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To establish a guinea pig model for house dust mite
llergy with purified mite allergens, we studied the
mmune response to two major mite allergens, native
er f 1 (nDer f 1) and recombinant Der f 2 (rDer f 2) and
rude mite extract in Hartley guinea pigs. Animals
ere immunized with either mite extract, nDer f 1 or

Der f 2, four times at 2- to 3-week intervals. Then the
uinea pigs were examined as to the status of sensiti-
ation to the sensitizing antigen. Intradermal injec-
ion of mite antigens to mite extract-, nDer f 1-, and
Der f 2-sensitized animals induced both immediate
nd late-phase cutaneous reactions. Allergic airway
isease was also provoked by the intranasal instilla-
ion of rDer f 2 or mite extract. Anti-nDer f 1 and -rDer
2 IgE as well as anti-mite extract IgE were produced

n the sensitized guinea pigs and IgE titer for three
ite antigens were comparable. We concluded that

mmunization of Hartley guinea pigs with nDer f 1 and
Der f 2 achieved sensitization to mite allergens,
hich was comparable to that obtained by the immu-
ization with mite extract. A mite-allergic model suit-
ble for immunological and pharmacological studies
as established from rDer f 2-sensitized guinea pigs.
1999 Academic Press

Key Words: mite; recombinant Der f 2; native Der f 1;
uinea pig; IgE.

INTRODUCTION

Hypersensitivity to house dust mites of the genus
ermatophagoides is a major component of allergic
isease (1). Most of the new knowledge concerning the
nflammatory process and medical treatment of house
ust mite allergy, as well as the biochemical and im-
unological properties of mite allergens, has been ob-

ained from animal studies using mice and guinea pigs
hat were immunized with crude body extract from
ouse dust mites, Dermatophagoides farinae (Der f)
nd Dermatophagoides pteronyssinus (Der p) (2–6).
185
, Der p 2), and other major allergens have been puri-
ed from extract of Dermatophagoides mites and used

or immunological research (7, 8). Group 1 mite aller-
ens have a molecular weight (MW) of 25 kDa and are
lycoproteins with a cysteine-protease activity. Group
allergens are 14-kDa MW and have no sugar chain

9). No biological activities have been detected in group
allergens. Among the major house dust mite aller-

ens, genes for Der f 1, 2, and 3 and Der p 1, 2, 3, 5, and
have been cloned (10, 11). In particular, the recom-

inant protein of Der f 2 has been shown to possess an
gE-binding activity comparable to the native Der f 2
nd a method for the production of a large amount of
Der f 2 with a high level of purity has been established
12, 13). Since purified and recombinant mite aller-
ens, such as native Der f 1 (nDer f 1) and recombinant
er f 2 (rDer f 2), have recently been marketed as

eagents, these allergens can be substituted for crude
ite extract in immunological research.
In a previous study, we showed that active sensiti-

ation of mice with nDer f 1 and rDer f 2, as well as
rude mite extract, could induce antigen-specific IgE
roduction (14). However, there have been no reports
n the immune response to purified mite allergens in
uinea pigs. In the present study, Hartley guinea pigs
ere immunized with nDer f 1, rDer f 2, or mite extract

o induce IgE production, cutaneous reaction, and al-
ergic airway reaction after antigen challenge. The sen-
itizing activities of nDer f 1 and rDer f 2 were com-
ared with that of mite extract in guinea pigs and a
ite-allergic model suitable for immunological and

harmacological studies was established from rDer f
-sensitized animals.

MATERIALS AND METHODS

ntigen

Recombinant Der f 2, clone 1 (12), was supplied by
he Nikka Whisky Distilling Co., Ltd. (Chiba, Japan).
0008-8749/99 $30.00
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186 YASUE ET AL.
rude body extract from the house dust mite, D. fari-
ae (mite extract), and native Der f 1 purified from
ite culture extract were supplied by Torii & Co., Ltd.

Chiba, Japan). This mite extract contained approxi-
ately 0.3% (w/w) native Der f 1 and 0.3% (w/w) native
er f 2, as determined by enzyme-linked immunosor-
ent assay. Allergens were dissolved in phosphate-
uffered saline (PBS) before use.

nimals

Specific pathogen-free male Hartley guinea pigs at 5
eeks of age were purchased from Japan SLC, Inc.

Shizuoka, Japan). The animals were housed in an
ir-conditioned room maintained at 24 6 2°C and 55 6
% relative humidity with controlled illumination
lights on from 0600 to 1800). A commercial diet and
ater were available ad libitum. All animals were
oused without any treatment for at least 1 week after
rriving at our laboratory.

mmunization

Groups of eight 6-week-old guinea pigs were sensi-
ized by subcutaneous injection of 4.5 mg of aluminum
ydroxide (alum) and 1 mg of nDer f 1, 10 mg of rDer f
, or 10 mg of mite extract four times at intervals of 2–3
eeks (Fig. 1). In the first and third immunization, 1010

illed Bordetella pertussis (Wako Junyaku, Tokyo, Ja-
an) were also injected subcutaneously as additional
djuvant to enhance IgE production (15). Several
uinea pigs without immunization were used as nega-
ive controls.

The guinea pigs were examined for cutaneous reac-
ions 2 weeks after the last immunization and 3–4
ays later, they were subjected to airway provocation
ests. The sensitized animals were intradermally and
ntranasally challenged with a sensitizing antigen
lone, that is, mite extract, nDer f 1, or rDer f 2. Naive
uinea pigs were divided into three groups and chal-
enged with mite extract, nDer f 1, and rDer f 2, re-
pectively.

FIG. 1. Experimental schedule. Groups of eight guinea pigs were
mmunized with crude mite extract, nDer f 1, or rDer f 2 and chal-
enged with a sensitizing antigen to elicit an allergic reaction.
After measuring skin fold thickness of the shaved
ack of the guinea pigs by means of a thickness gauge
s a “base thickness,” 0.2 ml of 0.01–10 mg/ml antigen
olution was intradermally injected under light anes-
hetization with ethyl ether. After 20 min, skin fold
hickness of each injected site was remeasured. An
mmediate cutaneous reaction was considered to be
ositive when the thickness after the injection of anti-
en solution exceeded two-fold of the base thickness
alue. The minimum concentration of antigen inducing
positive reaction was determined. The reaction de-

lined within a few hours and another reaction with
rythema and slight induration appeared thereafter in
he sensitized animals. Twenty-four hours after the
njection of the antigen solutions, the diameter of the
rythema developed at each injected site by a late-
hase allergic reaction was measured.

irway Provocation Tests

The rise in specific airway resistance (sRaw) caused
y immediate airway reaction after intranasal injec-
ion of either rDer f 2 or mite extract was determined
y the double-flow plethysmograph method without
nesthesia as described (16, 17). Briefly, thoracic
ovement and nasal flow of a guinea pig placed in a

lethysmobox with two chambers for the head and
ody were determined with two pneumotachographs.
pecific airway resistance was derived from the time
elay (TD, in seconds) between thoracic movement and
asal flow under various alveolar pressures, that is,
Raw(cm H2O z s) 5 (RP/2p) z (760 mm Hg-47 mm Hg) z
.36 z tan(2pTD/RP), where RP is respiration time ex-
ressed in seconds.
When the respiration of the animal in the plethys-
obox was stabilized, 0.05 ml of either 10 mg/ml rDer
2 or 10 mg/ml mite extract solution was intranasally

njected through a hole in the head chamber by means
f a micropipette. In the rDer f 2-sensitized guinea
igs, sRaw was measured for 15–20 min from the in-
ranasal challenge. Mite extract-sensitized animals
ere rechallenged with 0.05 ml of 30 mg/ml mite ex-

ract 15 min after the injection of 10 mg/ml solution,
ollowed by an additional measurement of sRaw for 15

in. Due to the solubility of rDer f 2 in PBS, we did not
se rDer f 2 solution with a concentration of more than
0 mg/ml. When sRaw exceeded 2.5 cm H2O z s, the
mmediate airway reaction was considered to be posi-
ive.

Twenty-four hours after provoking immediate reac-
ion, the guinea pigs were anesthetized with ethyl
ther and killed by bleeding from the inferior vein of
he animals. Then tracheal cannulation was performed
ith a PE-250 polyethylene tube. Ten milliliters of
BS was injected into the lungs through the tube and
he BALF (7–8 ml) was recovered. After counting the
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187SENSITIZATION OF GUINEA PIGS TO PURIFIED MITE ALLERGENS
ere made from 0.1-ml aliquots of the BALF and sub-
ected to differential leukocyte counting after Dif-quick
tain.
Due to difficulty in preparing large amounts of nDer
1, inhalation challenge with nDer f 1 was not per-

ormed.

osinophil Viability-Enhancing Activity of Culture
Supernatant of Spleen Cells

In order to determine eosinophil viability-enhancing
ctivity (EVEA) of culture supernatant, dispersed
pleen cells were prepared from sensitized and naive
uinea pigs, which were not examined for cutaneous
nd airway reaction. Groups of five animals were
ewly immunized with mite extract, nDer f 1, or rDer
2, as described above. Five naive guinea pigs without
ny treatment were used as controls. Spleen cells were
repared after obtaining heparinized whole blood from
he inferior vein of each guinea pig for IgE and IgG
etermination. Plasma from five guinea pigs that re-
eived the same sensitizing treatment was pooled for
ach group (nDer f 1, rDer f 2, mite extract, and naive)
nd frozen until the antibody measurement. Dispersed
pleen cells (5 3 106 cells) from the immunized animals
ere incubated in 1 ml of serum-free medium, AIM-V

Gibco, Grand Island, NY) in the presence or absence of
mg/ml of sensitizing antigen for 48 h. Cells from naive
uinea pigs were cultured with or without mite extract,
Der f 1, or rDer f 2. Each culture supernatant was
rozen at 270°C until the determination of EVEA.

Eosinophils were collected as described (18, 19).
riefly, 5-week-old Hartley guinea pigs were intraperi-

oneally injected with 1 ml of horse serum (Gibco) twice
week for 3 weeks. Twenty-four hours after the last

njection, peritoneal exudate cells were collected and
ubjected to Ficoll–Paque (Pharmacia, Uppsala, Swe-
en) density gradient. Sedimentary cells were washed
ith AIM-V and incubated in culture dishes for 60 min.
onadherent cells, in which the purity of eosinophils
as more than 95%, were collected and used for the
etermination of EVEA.
Each spleen cell culture supernatant (SCCS) was

ourfold diluted with AIM-V medium. The dilutes of
IM medium without antigen or with 5 mg/ml of mite
xtract, nDer f 1, or rDer f 2 were also prepared as the
ontrol. Eosinophils (5 3 104 cells) were cultured in 120
l of the dilute in 96-well flat-bottom tissue culture
lates for 72 h. Then, 15 ml of Alamar blue solution
Biosource, CA) was added to each well and eosinophils
ere subjected to additional culture for 4 h, followed by

he measurement of fluorescent intensity. It has been
hown that Alamar blue is reduced to become fluores-
ent in response to the metabolic activity of cells
20, 21). The fluorescent intensity of each well was
sed as an index of eosinophil viability in the well.
IgG1, and IgG2 Levels

Pooled plasma obtained from naive and sensitized
uinea pigs that were used for the preparation of
pleen cells in the EVEA study was subjected to IgE
nd IgG measurement. Antibody levels for individual
uinea pigs were not determined.
Immunoglobulin E levels specific for sensitizing an-

igen were determined by homogeneous 5-day passive
utaneous anaphylaxis (PCA) using guinea pigs at 12
eeks of age as recipients. One-hundred microliters of

erial dilutions of plasma (1/10–1/3000) was intrader-
ally injected into the shaved back of recipient ani-
als under anesthetization with ethyl ether. After 5

ays, 0.25 ml of 1% Evans blue solution containing 0.1
g of the provoking antigen was intravenously in-

ected into the recipients to provoke a PCA reaction.
fter 20–30 min, the maximum dilution at which a
lue spot larger than 5 mm in diameter was induced
as determined as the PCA titer, an index of antigen-

pecific IgE levels.
Anti-mite extract, -nDer f 1, and -rDer f 2 IgG

ubclasses were determined by ELISA following the
ecommendations of the manufacturers of the anti-
odies. Plasma was 1000-fold diluted with PBS con-
aining 0.05% (w/v) Tween 20 and 5% bovine serum
lbumin fraction V before IgG determination. In the
ssays, we used mite extract, nDer f 1, or rDer f 2 as
capturing antigen and two detecting antibodies,

eroxidase-conjugated goat anti-guinea pig IgG1
GAGp/IgG1/PO, Nordic Immunological Laborato-
ies, Tilburg, the Netherlands) and goat anti-guinea
ig IgG2 (GAGp/IgG2/PO, Nordic Immunological
aboratories). 2,29-Azino-bis-(3-ethylbenzthiazoline-
-sulfonic acid) (ABTS) and H2O2 were used as sub-
trates for color development. Diluted plasmas were
eacted in the well (i) with capturing antigen or (ii)
ithout antigen. Delta absorption at 405 nm (ABS
05 nm), that is, the difference between ABS 405 nm
f (i) and (ii), was calculated, and IgG levels were
xpressed by DABS 405 nm.

tatistical Analysis

All of data obtained are expressed as means with
EM. Student’s paired t test was used to compare
ifferences in the measurements of airway reactions
nd leukocyte analyses between pairs of groups. A P
alue lower than 0.05 was considered significant.

RESULTS

utaneous Reaction

After four immunizations, groups of eight guinea
igs were examined for cutaneous reaction provoked by
ensitizing mite antigens. The provocative concentra-
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188 YASUE ET AL.
ion of antigens for immediate reactions are shown in
able 1. Seven of eight guinea pigs immunized with
ite extract reacted to 10 mg/ml of mite extract solu-

ion and this was the case in both nDer f 1- and rDer f
-sensitized animals. The provocative concentration of
Der f 1 was slightly lower than that of the mite
xtract and rDer f 2. There was no difference between
he mite extract- and rDer f 2-induced reactions. Naive
uinea pigs did not react to mite antigens (data not
hown).
After recovery from the immediate reaction, cutane-

us erythema caused by a late-phase reaction appeared
n all sensitized animals irrespective of the kind of mite
ntigen. Since the reaction was maximized around 24 h
fter the injection of antigen solution (data not shown),
e measured the diameter of the erythema at this time
oint (Fig. 2). In the low concentration of provoking
ntigen (0.01–0.1 mg/ml), nDer f 1-induced a late-
hase reaction that was more severe than the mite
xtract- and rDer f 2-induced reactions, as well as an
mmediate reaction.

Provocative Concentration of Mite Antigens
for Immediate Cutaneous Reactions

Antigena

Antigen concentration
(mg/ml)

0.01 0.1 1 10 .10b

ite extract ■ ■■■■ ■■ ■
Der f 1 ■■ ■■ ■■ ■ ■
Der f 2 ■■ ■■ ■■■ ■

Note. Individual guinea pigs are represented with “■”.
a Used for both immunization and provocation of the reaction.
b Did not react to antigen under 10 mg/ml.

FIG. 2. Late-phase cutaneous reaction provoked 24 h after an in
o (c)) and naive (h, n 5 4) guinea pigs. (a) Mite extract-induced re
eaction in nDer f 1-sensitized animals, and (c) rDer f 2-induced rea
The guinea pigs were challenged with either rDer f 2
r mite extract to induce immediate airway reaction
–4 days after provoking a cutaneous reaction. After
n intranasal instillation of rDer f 2 and mite extract,
our and five of eight sensitized animals showed posi-
ive reactions with a rise in sRaw, respectively. No
llergic symptoms were observed in naive animals
hallenged with mite extract or rDer f 2. Changes in
he sRaw after intranasal antigen challenge in sensi-
ized and naive animals are shown in Fig. 3. The in-
rease in sRaw after intranasal challenge with 10
g/ml of rDer f 2 was higher than that with 10 mg/ml

f mite extract. Mite extract-sensitized animals were
urther challenged with 30 mg/ml of antigen and sRaw
ncreased in a dose-dependent manner.

Twenty-four hours after intranasal challenge with
ither mite extract or rDer f 2, BALF was collected
rom each animal. As shown in Fig. 4, marked numbers
f eosinophils were found in the BALF of sensitized
uinea pigs showing positive immediate airway reac-
ion, irrespective of the kind of mite antigen. This was
ot the case in naive animals challenged with mite
ntigen and sensitized animals challenged with PBS
data not shown). Increases in leukocytes were also
ound in the BALF taken from sensitized guinea pigs
hat did not show positive immediate reaction and
heir leukocyte counts were intermediate between na-
ve and reaction-positive animals. Leukocyte influx
rovoked with mite extract and rDer f 2 was comparable.

VEA of Culture SCCS

Under all conditions examined, EVEAs ordered as
ollows: SCCS from sensitized animals . SCCS from
aive . medium alone (Fig. 5). EVEA values of sensi-
ized guinea pigs were significantly increased by stim-

dermal injection of sensitizing antigen in sensitized (■, n 5 8 in (a)
ion in animals immunized with mite extract, (b) nDer f 1-induced
n in rDer f 2-sensitized animals. **P , 0.01 compared with naive.
tra
act
ctio
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189SENSITIZATION OF GUINEA PIGS TO PURIFIED MITE ALLERGENS
lation of the spleen cells by a sensitizing antigen, that
s, mite extract, nDer f 1, or rDer f 2. The type of mite
ntigen had little effect on the EVEAs in the sensitized
nimals. Concerning naive guinea pigs, nDer f 1 stim-
lation significantly raised the EVEA of SCCS and
Der f 2 stimulation slightly increased it. This ten-
ency was also seen in the EVEAs of medium with or
ithout mite antigens. Under stimulation with mite
xtract and rDer f 2, EVEAs of sensitized guinea pigs
ere significantly higher than that of naive ones. How-
ver, this was not the case under stimulation with

FIG. 3. Immediate airway reaction provoked with mite antigen in
igs. Data from sensitized animals that did not show positive reactio
ith mite extract. Animals were sequentially challenged with 10 mg

eaction in rDer f 2-sensitized animals. Animals were intranasally ch
ompared with naive.

FIG. 4. Leukocyte count in the BALF 24 h after intranasal in-
tillation of a mite antigen in naive, immediate airway reaction-
ositive sensitized guinea pigs (IAR(1)) and negative ones (IAR(2)).
acrophage (■), eosinophil (o), neutrophil (h), and lymphocyte (p).

ensitized animals were challenged with sensitizing antigen, either
ite extract or rDer f 2. **P , 0.01 and *P , 0.05.
Der f 1, because of the increase in the EVEA value of
aive guinea pigs.

lasma Anti-mite IgE, IgG1, and IgG2 Levels

Pooled plasma of guinea pigs used for the EVEA
tudy was examined for antigen-specific IgE, IgG1, and
gG2 levels. Regarding IgE, the 5-day homogeneous
CA titer for each mite allergen was 300 and IgE
roduction to the three mite antigens was comparable
n Hartley guinea pigs. No IgE production to Der f 1
nd Der f 2 was detected in mite extract-sensitized
uinea pigs, though the mite extract contained a small
mount of nDer f 1 and native Der f 2.
Anti-mite antigen IgG1 and IgG2 levels in the pooled

lasma were determined by ELISA (Fig. 6). Mite ex-
ract-, nDer f 1-, and rDer f 2-sensitized guinea pigs
howed production of both IgG1 and IgG2 specific for
ensitizing antigens, which was not observed in naive
nimals. In all antigens, DABS values for IgG1 were
igher than that for IgG2. In addition, an order (rDer
2 . mite extract . nDer f 1) appeared in both DABS
alues for IgG1 and that for IgG2. However, it was
nclear whether these differences in DABS reflected
he differences in the absolute concentration between
gG1 and IgG2 or among anti-rDer f 2, anti-mite ex-
ract, and anti-nDer f 1 IgG antibodies.

We also determined antigen-specific antibody levels
n pooled plasma of the sensitized guinea pigs which
ere used for antigen provocation tests. Although the
nimals were challenged with sensitizing antigen 1–4
ays before bleeding, results were comparable to those
f animals used for the EVEA study without antigen
hallenge (data not shown).

nsitized (■, n 5 5 in (a) and n 5 4 in (b)) and naive (h, n 5 4) guinea
re omitted. (a) Mite extract-induced reaction in animals immunized

l (‚) and 30 mg/ml (Œ) of mite extract solution; (b) rDer f 2-induced
enged with 10 mg/ml of rDer f 2 solution. **P , 0.01 and *P , 0.05
se
ns a
/m
all
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190 YASUE ET AL.
DISCUSSION

In industrialized countries, considerable numbers of
eople exhibit allergic symptoms caused by type I al-
ergies and recently the number of allergic patients
eeding medical care has increased considerably
22, 23). Any approach to the experimental study of
llergic diseases to improve medical treatment re-
uires a suitable animal model, such as mouse, rat, or
uinea pig. Concerning house dust mite allergy, two
odels showing severe eosinophil infiltration of the

irway have recently been established using mice and
uinea pigs with crude mite extract as the sensitizing
llergen (5, 6). However, the contents of major and
inor allergens in various mite extracts differ from

upplier to supplier. In addition, mite extract contains
ntigenic proteins and substances, which can cause
onallergic inflammation by activating complement or
latelet-activating factor (24–26), of various concen-
rations. Sensitizing experiments must be performed
sing the same mite extract in order to obtain experi-
ental reproductivity. However, purification of major
ite allergens and production of recombinant mite al-

ergens have somewhat improved the situation. Puri-
ed mite allergens are now being substituted for mite
xtract in diagnosis, immunotherapy of house dust
ite allergy and basic research into allergies and im-
unology. In the present study, the usefulness of rDer
2 and nDer f 1 was clearly shown by sensitization

xperiments in guinea pigs.

FIG. 5. Eosinophil viability-enhancing activity of culture supern
or sensitized and naive groups represents the mean of EVEA of five c
f a mite antigen for 48 h. Antigen-free and -containing medium wer
he fourfold dilute of medium or culture supernatant. Freshly isolate
round 1000 (data not shown). **P , 0.01 and *P , 0.05.
After immunization with purified mite antigens,
Der f 1 and rDer f 2, Hartley guinea pigs were sensi-
ized to show skin reactions upon antigen provocation.
he severity of the immediate and late-phase cutane-
us reactions provoked by purified antigens were equal
r higher compared to mite extract-induced reactions.
reliminary histochemical study revealed severe accu-

FIG. 6. Anti-mite antigen IgG1 and IgG2 levels in sensitized and
aive guinea pigs. Pooled plasma obtained from mite-, nDer f 1-, and
Der f 2-sensitized animals that were used in the EVEA study was
ubjected to the measurement of antibody titer specific for mite
xtract, nDer f 1, and rDer f 2, respectively. Pooled plasma of five
aive animals was used as a negative control for each antibody titer.
ntibody levels for individual guinea pigs were not determined.

nt of spleen cells and medium. sen, sensitized guinea pigs. Each bar
re supernatants. Spleen cells were cultured with or without 5 mg/ml
so incubated for 48 h at 37°C. Eosinophils were cultured for 72 h in
sinophils without 72-h culture showed a fluorescent intensity value
ata
ultu
e al
d eo
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191SENSITIZATION OF GUINEA PIGS TO PURIFIED MITE ALLERGENS
he cutaneous reaction irrespective of the kind of mite
ntigen (data not shown), which is known as one of the
ost common pathological features observed in atopic

ermatitis in humans (27–29).
In a previous study, we showed that A/J and C3H/He
ice that were immunized with rDer f 2 showed im-
ediate bronchoconstriction after inhalation of rDer f
(14). However, due to the small size and weak airway

eactivity in mice, a direct connection between a respi-
ator and the mouse trachea by tracheal cannulation
as necessary to accurately measure broncoconstric-

ive response. Thus sensitized mice could not survive
fter the measurement of bronchoconstriction and an-
igen provocation tests could not be repeated in rDer f
-sensitized mice. In addition, it has been reported that
he mouse airway is resistant to several mediators,
uch as histamine, leukotrienes C4 or D4 and sub-
tance P (30, 31). These properties of mice make it
ifficult to use murine asthmatic models for the phar-
acological studies of antiallergic drugs which are ex-

ected to antagonize the above mediators. In contrast,
eactivity and sensitivity of the guinea pig airway to
hysical and chemical stimuli are very high and simi-
ar to those of human allergic patients (24, 32). Hyper-
esponsiveness of the airway makes guinea pigs the
ost used animal in the evaluation of antiallergic

rugs (33–35). After immunization with rDer f 2, half
f the Hartley guinea pigs were sensitized to rDer f 2 to
how immediate airway reaction after intranasal injec-
ion of rDer f 2 and rises in sRaw caused by the reac-
ion were comparable to those of guinea pigs which
ere sensitized and challenged with mite extract or

valbumin (OA) (36, 37). In addition, intense eosino-
hil influx into the airway was observed 24 h after
ntranasal challenge. The rDer f 2-sensitized guinea
igs shared most of the allergic symptoms of severe
ite-allergic patients. As the airway and the cutane-

us reaction could be provoked recurrently at 1-week
ntervals in rDer f 2-sensitized animals without a de-
rease in the severity of the reaction for at least 5
eeks (data not shown), they should also prove useful

n pharmacological studies, as well as mite extract and
A-sensitized animals.
It has been shown that eosinophil accumulation,

hat seems to be mediated by a number of cytokines, is
ssociated with the pathology and symptomatology of
llergic diseases in clinical and experimental studies
39–41). Sputum or culture supernatant of peripheral
lood leukocytes, that was obtained from patients with
ronchial asthma or atopic dermatitis, had an elevated
VEA compared to those from healthy people (42, 43).
e also found that EVEAs of SCCS of mite extract-,

Der f 1-, and rDer f 2-sensitized guinea pigs were
igher than that of naive animals. Although we have
et to determine what type of cytokine in the SCCS
elated to the EVEA, granulocyte–macrophage colony-
ed as eosinophil-activating cytokines in human spu-
um (44). These cytokines could be produced by acti-
ated T cells that were reactive to the sensitizing
ntigens. Although lack of antibodies directed to
uinea pig cytokines hinders the analysis of SCCS,
everal guinea pig cytokines have had their genes
loned (45, 46). Spleen cells of guinea pigs can be ex-
mined for their cytokine gene expression at RNA
evel.

In addition to successful induction of the allergic
eactions, antigen-specific IgE, IgG1, and IgG2 produc-
ion was elicited in Hartley guinea pigs after immuni-
ation with purified mite antigens, nDer f 1 and rDer f
, and crude mite extract. Concerning IgE, the PCA
iter became 300 in both nDer f 1- and rDer f 2-sensi-
ized animals, which was comparable to IgE production
licited by immunization with mite extract. High anti-
enicity of nDer f 1 and rDer f 2 was clearly shown by
he inducibility of the high IgE production, as well as
hat of the severe allergic reactions. In guinea pigs,
oth IgE and IgG1 antibodies can mediate immediate
nd late-phase allergic reactions, while the participa-
ion of IgG2 in the reaction is still unclear (47–51).
assive sensitization studies showed that IgE- and
gG1-mediated allergic reactions had different proper-
ies ranging from sensitivities to drug pretreatment
nd involvement of the kind of chemical mediators,
hich suggested the variety of the IgE and IgG1 in-
olvement in individual allergic reactions (52–55). In
rder to clear the relationship between allergic reac-
ions and antibody levels in our guinea pig models,
easurement of IgE, IgG1, and IgG2 levels in individ-

al animals, as well as allergic skin and airway reac-
ions, will be needed.

Native Der f 1-induced cutaneous reactions were
lightly more severe than mite extract- and rDer f
-induced ones, though plasma PCA titer of mite ex-
ract-, nDer f 1-, and rDer f 2-sensitized animals was
omparable. In addition, EVEAs of nDer f 1-containing
edium and culture supernatant of nDer f 1-treated

aive spleen cells were apparently higher than their
ounterparts of mite extract and rDer f 2. Group 1 mite
llergens have been reported to increase airway muco-
al permeability by their proteolytic activities (56).
ore recently, it has been shown that Der p 1, homolog

f Der f 1 in Der p mite, could bias the immune re-
ponse toward Th2 dominant, which is essential for the
athogenesis of type 1 allergy, by cleaving membrane
D23 molecules on B cells and a subunit of the IL-2
eceptor (IL-2R or CD25) on activated T cells (57, 58).
ystein-protease activity of nDer f 1 may contribute to

he above phenomena observed in the present study.
e would like to undertake further experiments that

haracterize nDer f 1 in species other than guinea pigs,
n addition to the present study.
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nstillation of the antigen solution to immunize ani-
als and to provoke allergic airway disease. As a re-

ult, half of the sensitized animals did not show imme-
iate airway reaction after intranasal antigen chal-
enge. Since experimental animals should not be
asted, efforts are needed to increase the number of
nimals that exhibit a positive reaction. In addition,
osinophil accumulation in the airway of mite-sensi-
ized guinea pigs was observed 24 h after intranasal
hallenge; however, we could not detect the increase in
Raw 6–24 h after the challenge (data not shown),
hich has been frequently observed in OA-sensitized
uinea pigs after inhalation of OA (59, 60). It has been
eported that repeated inhalation challenge with an
ntigen, as a sensitizing method, induced airway
yperresponsiveness efficiently and could sensitize
uinea pigs to show late-phase bronchoconstriction
34, 61, 62). Antigen inhalation deserves to be tested,
hough this method requires a larger amount of mite
ntigens which are currently expensive.
In conclusion, it was clearly shown that nDer f 1 and

Der f 2 had high antigenicity that was comparable to
ite extract in guinea pigs. At the same time, experi-
ental allergic models were established in guinea pigs
sing rDer f 2 and nDer f 1 as the sensitizing antigens.
hese models and purified mite allergens will contrib-
te to the development of research into allergies and

mmunology.
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