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Administration of interleukin-12 exerts a therapeutic instead of a long-term preventive
effect on mite Der p I allergen-induced animal model of airway inflammation
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tGraduate Institute of Clinical Medicine, College of Medicine, National Taiwan University, Taipei, Taiwan

SUMMARY

Interleukin-12 (IL-12) is a key cytokine, which promotes T helper type 1 (Thl) cell-mediated
immunity and inhibits Th2-type responses. It has been previously shown that IL-12 administration
during active immunization following a single allergen exposure can prevent antigen-induced
increases in immunoglobulin E (IgE) formation, Th2 cytokine production and bronchoalveolar
lavage (BAL) eosinophils in a murine model of allergic airway inflammation. Thus, these studies
have now been extended and two IL-12 treatment protocols on this murine model were evaluated.
Administration of IL-12 during the active immunization strikingly increased Der p I-specific serum
IgG2a and transiently decreased the levels of IgG1 and IgE antibodies following multiple allergen
challenges. Such early treatment of IL-12 down-regulated IL-5 production and modestly
up-regulated interferon-y production but did not effect BAL eosinophilia. These results suggest
that repeated exposure to antigen and IL-12 is necessary to maintain a persistent Thl-recall
response. Furthermore, administration of IL-12 to actively immunized mice, in which
Th2-associated responses were established, had a significant effect on IgG2a synthesis and a
modest effect on IgE levels, also down-regulation of IL-5 production, and markedly increased
interferon-y production and abolished recruitment of eosinophils. Therefore, these data indicate
that IL-12 can inhibit antigen-induced eosinophil infiltration into airways, despite the existence
of a Th2-associated response. Taken together, these studies suggest that IL-12 may be useful as
an immunotherapeutic agent in the treatment of such pulmonary allergic disorders as bronchial

asthma.

INTRODUCTION

The house dust mite is one of the most important inhalant
allergens in respiratory disorders, such as bronchial asthma
and allergic rhinitis." Among many species of mite in house
dust, Dermatophagoides pteronyssinus (Dp) is dominant, as
many basic and clinical studies have indicated. Der p 1, a
25000 MW glycoprotein found in mite faeces, has been purified
and shown to be the predominant antigen.? However, no study
has described an animal model of airway inflammation induced
by Der p 1 allergen. Allergic asthma is characterized mainly
by elevated specific immunoglobulin E (IgE) antibody pro-
duction and eosinophilic inflammation.?* It has been proposed
that eosinophils mediate tissue injury and airway hyperrespons-
iveness.® Since IgE production and eosinophil differentiation
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and recruitment are positively controlled by the type 2 cyto-
kines interleukin-4 (IL-4) and IL-5, respectively.®= It has been
recognized that T helper type 2 (Th2) cells and their cytokines
are responsible for the initiation and maintenance of allergic
disorders.'® Thus, agents which decrease IgE levels or Th2
cytokine production or increase Thl cytokine production may
inhibit allergen-induced disorders.

Interleukin-12 (IL-12) is a key cytokine produced by
macrophages to promote Thl-type cell-mediated immune func-
tions.!*!? Previous studies have shown that treatment with
IL-12 inhibits Th2 cytokines and related antibody production
in vitro and in vivo.'37'° These biological activities form the
basis for many studies examining the therapeutic potential of
IL-12. Recent studies in several murine models have shown
that IL-12 has tremendous potential as a vaccine-adjuvant in
promoting a Thl response.!’2° However, such enthusiasm for
IL-12 as a biological adjuvant, founded primarily on striking
data obtained in these short-term experimental systems, makes
it impossible to determine whether IL-12 has lasting impact
on Thl-recall responses following repeated antigen exposure
in the absence of IL-12. In addition, several studies have
demonstrated that IL-12 needs to be administered early in the
sensitization process to induce a Thl-mediated immune
response to inhaled antigen.!#2!
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Collectively, a key to the development of IL-12 as a vaccine
adjuvant or a clinical therapeutic agent for allergic asthma
will be better understanding of modes for using IL-12 to
establish long-lived immune memory of Thl responses, to
reverse or inhibit existing Th2 responses. Therefore, to address
these issues, a well-defined mouse model of airway inflam-
mation induced by Der p I allergen was used and two protocols
of IL-12 treatment were tested.

MATERIALS AND METHODS

Animals

Female, 7-week-old C57BL/6 mice were obtained from and
maintained in the Animal Center of the College of Medicine,
National Taiwan University.

Preparation of antigens

The allergen Der p 1 was isolated by affinity column from
spent mite media, which was kindly provided by Dr K-Y.
Chua (The National University of Singapore). Firstly, 5 g of
spent mite media were mixed with 100 ml of 0-1 m Tris—HCI
(pH 7-6) and then stirred overnight at 4°. The mite extract
was collected after centrifugation at 19000 g for 30 min at 4°
and passed through the anti-Der p 1 affinity column. The
column was washed with phosphate-buffered saline (PBS) and
then Der p 1 protein was eluted with NH,OH (pH 11) at 4°.
Immediately, 0-1 m Tris—HCI (pH 6-8) was added to neutralize
the eluted fractions. The pooled fractions were dialysed against
PBS and further concentrated. Finally, the concentrated prod-
uct was monitored at optical density (OD) 562 nm and stored
at —20° before use.

The lyophilized house dust mite, Dp, was purchased from
Allergon (Angelholm, Sweden). The allergen was prepared as
described.?? Briefly, 1 g of lyophilized mite body was defatted
with 100 ml ether, then homogenized and stirred continuously
in 25 ml PBS for 48 hr at 4°. After centrifugation (12000 g,
30 min), the crude extract was dialysed with PBS, then the
mite extract was dissolved in PBS and stored at —20°.

Immunization and inhalation exposure of mice

For systemic immunization, 10 pg Der p 1 was mixed with
2 mg alum plus 400 ng pertussis toxin (List Biological Lab.
Inc., Campbell, CA) as the adjuvant and injected intraperitone-
ally in a volume of 100 pl.

To examine the effects of recombinant mouse IL-12 (rIL-12;
R & D, Minneapolis, MN), two groups of mice were in
addition treated with IL-12 for 5 days (day —1 to +3)
simultaneously with immunization indicated. IL-12 was admin-
istered intraperitoneally at 1 pg/mouse/day. Control mice
received PBS instead of I1L-12.

Aerosol immunization was performed with crude mite
extract (Dermatophagoides pteronyssinus) solution. The aero-
sols were generated into the chamber using an ultrasonic
nebulizer (DeVilbiss, Somerset, PA). The output of the nebul-
izer was 0-3 ml/min, and the produced particles had a size
range of 0-5-5 um. The concentration of crude mite extract in
the nebulizer was 0-1% (w/v). The mice were exposed to 8 ml
suspension over a 20-min period, by placing them in a chamber,
which could contain six to eight mice concurrently.
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Experimental design
The experimental design is summarized in Fig. 1. Group 1
(n=28) was immunized three times intraperitoneally with Der
p I'in AI(OH); plus pertussis toxin at days 0, 14 and 28. On
day 42, day 56 and day 70, the mice were aerosolized with
crude mite extract. As a control, one group was given PBS on
days —1 to 3, days 13 to 17 and days 27 to 31.

Group 2 (n=28) was immunized intraperitoneally with Der
p 1in AI(OH); plus pertussis toxin at days 0, 14 and 28 and
subsequently aerosolized with the allergen as described above.
In addition, rIL-12 was administered for 5 days each time
(days —1 to 3, days 13 to 17, days 27 to 31).

Group 3 (n=8) was immunized intraperitoneally with Der
p I in AI(OH); plus pertussis toxin at days 0, 14, 28 and 42
and thereafter aerosolized with crude mite extract on day 56.
As control group, PBS was given for 5 days (days 27-31) and
after 2 weeks for another 5 days (days 41-45).

Group 4 (n=28) was immunized intraperitoneally with Der
p Lin AI(OH); plus pertussis toxin at days 0, 14, 28 and 42
and subsequently aerosolized with the allergen on day 56.
These mice were treated with rIL-12, administered from days
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Figure 1. Immunization protocol of the four experimental groups of
C57BL/6 mice (n=8). Intraperitoneal (i.p.) Der p I injections consisted
of 10 pg of Der p 1, 2 mg A1(OH ); and 400 ng pertussis toxin dissolved
in 100 pl of PBS/dose. Dp inhalation was performed with 8 mg of Dp
dissolved in 8 ml of PBS/time. Intraperitoneal IL-12 consisted of 1 pug
of IL-12 dissolved in 50 pl of PBS/dose and treated mice for 5 days
(day —1 to +3) simultaneously with immunization indicated; i.p.
PBS consisted of 50 ul of PBS/dose.
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27 to 31 and from days 41 to 45. Our preliminary study has
found that administration of IL-12 caused more severe adverse
effects in Group 4 mice than in mice of Group 2. Furthermore,
a short course of IL-12 delivery was designed for the purpose
of treatment. Therefore, there were only two occasions of
IL-12 treatment in Group 4 mice to explore the therapeutic
effects of IL-12 on airway inflammation.

Mite allergen-specific antibody and total antibody assays

Der p I-specific IgE, IgG1 and IgG2a sera antibody titres were
determined by enzyme-linked immunosorbent assay (ELISA).
Briefly, 96-well microtitre plates were coated with 4 pg/ml Der
p I diluted in NaHCOj; buffer, pH 8-2. After overnight incu-
bation at 4°, plates were washed twice and blocked with 3%
bovine serum albumin (BSA) in PBS for 2 hr at 37°. Serial
dilution of sera were added to each well for an overnight
period at 4°. Plates were washed and incubated with biotin-
conjugated anti-mouse IgE (0-4 pg/ml, Serotec, Raleigh, NC)
or IgGl (1:500, PharMingen, San Diego, CA) or IgG2a
(1:500, PharMingen) diluted in 3%BSA-PBS buffer for 1 hr
at 37°. After further washes, streptavidin-conjugated alkaline
phosphatase (1:2000, Sigma, St Louis, MO) was added for
an additional 2 hr at room temperature. After extensive wash-
ing, wells were developed by phosphatase substrate p-nitro-
phenyl phosphate (pNPP) and absorbance at 405 nm was
determined using a microplate reader. The levels of antibody
were compared with IgGl, IgE and IgG2a standards with
predetermined concentrations. (immunoglobulin concen-
trations:  1gG1=28-2 ug/ml, IgE=1'1pg/ml, IgG2a=
16-7 ug/ml). For determination of serum total IgE level,
microtitre plates were coated with 2 pg/ml of anti-mouse IgE
(PharMingen) and blocked as described above. Serial dilutions
of the sera and the IgE standard were added for 1 hr at 37°
and then incubated with a biotin-conjugated anti-mouse IgE
(1:500, PharMingen), followed by 1:2000 dilution of alkaline
phosphatase-conjugated avidin and the substrate pNPP in
reaction buffer. The levels of total [gG2a were measured by
radial immunodiffusion (RID, The Binding Site, Birmingham,
UK) method. The concentration was determined by measuring
the ring diameter of the tested samples and reading off a RID
reference table.

Antigen-specific proliferative assay

To measure the Der p I-specific T-cell proliferative response,
the spleens were removed aseptically from rIL-12-treated or
control (PBS-treated) mice 24 hr after the last allergen inha-
lation. The cells were plated into 96-well round-bottomed
plates at a concentration of 3 x 10°/well and were stimulated
with 10 pg/ml of Der p 1. In addition, phytohaemagglutinin
(PHA; 10 pg/ml) was used as a positive mitogenic control and
ovalbumin (4 pg/ml) was used as a negative control antigen.
Control wells contained cells only. After 2 days in culture, the
cells were pulsed with 1 pCi/well of PH]TdR for 15-17 hr.
Specific incorporation of TdR was determined by B-counter
(Packard Instrument Co., Meriden, CT) and results were
expressed as c.p.m.

Cytokines assay

To measure cytokine secretion, splenocytes (1 x 107/well) of
immunized mice treated with or without IL-12 after the last
allergen inhalation were cultured in 0-5ml AIM-V medium

(serum-free lymphocyte medium, Gibco BRL, Grand Island,
NY) supplemented with 2% TCM (mouse serum replacement,
Celox Lab., Hopkins, MN) in the presence of 10 pg/ml Der
p 1 or PHA (10 pg/ml) in a 48-well microtitre plate at 37° for
48 hr. After the culture, the culture supernatants were collected
and centrifuged at 400 g at 4°. The cell-free supernatants were
stored at —20° until they were used for the cytokine assay.
The quantities of IL-5 and interferon-y (IFN-vy) in the culture
supernatants of spleen cells were evaluated by sandwich-
ELISA (PharMingen). The levels of sensitivity for the IL-5
and IFN-y assay were 60 pg/ml and 150 pg/ml, respectively.

Bronchoalveolar lavage (BAL) and histopathological study

At 24 hr after the last aerosol exposure, all groups of mice
were bled from the retro-orbital venous plexus and killed. In
addition, the naive mice exposed to aerosolized allergen were
used as negative controls. The lung was immediately lavaged
via the trachea cannula with 3 x 1 ml of Hanks’ balanced salt
solution (HBSS), free of ionized calcium and magnesium. The
lavage fluid was centrifuged at 400 g for 10 min at 4°. After
washing, the cells were resuspended in 1 ml HBSS and total
cells were determined by counting in a haemocytometer.
Cytocentrifuged preparations were stained with Liu’s stain for
differential cell counts. A minimum of 200 cells was counted
and classified as macrophages, lymphocytes, neutrophils and
eosinophils, based on standard morphological criteria.

To evaluate the effects of IL-12 treatment on allergen-
induced lung inflammation, each group of animals was killed
for histopathological examination. After the lavage, the lungs
were immediately removed and fixed in 10% neutral-buffered
formalin. The tissues were subsequently embedded in paraffin
and cut into 5 um thick sections. These frozen sections were
stained with haematoxylin and eosin and examined using light
microscopy for histological changes.

The levels of serotonin in BAL fluids

The levels of serotonin in lavage fluids were measured by
serotonin ELISA kit (IBL, Hamburg, Germany) according to
the manufacturer’s recommendations. Absorbance values, read
at 405 nm were converted to concentration in BAL fluids by
comparison with a standard curve. The level of sensitivity for
serotonin assay was 0-03 ng/ml. Because the sample prep-
aration leads to a 207-25-fold dilution, the values read from
the standard curve have to be corrected by multiplying by
207-25.

Statistical analysis

Individual experimental values were compared by the paired
two-tailed Student’s f-test. Differences between two groups
were considered significant at P <0-05.

RESULTS

Effects of IL-12 treatment on long-term antibody responses to
Der p 1 allergen

To evaluate the in vivo impact of rIL-12 as vaccine adjuvant
on the maintenance of Thl activity and the capacity of rIL-12
to enhance Thl-associated responses under Th2-dominated
conditions, administration of IL-12 was timed to interfere with
either initial allergen sensitization (Group 2) or boosting
allergen exposure (Group 4). In Groups 1 and 3, antibodies
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of the IgG1 were produced in large amounts (Fig. 2a, Fig. 3a).
Furthermore, substantial amounts of IgE were produced,
whereas the synthesis of IgG2a was low (Fig. 2b, c; Fig. 3b,
c¢). The data indicated allergic sensitization of these mice that
normally develops in a Th2 manner. In Group 2, IL-12
treatment transiently suppressed Der p I-specific IgG1 (Fig. 2a,
P <0-001) and IgE (Fig. 2b, P<0-005) responses but failed to
show a difference from Group 3 since day 42. However, the
IgG2a levels were strongly augmented and consistently main-
tained in Group 2 even without IL-12 treatment for a long
period (Fig. 2¢, P<0-:001). In Group 4, IL-12 treatment did
not significantly down-regulate IgG1 production (Fig. 3a) and
the serum IgE levels were not decreased until day 56 (Fig. 3b,
P<0-05). Whereas the synthesis of IgG2a was significantly
up-regulated after two cycles of IL-12 treatment in Group 4
(Fig. 3c, P<0:001).

The total IgE and IgG2a serum levels were summarized in
Table 1. The results suggested that there was no significant
difference in the level of total IgE among the four groups. It
further indicated that the reduced levels of Der p I-specific
IgE in mice of Group 2 and Group 4 were regulated by an
antigen-specific process. In contrast, the level of total IgG2a
was significantly enhanced as early as at day 28 in mice of
Group 2 and such results were consistent with the level of Der
p I-specific IgG2a antibodies. Nevertheless, the levels of total
IgG2a showed no significant difference between the mice of
Group 3 and Group 4.

Effects of IL-12 treatment on T-cell response to Der p I allergen

The results of Der p I-specific T-cell proliferative responses
are summarized in Fig. 4. In Groups 2 and 4, proliferative
responses were reduced 45% (P<0-05) and 24% (P<0-001),
respectively. In some experiments, McKinght et al. have
observed a 20-30% reduction of T-cell proliferation after
IL-12 administration.!” However, the reason for this phenom-
enon is yet to be defined.

To determine whether the in vivo administration of rIL-12
affects antigen-specific T-cell function and thereby inhibits
antigen-induced eosinophil recruitment, the in vitro production
of IFN-y and IL-5 of spleen cells in IL-12-treated mice was
examined. In Group 2, IL-12 treatment modestly enhanced
IFN-y secretion about fourfold (Fig.5a, P<0-:05 versus
Group 1) and markedly suppressed IL-5 production by 94%
as compared with that of Group 1 control mice (Fig. 5b,
P<0:001). In Group 4, IL-12 treatment significantly elicited
IFN-y secretion about 12-fold (Fig. 5a, P<0-001 versus
Group 3) and inhibited IL-5 production by 85% (Fig. 5b,
P <0-05 versus Group 3).

Effects of IL-12 treatment on allergen-induced airway
inflammation

The results of cellular composition and inflammatory
mediators in BAL fluids were shown in Table 2. Consistent
with our previous findings, the numbers of macrophages,
neutrophils, lymphocytes and eosinophils in the mice of
Groups 1 and 3 were significantly higher than in those of
Groups 2 and 4, indicating Der p I-induced cell recruitment
in these sensitized mice. In Group 4, IL-12 treatment decreased
recruitment of allergen-induced eosinophils by 98% compared
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Figure 2. Serum IgGl, IgE and IgG2a antibody responses to Der p 1.
Groups | and 2 are described in the Materials and Methods. C57BL/6
mice were immunized i.p. three times with 10 pg/mouse Der p 1
adsorbed to alum plus pertussis toxin at biweekly intervals. In Group
2, IL-12 was administered i.p. at 1 pg/day for 5 days (day —1 to +3)
to mice simultaneously with each systemic immunization. After 2
weeks, sensitized mice were aerosolized three times with Dp extract
on days 42, 56 and 70. Blood was collected on the days indicated and
sera levels of anti-Der p I antibodies IgG1 (a), IgE (b) and IgG2a (c)
were assayed by using ELISA. Data are shown as mean+SEM for
eight mice per group. Significant differences (*P <0-05; ***P <0-001)
from the immunized IL-12-untreated Group 1 are indicated.
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Figure 3. Serum IgGl, IgE and IgG2a antibody responses to Der p 1.
Groups 3 and 4 are described in the Materials and Methods. C57BL/6
mice were immunized i.p. four times with 10 pg/mouse Der p 1
adsorbed to alum plus pertussis toxin at biweekly intervals. In Group 4,
IL-12 was administered i.p. at 1 pg/day for 5 days (day —1 to +3)
to mice simultaneously with the third and fourth systemic immuniza-
tions. After 2 weeks, each group of sensitized mice was challenged
with aerosolized Dp allergen. Blood was collected on the days indicated
and sera levels of anti-Der p I antibodies 1gG1 (a), IgE (b) and 1gG2a
(c) were assayed by using ELISA. Data are shown as mean+ SEM
for eight mice per group. Significant differences (*P <0-05;
***P<0-001) from the immunized IL-12-untreated Group 3 are
indicated.

to that of Group 3 (P<0-001). Surprisingly, IL-12 treatment
in Group 2 did not significantly affect the mean percentage of
the eosinophils compared with that of Group 1. Collectively,
it seemed that IL-12 treatment was more effective in inhibiting
eosinophil recruitment in Group 4 than in Group 2. The
percentage of neutrophils was decreased (P<0-05 versus
Group 1) following IL-12 treatment in Group 2, but was
unaffected in Group 4 compared with that of Group 3.
Compared with the control mice, the percentage of macro-
phages in both IL-12-treated groups were significantly
increased (P <0-001), whereas the percentage of lymphocytes
did not change markedly.

Histopathological examination of lung taken from Groups
1 and 3 control mice after inhalation demonstrated that lung
parenchyma was infiltrated with inflammatory cells (Fig. 6a,
c¢). The infiltrates consisted of admixtures of predominantly
eosinophils, neutrophils and lymphocytes. In contrast, the
IL-12-treated animals were not noted to have histologically
significant pulmonary inflammation (Fig. 6b, d).

In Fig. 7, the levels of serotonin were markedly increased
in PBS-treated mice without IL-12 treatment. In Group 2,
IL-12 administration led to a 36% reduction in serotonin levels
compared with Group 1. Further, the levels of serotonin were
strikingly reduced about 78% in Group 4 compared with that
of Group 3.

DISCUSSION

The ability of endogenous IL-12 production to shape
developing Thl cells and their cytokine responses has stimu-
lated much enthusiasm for the potential therapeutic use of
IL-12. In several models of infectious diseases, exogenous
administration of IL-12 exerts striking effects when given at
the time of initial antigen exposure.'>?32° Similarly, prior
studies in the murine model of allergic asthma have shown
promise, with marked suppression of allergic responses after
the in vivo administration of IL-12.'421-27 These studies have
shown that IL-12 administration at the time of initial antigen
sensitization inhibited airway eosinophilia, IL-4 and IL-5
expression, IgE production, and airway hyperresponsiveness
in allergen-sensitized mice. However, the vast majority of
studies have been short-term systems in which responses are
evaluated soon after IL-12 treatment or following a single
antigen, parasite, or viral challenge. In addition, the dramatic
effects of IL-12 in these diseases are contingent on its adminis-
tration in a narrow therapeutic window restricted by the time
at which it must be administered to exert an effect. However,
optimal treatment of allergic diseases requires that the cytokine
profile of allergen-specific cells be redirected, with the conver-
sion of Th2 profiles into Thl cytokine profiles. Thus, this is
thought to be the result of the difficulty of reversing a Th2
immune response once it has been established. In the murine
model of airway inflammation, we have observed the effects
of IL-12 administration to induce immune responses after
multiple allergen challenges and to redirect Th1/Th2 balance
after established Th2-dominated conditions.

To measure the persistence of the Thl response in mice
immunized with IL-12 as adjuvant, the antibody titre and
isotype to Der p 1 have been determined following multiple
inhaled allergen exposure in IL-12-treated mice. Despite the
lower antigen-specific IFN-y response from mice of early IL-12
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Table 1. Total serum IgE and IgG2a levels in Der p I-immunized mice

Total IgE (pg/ml) Total IgG2a (mg/ml)

Groups day 0 day 28 day 56 day 0 day 28 day 56
1 0-1+0-1 43405 47+07 02+0-1  1-1+02 1-5+0-1
2 0-1+0-1 29409  59+12 03+0-1  7-1£21* 141+0-6*
3 0-24+0-1 44406 49+08 0-4+01 26403 2:5+11
4 0-1+0-1 36+04 51102 0-5+0-1 1-8+£02 22+16

Groups of mice were treated with IL-12 or PBS as in Fig. 1. Serum IgE and IgG2a levels
were measured in samples collected on days 0, 28 and 56. Values are means +SEM for eight
mice in each group. *P <0-005 compared to that of PBS-treated control mice.
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treatment (Group 2), IgG2a antibody persisted for as long as
40 days postimmunization with antigen in the absence of
IL-12. The previous data demonstrated the IFN-y level was
much higher in early IL-12 treated mice without further
repeated inhaled allergen challenge (data not shown). These
allergen-specific Th1l or ThO cells might be down-regulated by
repeated challenge of inhaled allergen. However, allergen-
specific IgG2a-secreting memory B cells are less susceptible to
this modulation. In fact, Bliss et al. have examined the effects
of IL-12 on recall responses to keyhole limpet haemocyanin
and showed that antigen-specific IgG2a antibody promoted
by IL-12 can last for 6 months.?® However, in Group 2, the
impact of IL-12 administration on antibody responses, such
as Der p I-specific serum IgGl and IgE production was
transiently suppressed. This finding is consistent with that of
German et al. in that they have demonstrated the suppression
of IgE by IL-12 to be unstable and have even enhanced the
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Figure 5. The effect of IL-12 on IFN-y, IL-5 production by splenocytes
of mice after the last allergen challenge. Splenocytes from IL-12 and
control groups were stimulated with 10 pg/ml Der p 1 in vitro and
culture supernatants were collected after 48 hr, and the levels of
cytokine production IFN-vy (a) and IL-5 (b) were measured by ELISA.
Values shown are mean+SD of eight mice per group. Significant
differences (*P <0-05, ***P<0-001) compared with paired control
mice, respectively.

synthesis of IgE antibodies when sensitized mice subsequently
received repeated antigen challenge.!®

Notably, there is discrepancy between findings regarding
the BAL fluid and those regarding cytokine patterns in Group 2
mice. Because the synthesis of IL-5 in the splenocytes recall
response to Der p 1 allergen is inhibited in the same group,
the pathophysiological significance of increased eosinophils is
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Figure 6. Representative light microscopic findings of PBS-treated mice (a, ¢) and IL-12-treated mice (b, d) (hematoxylin and
eosin stain). Lung tissue of mice without IL-12 treatment (a, x400, and ¢, x200) demonstrates extensive cellular infiltration of
the periairway regions. In contrast, lung tissue of IL-12-treated mice (b, x400, and d, x200) demonstrates complete absence of

histologically significant inflammation.

questionable. It is possible that the lack of an effect of IL-12
on eosinophilia may have been caused by the long interval
between the last dose of IL-12 and BAL in these IL-12-treated
mice. [FN-vy is known to inhibit the eosinophilia and to inhibit
aspects of mast cell functions, including the release of
mediators such as serotonin.?®=3! Further, it has been reported
that the up-regulating effects of IL-12 on IFN-y expression
last for up to 2 days but are lost by 8 days.3? Therefore, such
levels of IFN-y in these mice were not enough completely to
suppress ecosinophil recruitment if the inhibitory effects of
IL-12 on the antigen-induced eosinophilia and serotonin
secretion were mediated by enhanced IFN-y production.
However, Brusselle et al. using IFN-y receptor-deficient mice
have demonstrated that inhibition of the allergen-induced
airway eosinophilia by IL-12 is IFN-y independent during the
secondary allergen exposure.®® Thus, it is possible that IL-12
may either directly inhibit eosinophil influx or stimulate the

production of mediators other than IFN-y that have such
effects.

To examine the effects of IL-12 on allergen-induced changes
when administered after the initial antigen presentation, once
the T-cell development has been committed to a Th2 pheno-
type, mice were sensitized twice to Der p I on day 0 and 14,
but were administered IL-12 only during subsequent antigen
boosts from day 28. This study showed that IL-12 adminis-
tration did not suppress the synthesis of Der p I IgG1 antibody,
but modestly inhibited IgE response and enhanced the pro-
duction of IgG2a after the second round of delayed IL-12
treatment in Group 4. Interestingly, the levels of total IgE and
IgG2a antibodies were not significantly different between
Group 3 and Group 4 during the follow-up. Because more
long-term investigation of this immune response is clearly
needed, it should not be concluded that IL-12 is unable
to reverse the Th2 responses once Th2 effector cells are

Table 2. Change in total cell numbers and cellular composition in BAL of sensitized mice exposed to aerosolized allergen

BAL
Total cells Macrophages Neutrophils Lymphocytes Eosinophils
Groups Treatment i.p. (1 x 10° cells/ml) (%) (%) (%) (%)
1 Der p 1/PBS (early) 10:9+6-2 19-0+4-1 360451 22:0+4-1 23:0+55
2 Der p 1/IL-12 (early) 1-7+1-0 44-8 +8-5%* 20-0+10-17 18:6+61 16:6+10-1
3 Der p 1/PBS (late) 8-3+2:1 28:9+54 322455 17-6+5-0 21-3+11-3
4 Der p 1/IL-12 (late) 1:5+0-5 66-6+10-4%* 20-5+10-4 12-5+4-5 0-4 +0-2%*

BAL was performed 24 hr after Dp inhalation in PBS- and IL-12-treated mice. The differential counts of BAL were determined and data are
mean +SEM for eight mice in each group. TP<0-05; **P <0-001 for difference from the mean value of corresponding response in PBS-treated

control mice.
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Figure 7. The effect of IL-12 on serotonin production in BAL of mice
after the last antigen challenge. C57BL/6 mice were treated as described
in Fig. 1. Mice were challenged with inhaled Dermatophagoides pteron-
yssinus and BAL samples were taken from the mice with allergen
challenged after 24 hr. BAL fluids from each group of mice were
measured by using a specific ELISA. Data represent the mean +SD
of eight samples per group. **P<0-05 compared with Group 1;
**%P<0-001 compared with Group 3.

dominated. However, it was found that administration of
IL-12 resulted in up-regulation of IFN-y production and
down-regulation of IL-5 production in the IL-12-treated mice.
Notably, delayed IL-12 treatment was effective in inhibiting
antigen-induced eosinophilic inflammation after mite inha-
lation. Whether IL-12 is effective in redirecting immune
responses to inhaled antigen when administered after initial
antigen sensitization has been controversial. In contrast to
these data, Sur et al. observed that IL-12 was not effective
when given after the initiation of aerosolized antigen chal-
lenge.3? On the other hand, Kips et al. demonstrated that,
while IL-12 was given until the time of inhaled antigen
challenge, it was effective in inhibiting eosinophil recruitment.?!
However, these studies covered only a few weeks of treatment
(about 18-21 days) or were examined shortly after cytokine
administration. Thus, compared to our results, the discrepanc-
ies in these studies are yet to be conclusive.

In conclusion, studies suggest that IL-12, as an adjuvant,
promotes Thl cells recall responses but did not suppress the
development of Th2 cells after multiple antigen challenges in
the absence of IL-12. Thus, the Thl-recall response may be
suppressed by a Th2 response after repeated antigen challenges,
so that repeated exposure to antigen and IL-12 is necessary to
maintain a stable and dominated Thl response. In addition,
the present study indicates that IL-12 can inhibit IL-5 pro-
duction, increase IFN-y secretion and suppress antigen-
induced airway inflammation in established Th2-type responses
of Der p I-sensitized mice, despite the presence of circulating
IgE. This supports the idea that IL-12 may be more useful as
an immunotherapeutic agent than as a vaccine adjuvant in the
treatment of such as atopic asthma.
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