the patient’s physiologic status injection of 0-1 mg of rDer f 2 once a week for 12 weeks could
not good [34,35]. The international standardization of allergeninduce systemic IgE production and airway hyperresponsiveness
extracts has ameliorated these problems to some extent, but nf&7]. The outcome of i.n. immunotherapy may depend on the
completely. Recent advances in biochemistry and immunologyalance of local ‘sensitization” and ‘hyposensitization’ in A/J mice
have further improved the situation. Several recombinant forms ofmmunized with wild-type rDer f 2. A clear difference in the
clinically important allergens with high purity are now available in immediate reaction between the W2.0 and C2.0 groups, both of
large quantities [11,25], and derivatives of wild-type allergenswhich received Zg/administration of antigen, suggested roles for
including synthetic peptides and mutants of recombinant allergensast cells and basophils in the local sensitization. These cells have
have been developed from the original allergens. Several of thedgigh-affinity IgE receptors on the cellular surface, and can be
derivatives have been shown to contain T cell epitope andactivated by the interaction between antigens and IgE molecules on
possess little or no IgE-binding capacity [16,20]. Since it seemshe receptors, followed by the secretion of both chemical mediators
that interactions between T cells and injected allergens play and Th2-type cytokines [18,46—48]. Wild-type rDer f 2 may react
pivotal role in the hyposensitization of patients to allergens, suctio IgE and induce Th2-type cytokines/mediators more strongly
derivatives have the potential to be safe immunotherapeutic agentban does C8/119S. These cytokines could shift the balance from
[36]. ‘hyposensitization’ to ‘sensitization’, which may account for the
Concerning house dust mite allergens, the genes for group tinsuccessful immunotherapy in the W2.0 group. To confirm this
(Der f 1, Der p 1) and 2 (Der f 2, Der p 2) major allergens, both of hypothesis, a comparison of cytokine-inducing activity from mast
which have been known to sensitize 60—-80% of patients withcells and basophils of wild-type and mutant rDer f 2 should be
house dust mite allergy [37,38], have been cloned, and T and B ceflerformed. The suppression of the airway response was maintained
epitopes of these allergens have been well studied [39—41]. C8br over 10 weeks after stopping the i.n. administration of C8/119S,
119S, a mutant of rDer f 2, was recently shown to possess completguggesting that the effect of hyposensitization was long-lasting.
activity to stimulate T cell proliferation and markedly reduced Concerning the mechanisms underlying the hyposensitization
binding capacity to Der f 2-specific IgE in humans [28]. Thesein immunotherapy, the decrease in the T cell response to allergen
features were shared with mice. Since C8/119S has an entirand the correction of the Thl/Th2 bias in allergic patients have been
sequence of Der f 2 with 129 amino acid residues, unlike ahighlighted, instead of the drop in reaginic antibodies and the
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increase of blocking antibodies. The Th2-type cytokines IL-4, IL-5, expected that suppression of Th2 cytokines after immunotherapy
IL-6 and IL-13, considered to play a crucial role in type will give rise to the down-regulation of the expression of mast
1 allergy, were down-regulated [49-51], while Thl cytokines cells’ IgE receptors, as seen in basophils in our study, or other
IFN-y and IL-12 were changed or unchanged after successfubhenotypic changes in mast cells.

immunotherapy [52,53]. In the present study, we also observed In the present study, we challenged sensitized mice with wild-
the down-regulation of IL-6 and IFN-production by splenocytes type rDer f 2 by i.v. injection. Although the down-regulation of

in the C2.0 group, which indicated the suppression of T cellCD23 expression on B cells and the IL-6 production by splenocytes
reactivity to the sensitizing antigen, wild-type rDer f 2. Although suggest the suppression of Th2 cytokines in the C8/119S-treated
we could not determine any changes in IL-4, we found that themice, we do not have any information on the immunological status
expression of CD23, one of the activation markers on B cells, wa®f the airway tissue. For a confirmation of the hyposensitization in
down-regulated in the C2.0 group, as in several clinical studies omirway tissue after the administration of C8/119S, further studies to
immunotherapy [54,55]. CD23 expression on B cells has beennduce airway constriction by local allergen challenge and to
reported to be higher in allergic patients compared withexamine changes in the cytokine production and phenotypes of
healthy people, and can be up-regulated by stimulation with IgEmast cells after hyposensitization are needed. Although we have
and IL-4in vitro [56—58]. Since several studies showed that thedeveloped murine allergic models which react to wild-type rDer f 2
rise of CD23 expression during the pollen season in patients withi26,27], a high concentration of rDer f 2>(0-20mg/ml) is
pollinosis and the drop in the expression after immunotherapy wereeeded to provoke an allergic reaction by the antigen inhalation
independent of serum IgE levels [55,59], changes in CD23 mayhallenge in these models. A hyposensitization study with an
reflect the balance of IL-4 and its antagonists when IgE levels arairway challenge using a large number of mice requires a sig-
essentially constant. Thus, the suppression of CD23 expressiamificant amount of wild-type rDer f 2, which is currently rather
without decrease in plasma IgE in the C2.0 group may reflect thexpensive. We are attempting to develop an experimental model
suppression of the activity of IL-4, though the direct measuremenshowing allergic reactions in the airway, including an eosinophilic
of cytokine production from T cells would be necessary to confirminflammation, after the inhalation or i.n. injection of a lower
this. concentration of wild-type rDer f 2.

Immediate reactions are known to be triggered by the release of In conclusion, the findings obtained in the present study give
mediators from mast cells or basophils, and thus functionakise to optimism that i.n. immunotherapy with C8/119S in house
changes in these cells as well as T cells must accompany successtlist mite allergy is of benefit in a murine allergic model.
immunotherapy. It has been shown that the expression of high-
affinity IgE receptors or several function-molecules on basophils is
up-regulated in allergic patients or after stimulationvitro in ACKNOWLEDGMENTS
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