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Aeroallergens such as Amb a | from short ragweed are important in the development of allergic air-
way disease. We tested the ability of a human monoclonal immunoglobulin-A (IgA) antibody specific
for Amb a | (A-IgA) to modulate airway responsiveness and lung eosinophilia after airway challenge
with nebulized Amb a | or ragweed extract in mice sensitized to Amb a | or ragweed extract, respec-
tively. A-IgA or nonspecific IgA (C-IgA) were given intranasally up to 8 h before each challenge. Aller-
gen challenge resulted in increases in airway responsiveness, in numbers of lung eosinophils, and in
Amb a |-specific IgE levels. These were prevented by pretreatment with A-IgA but not with C-IgA. De-
creases in IFN-y and increases in IL-4 and IL-5 production following challenge with Amb a | were also
reduced by A-IgA treatment. In contrast, increases in total IgE and total IgG and in numbers of lung
neutrophils after challenge were not significantly affected by A-IgA, which additionally induced in-
creased levels of Amb a I-specific IgG2a antibodies. In mice sensitized and challenged with ovalbumin
(OVA), A-1gA did not affect airway responsiveness, lung eosinophilia, cytokine production, or immu-
noglobulin levels. These data indicate that allergen-specific IgA can prevent airway hyperresponsive-
ness and reduce eosinophil influx into the lungs following allergen challenge via the airways in sensi-
tized mice, and these effects are allergen-specific. Neutralization of allergen may contribute to the
effects of IgA, but the induction of allergen-specific IgG2a in A-IgA-treated mice suggests an immu-
nomodulatory action for A-IgA. Schwarze J, Cieslewicz G, Joetham A, Sun LK, Sun WN, Chang
TW, Hamelmann E, Gelfand EW. Antigen-specific immunoglobulin-A prevents increased air-

way responsiveness and lung eosinophilia after airway challenge in sensitized mice.
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On mucosal surfaces, secretory immunoglobulin-A (IgA) is
the most abundant immunoglobulin (1), and it provides the
initial specific immunologic barrier to pathogens such as vi-
ruses or to other antigens (2). Secretory IgA can specifically
bind antigens and pathogens on the mucosal surface and, as a
result, prevent their uptake across the mucosal membrane (3).
Additionally, secretory IgA has been shown to form com-
plexes with antigens in the lamina propria of the mucous
membrane which are subsequently secreted onto the mucosal
surface (4) as well as to interact intracellularly with viral an-
tigens, preventing their replication (5). Resistance to respira-
tory viruses correlates with the presence of IgA antibodies
specific for these pathogens in the respiratory secretions (6, 7),
and IgA antibodies directed against Sendai virus were shown
to neutralize this virus in vitro and to protect against Sendai
virus infection after passive administration of the antibody to
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the respiratory tract in a murine model (8). These data indi-
cate that IgA antibodies themselves can effectively neutralize
viruses on mucosal surfaces, thus preventing infection, and
that this defense mechanism is of importance in naturally oc-
curring host defense. Similarly, monoclonal IgA antibodies di-
rected against cholera toxin have been shown to prevent both
toxin binding to intestinal epithelial cells and the toxin-in-
duced chloride secretory response (9). Considering these find-
ings, it seems logical that IgA antibodies specific for antigens
other than viruses may be used to prevent their uptake across
mucous membranes, preventing access to lymphoid tissue.
Aeroallergens such as pollens, animal dander, and house
dust mite all play an important role in the development and
the triggering of allergic rhinitis and allergic asthma. Hyper-
sensitivity to these allergens develops after inhalation, contact
with respiratory secretions, and presumably uptake by the re-
spiratory mucous membranes. Repeated exposure to allergen
leads to inflammatory changes in the nasal and bronchial mu-
cosa and the surrounding tissues, resulting in allergic rhinitis
and asthma. Consequently, a mainstay of treatment of these
diseases is the avoidance of the relevant allergens, often a dif-
ficult task. Taking this into account, the concept of “molecular
avoidance” by immune exclusion using allergen-specific anti-
bodies has recently been proposed, and a human recombinant
dimeric IgA monoclonal antibody directed against Amb a |
(A-1gA) has been generated (10). Amb a I is the major aller-
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gen in the pollen of short ragweed, a prevalent and important
airborne allergen in North America (11).

In the present study, we determined whether IgA antibodies
specific for this aeroallergen were capable of modifying allergic
airway sensitization and the immunologic and respiratory con-
sequences. To investigate these issues, we administered A-IgA
in the respiratory tract in a murine model of airway sensitiza-
tion which enabled us to assess airway responsiveness to prov-
ocation with methacholine, pulmonary inflammation, local cy-
tokine production, and serum immunoglobulin levels.

METHODS

Animals

Female BALB/c mice, 8 to 12 wk of age, free of specific pathogens,
were obtained from Jackson Laboratories (Bar Harbor, ME). The
mice were maintained on Amb a I-free diets. All experimental ani-
mals used in this study were under a protocol approved by the Institu-
tional Animal Care and Use Committee of the National Jewish Medi-
cal and Research Center.

Experimental Protocols

Mice were sensitized by intraperitoneal injection with 10 g of Amb a |
obtained from Greer Laboratories (Lenoir, NC) emulsified in 2.25 mg
of aluminum hydroxide from Pierce (Rockford, IL) on Days 0 and 10.
They were challenged with nebulized Amb a I solution (500 pwg/ml, 7 ml
in phosphate-buffered saline [PBS]) or with PBS as a control, using an
AeroSonic ultrasonic nebulizer obtained from DeVilbiss (Somerset,
PA) for 20 min daily on Days 24, 25, and 26. In separate sets of exper-
iments, mice were immunized with ragweed extract containing 10 pg
Amb a | or with ovalbumin (both emulsified in alum hydroxide) and
challenged with these antigens respectively in the same manner as de-
scribed previously (12). In the treatment groups, a human recombi-
nant 1IgA1 (alpha 1, kappa) antibody specific for Amb a | from Tanox
Biosystems (Houston, TX) (10) or a nonspecific human secretory IgA
antibody as a control from Sigma (St. Louis, MO) were used. The pu-
rified A-IgA preparation was a mixture of mostly dimeric IgA (ap-
proximately 80% as shown by sodium dodecyl sulfate—polyacrylamide
gel electrophoresis [SDS-PAGE]) and monomeric IgA. Monomers
were linked by murine J chains expressed by the parental myeloma
Sp2/0 cell line, without secretory component. Both antibodies, in a
dose of 75 pg in 50 wl, were administered intranasally under light an-
esthesia 3 or 8 h before each challenge with Amb a I. On Day 28, air-
way responsiveness was assessed and animals were killed the following
day for collection of blood and the removal of peribronchial lymph
nodes (PBLN) and lungs.

Determination of Airway Responsiveness

Airway responsiveness was assessed by a method we have described
recently (12), using a single-chamber whole-body plethysmograph ob-
tained from Buxco (Troy, NY). In this system, an unrestrained, spon-
taneously breathing mouse is placed into the main chamber of the
plethysmograph and pressure differences between this chamber and a
reference chamber are recorded. The resulting box pressure signal is
caused by volume and resultant pressure changes during the respira-
tory cycle of the animal. A low-pass filter in the wall of the main cham-
ber allows thermal compensation. From these box pressure signals the
phases of the respiratory cycle, tidal volumes, and the enhanced pause
(Penh) can be calculated. Penh is a dimensionless value which repre-
sents a function of the proportion of maximal expiratory to maximal
inspiratory box pressure signals and of the timing of expiration. It cor-
relates closely with pulmonary resistance measured by conventional
two-chamber plethysmography in ventilated animals (12). Penh was
used as the measure of airway responsiveness in this study. In the
plethysmograph, mice were exposed for 3 min to nebulized PBS and
subsequently to increasing concentrations of nebulized methacholine
(Sigma) in PBS using the AeroSonic ultrasonic nebulizer. After each
nebulization, recordings were taken for 3 min. The Penh values mea-
sured during each 3-min sequence were averaged and are expressed
for each methacholine concentration as the percentage of baseline
Penh values following PBS exposure.

Lung Cell Isolation

Lung cells were isolated by collagenase digestion as previously de-
scribed (13, 14) and counted with a hemocytometer. Cytospin slides
were stained with Leukostat from Fisher Diagnostics (Pittsburgh, PA),
and differential cell counts were performed in a blinded fashion, count-
ing at least 300 cells under light microscopy.

Cell Preparation

Peribronchial lymph nodes were harvested and mononuclear cells
were purified by passing the tissue through a stainless steel mesh, fol-
lowed by density-gradient centrifugation (Organon Teknika, Durham,
NC). Cells were washed three times with PBS and resuspended in
RPMI 1640 medium from GIBCO (Gaithersburg, MD).

In Vitro Cytokine Production

Mononuclear cells were cultured for 48 h in 96-well round-bottom
plates at a concentration of 4 X 10° cells/well in the presence of the com-
bination of phorbol-12,13-dibutyrate (10 ng/ml) (Sigma) and ionomy-
cin (0.5 wM) from Calbiochem (La Jolla, CA) (P/I). Culture super-
nates were harvested and frozen at —20° C. The concentrations of
interferon gamma (IFN-v), interleukin-4 (IL-4), and IL-5 in the super-
nates were assessed by ELISA as described (15). Briefly, Immulon 2
plates from Dynatech Lab (Chantilly, VA) were coated with anti-
IFN-y-(R4-6A2), anti-1L-4- (11B11), both from Pharmingen (San
Diego, CA), or anti-lIL-5-antibodies (TRFK-5) kindly provided by
Dr. R. Coffman (Palo Alto, CA), and blocked with PBS/10% fetal
calf serum (FCS) overnight. Samples were added, biotinylated anti-
IFN-y- (XMG 1.2), anti-1L-4- (BVD6-24G2), or anti-IL-5-antibodies
(TRFK-4) (all from Pharmingen) were used as detecting antibodies
and the reactions were amplified with avidin-horseradish—-peroxidase
from Sigma. Cytokine levels were calculated by comparison with
known cytokine standards from Pharmingen. The limits of detection
in the assays were 4 pg/ml for each cytokine.

Measurement of Anti-Amb a | or Antiovalbumin
(Anti-OVA) Antibody Levels

Total immunoglobulin (Ig) G and IgE levels and anti-Amb a I-spe-
cific or anti-OV A-specific IgE, 1gG,, and 1gG2a antibody levels in the
serum were measured by ELISA in a modified fashion of the assay
previously described for allergen-specific antibodies (14). Briefly, Im-
mulon 2 plates were coated with 5 pg/ml of Amb a | or 5 pg/ml of
OVA. After addition of serum samples, a biotinylated anti-IgE anti-
body (02122D) obtained from Pharmingen was used as detecting anti-
body and the reaction was amplified with avidin—-horseradish—peroxi-
dase from Sigma. To detect 1gG,; and 1gG2a, alkaline phosphatase
labeled antibodies (02003 E and 02013 E) from Pharmingen were
used. The anti-Amb a | or anti-OVA antibody titers of samples were
related to an internal pooled standard which was arbitrarily assigned
to be 100 ELISA units (EU). Total 1gG and IgE levels were calculated
by comparison with known mouse IgG or IgE standards from Pharm-
ingen. The limits of detection were 100 pg/ml for IgE and 1 ng/ml for
19G.

Statistical Analysis

Single pairs of groups were compared by Student’s t test; comparison
of more than two groups was performed by the Tukey-Kramer honest
significant difference (HSD) test, and Pearson correlations were per-
formed. Probability values of < 0.05 were considered statistically sig-
nificant. Values for all measurements are expressed as mean = SD ex-
cept for values of airway responsiveness (Penh) which are expressed
as mean = SEM.

RESULTS

Pretreatment with A-IgA Antibody Prior to Allergen
Challenge Prevents Airway Hyperresponsiveness

As shown in response to sensitization and challenge with
other allergens, sensitization and challenge with Amb a | re-
sulted in altered airway responsiveness. Airway responsive-
ness to methacholine was significantly increased in mice fol-
lowing sensitization and airway challenge; a 10.5 = 2.9-fold
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increase in Penh values over the response to PBS was detected
following inhalation of 50 mg/ml of methacholine (Figure 1A).
Mice sensitized without challenge or challenged without sensi-
tization showed little increase in Penh. Pretreatment with A-
IgA 3 h before each challenge prevented the increase in airway
responsiveness caused by exposure to Amb a | in sensitized
mice. In contrast, pretreatment with C-IgA did not signifi-
cantly alter the response to methacholine (Figure 1A). A-IgA
was still effective in preventing airway hyperresponsiveness if
the interval between pretreatment and challenge was in-
creased to 8 h (Figure 1B). If whole ragweed extract was used
instead of Amb a I, A-IgA also prevented the increase in air-
way responsiveness after sensitization and challenge (Figure
1C). In mice sensitized and challenged with OVA, an unre-
lated allergen, A-1gA treatment did not have any effect on the
development of airway hyperresponsiveness (Figure 1D).
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A-lIgA Treatment before Airway Challenge Reduces
Eosinophil Influx into the Lung

Allergen challenge via the airways with Amb a I in Amb a I-
sensitized mice resulted in a 3-fold increase in the number of
lung eosinophils compared with mice sensitized alone and re-
ceiving PBS challenge (Figure 2). Pretreatment with A-1gA
prior to each airway challenge significantly reduced the num-
ber of lung eosinophils. In mice pretreated with C-IgA, no
such effect was observed (Figure 2). The reduction in numbers
of eosinophils correlated with the reduction in airway respon-
siveness following A-IgA pretreatment (r = 0.64, p < 0.001).
The numbers of neutrophils in the lungs also increased signifi-
cantly after allergen challenge, but these numbers were not af-
fected by pretreatment with A-1gA. The numbers of total lung
cells, mononuclear cells, and macrophages in the lungs did not
differ significantly between the groups. A-IgA pretreatment
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Figure 1. A-IgA prevents increases in airway responsiveness after airway challenge with Amb a | or ragweed extract in mice sensitized to
Amb a | or ragweed extract. Mice were sensitized to Amb a | (panel A: A-IP, n = 12) or whole ragweed extract (panel C: R-IP, n = 8) by two
intraperitoneal injections and subsequently challenged with nebulized Amb a | (A-IPN, n = 12) or ragweed extract (R-IPN, n = 8) via the
airways. Three hours before each challenge, A-IgA (A-IgA/A-IPN, panel A: n = 12; A-IgA/R-IPN, panel C: n = 8) or C-IgA (C-IgA/A-IPN, panel
A:n = 12; C-IgA/R-IPN, [panel C]: n = 8) were administered intranasally under light anesthesia. In some mice sensitized to Amb a | (panel
B: A-IgA8/A-IPN and C-IgA8/A-IPN, both n = 8), the interval between IgA treatment and challenge was increased to 8 h. Additionally,
mice challenged via the airways alone (O-Neb, n = 8) or sensitized and challenged (O-IPN, n = 8) with OVA were treated with A-IgA (A-
IgA/O-IPN, n = 8) or C-IgA (C-IgA/O-IPN, n = 8) in the same manner (panel D). Forty-eight hours after the last challenge, airway respon-
siveness to increasing concentrations of methacholine (3-50 mg/ml) was assessed by barometric whole-body plethysmography, and Penh
values were calculated. Means = SEM of Penh values from three independent experiments are expressed as the percentage of baseline
Penh values observed after PBS exposure. *Significant differences, p < 0.05, between IPN and A-IgA/A-IPN.
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Figure 2. A-IgA reduces the increase in lung eosinophils after air-
way challenge with Amb a | in Amb a I-sensitized mice. Lung cells
were isolated from the same mice described in Figure 1, and were
either sensitized intraperitoneally to Amb a | alone (IP, n = 9), sen-
sitized and challenged via the airways (IPN, n = 9), or sensitized
and treated intranasally with A-IgA (A-IgA/IPN, n = 12) or C-IgA
(C-IgA/IPN, n = 12) before the challenges. Numbers of eosino-
phils and neutrophils were determined. lllustrated are means + SD
of the numbers of these cells from three independent experi-
ments. *Significant differences, p < 0.05.

8 h before challenge and A-IgA treatment in mice sensitized
and challenged with ragweed extract also resulted in signifi-
cant decreases in lung eosinophil numbers. The increase in
eosinophil influx into the lung following sensitization and
challenge with OVA was not affected by A-IgA pretreatment
(Table 1).

A-1gA Prevents Increases in Amb a I-specific IgE and
Results in Increased Amba I-specific IgG2a Levels

Intraperitoneal sensitization with Amb a | and alum triggered
the production of IgE antibodies specific for Amb a | (Tables
2 and 3). Subsequent challenge with Amb a | via the airways
resulted in further increases in the serum levels of IgE anti-
bodies specific for the allergen and the levels of total IgE and
total 1gG. Treatment with A-IgA but not with C-IgA before
the airway challenge prevented these secondary increases in
allergen-specific IgE; the increases in total IgE and total 1gG
concentrations were reduced, but the differences did not reach
significance. Serum levels of 1gG; specific for Amb a | were
elevated following sensitization, but did not increase further
with allergen challenge and were not significantly altered by

TABLE 1

A-IgA REDUCES EOSINOPHIL INFLUX IN THE LUNGS IN
AN ALLERGEN-SPECIFIC MANNER AND IS EFFECTIVE
AS LONG AS 8 h BEFORE CHALLENGE*

Eosinophils (X 10°) per Lung

Allergen P IPN A-IgA/IPN C-IgA/IPN
Amb al

(A-lgA/8 h) 0.45+0.11 1.75+0.42" 0.42+0.25" 201=+0.87
Ragweed extract 0.41 =0.32 1.95 + 0.58" 0.61 + 0.32* 3.01 = 1.73
OVA 0.73+0.35 4.04 +220" 357+1.32 3.67*161

* Lung cells were isolated from mice either sensitized intraperitoneally alone (IP, n =
8 per group), or sensitized and challenged via the airways (IPN, n = 8 per group), or
sensitized and treated intranasally with A-IgA (A-IgA/IPN, n = 8 per group) or C-IgA
(C-IgA/IPN, n = 8 per group) before the challenges. Either Amb a |, ragweed extract, or
OVA were used for sensitization and challenge. In Amb a I-sensitized mice, A-IgA or C-
IgA was administered 8 h prior to challenge. Numbers of eosinophils were determined.
Expressed are means = SD of the numbers of these cells from two independent experi-
ments.

" Significant differences between IP and IPN, p < 0.05.

* Significant differences between A-IgA/IPN and IPN, p < 0.05.

IgA treatment (data not shown). Concentrations of Amb a I-
specific IlgG2a were not detectable after sensitization and chal-
lenge. However, they were significantly increased after treat-
ment with A-IgA, but not with C-IgA. The concentrations of
antigen-specific 1gG2a were negatively correlated with levels
of Amb a I-specific IgE (r = —0.59, p < 0.01). In mice sensi-
tized and challenged with OVA, treatment with A-lIgA did
not have a significant effect on allergen-specific or total immu-
noglobulin levels.

Pretreatment with A-IgA Prevents Increases in
Th2-type Cytokine Production

Cytokine production was assessed in cultures of PBLN cells
stimulated with either the combination of P/l or with Amb a |
for 48 h. After airway challenge with Amb a I in sensitized
mice, a shift to the production of T-helper cell type 2 (Th2) cy-
tokines was observed (Table 4); the concentrations of IFN-y
in the supernates of P/I-stimulated cultures were significantly
reduced and the levels of IL-4 and IL-5 in supernates of aller-
gen-stimulated cultures were significantly increased when com-
pared with cultures of PBLN cells obtained from mice that
were sensitized alone. These changes in cytokine production
were largely prevented by pretreatment with A-IgA but not
with C-1gA. IFN-y concentrations were restored to the same
range as in mice that had been sensitized alone without airway
challenge, whereas the levels of IL-4 and IL-5 in the culture
supernates were significantly decreased by A-IgA treatment

TABLE 2

A-lgA PREVENTS THE INCREASE IN Amb a I-SPECIFIC IgE AND RESULTS
IN AN INCREASE OF Amb a I-SPECIFIC IgG2a*

Total IgE Total IgG Amb a I-specific IgE Amb a |-specific IgG2a
Group (ng/ml) (ng/ml) (EU/mI) (EU/ml)
NS 13.9+ 27 167.2 + 15.9 0.0 = 0.0 0.0 = 0.0
A-IP 359 + 8.5' 223.1 + 30.9" 44.1 + 16.0 0.0 + 0.0
A-IPN 445 + 58" 277.3 = 38.4" 73.7 = 28.3" 0.0 = 0.0
A-IgA/A-IPN 38.5 = 6.6 255.6 = 30.4 46.6 + 10.9 50.8 + 40.5¢
C-IgA/A-IPN 449 + 4.1 279.7 = 40.7 69.1 = 18.4 4.4 + 758

* Serum was collected 72 h after the last challenge from nonsensitized mice (NS, n = 8) or mice either sensitized intraperitoneally toAmb a |
alone (A-IP, n = 9), or sensitized and challenged via the airways (A-IPN, n = 9), or sensitized and treated intranasally with A-IgA (A-lga/A-
IPN, n = 12) or with C-IgA (C-IgA/A-PIN, n = 12) before the challenges. Concentrations of total IgE, total IgC, and Amb a I-specific IgE and
1gG2a were assessed by ELISA. Expressed are the means = SD of immunoglobulin concentrations from three independent experiments.

T Significant differences between NS and A-IP and A-IPN.
* Significant differences between A-IgA/A-IPN and A-IPN.

§ Significant differences between C-IgA/A-IPN and A-IgA/A-IPN, p < 0.05.
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TABLE 3

A-IgA DOES NOT CHANGE LEVELS OF OVA-SPECIFIC IMMUNOGLOBULINS
IN MICE SENSITIZED TO OVA, AN UNRELATED ALLERGEN*

Total IgE Total IgG OVA-specific IgE OVA-specific IgG2a
Group (ng/ml) (ng/ml) (EU/ml) (EU/mI)
O-Neb 5812 183.4 = 23.6 0.0 £ 0.0 0.0 £ 0.0
O-IPN 55.7 = 21.6 291.3 + 50.4" 27.6 = 10.7" 13.8 = 11.4
A-IgA/O-IPN 39.4 + 14.7 275.1 = 42.1 23.6 £ 179 10.3 = 5.2
C-lgA/O-IPN 521 +7.4 269.7 = 37.8 203+ 114 19.3*+7.9

* Serum was collected 72 h after the last challenge from mice either challenged with OVA via the airways alone (O-Neb, n = 8), or sensi-
tized intraperitoneally to OVA and challenged (O-IPN, n = 8), or sensitized and treated intranasally with A-IgA (A-IgA/O-IPN, n = 8) or with
C-IgA (C-IgA/O-IPN, n = 8) before the challenges. Concentrations of total IgE, total IgG, and Amb a I-specific IgE and 1gG2a were assessed
by ELISA. Expressed are the means + SD of immunoglobulin concentrations from two independent experiments.

T Significant differences between O-Neb and O-IPN, p < 0.05.

compared with treatment with C-IgA or compared with sensi-
tization and challenge without IgA pretreatment. After sensi-
tization and challenge with OVA, A-IgA treatment failed to
alter the production of cytokines.

DISCUSSION

In the present study we monitored airway responsiveness fol-
lowing airway challenge with Amb a I in mice systemically sen-
sitized to this allergen. This approach was used to assess the
influence of A-IgA on the consequences of airway challenge
with Amb a | or whole ragweed extract by aerosol inhalation.
Mice systemically sensitized to Amb a | or ragweed extract were
treated intranasally with A-l1gA or with C-lIgA 3 or 8 h prior
to each of three airway challenges with Amb a I. Additionally,
to assess the specificity of this treatment, mice sensitized to
ovalbumin, an unrelated allergen, were treated in the same
way with A-1gA before challenge with the respective allergen.
Airway responsiveness to aerosolized methacholine was as-
sessed using barometric whole-body plethysmography in unre-
strained animals. Further, pulmonary inflammatory changes,
cytokine production in the local draining lymph nodes of the
lung, the PBLN, and serum levels of allergen-specific immu-
noglobulins were monitored and related to airway responsive-
ness.

Airway challenge with Amb a I in mice systemically sensi-
tized to Amb a | resulted in increased airway responsiveness
to methacholine and in the influx of eosinophils into the lung.
These changes were associated with increased concentrations
of IL-4 and IL-5 and decreased levels of IFN-y production in
cultures of PBLN cells. Further, concentrations of Amb a I-
specific IgE antibodies in the serum exceeding those found in
animals sensitized alone were also detected. These responses
to airway challenge of sensitized animals parallel those re-
ported in other models of systemic sensitization and subse-
guent airway challenge using a different allergen such as oval-
bumin (12, 16). In addition, challenge of sensitized mice
resulted in increases in levels of total IgE and total 1gG and in
the accumulation of neutrophils in the lungs.

Intranasal administration of A-IgA either 3 or 8 h before
each of the airway challenges completely prevented the devel-
opment of airway hyperresponsiveness to methacholine in this
model and significantly reduced the number of eosinophils
detected in the lungs. The same results were observed after
A-IgA treatment in mice sensitized and challenged with rag-
weed extract. In contrast, A-IgA treatment of mice sensitized
and challenged with OVA had no effect on airway responsive-
ness and eosinophil influx into the lungs. Additionally, the in-
creases in IL-4 and IL-5 and the decreases in IFN-y produc-
tion observed in cultured PBLN cells following sensitization

and challenge with Amb a | were prevented by A-IgA treat-
ment. IFN-y levels were restored to the same concentrations
as in nonchallenged mice and IL-4 and IL-5 levels were ele-
vated to a lesser degree. In mice sensitized and challenged
with OVA, A-IgA treatment did not result in changes in cy-
tokine production. After A-IgA pretreatment and airway
challenge, no secondary increases in Amb a I-specific IgE se-
rum levels as a result of challenge were observed. In contrast
to A-IgA, pretreatment with C-IgA did not result in any sig-
nificant changes in the parameters monitored. Surprisingly,
the changes observed after sensitization and challenge in total
IgE and total IgG levels and in neutrophil numbers in the
lungs were not prevented by A-IgA treatment. In addition, in
mice pretreated with the specific IgA antibody, serum levels
of allergen-specific 1gG2a were significantly increased. This
was not observed after treatment with A-IgA in mice sensi-
tized to OVA, an unrelated antigen.

These findings clearly show that pretreatment with aller-
gen-specific IgA antibodies can modify the respiratory and
immunologic responses to allergen challenge in sensitized ani-
mals in an allergen-specific manner. It is perhaps not surpris-
ing that the IgA antibodies to the recombinant antigen Amb a |
were also effective when whole ragweed extract was used as
the sensitizing and challenge antigen. It is well recognized that
the recombinant protein is the major allergic constituent of
whole ragweed (11). Indeed, the influx of eosinophils and the

TABLE 4

A-IgA PREVENTS THE SHIFT TO PREDOMINANT PRODUCTION
OF Th2 CYTOKINES IN PBLN CELLS*

Group IFN-y IL-4 IL-5

A-IP 8,241.0 + 553.6 0.0 = 0.0 136.8 + 144.3
A-IPN 4,643.3 * 366.0" 64.0 = 8.3" 726.8 + 122.5"
A-IgA/A-IPN 8,203.4 + 794.5¢ 23.1 + 39.9* 435.1 + 180.5*
C-IgA/A-IPN 6,859.1 + 2,681.6 85.0 + 22.3% 788.2 + 116.0°
O-IPN 5,767.2 + 574 .5 58.2 + 10.7 1,269.2 + 236.4
A-IgA/O-IPN 5,522.2 + 692.3 55.0 = 13.4 1,483.9 + 352.2
C-IgA/O-IPN 4,309.7 = 521.0 61.8 = 24.6 1,137.9 + 170.3

* PBLN were harvested 72 h after the last challenge from mice either sensitized intra-
peritoneally to Amb a | alone (A-IP, n = 9), or sensitized and challenged via the airways
(A-IPN, n = 9), or sensitized and treated intranasally with A-IgA (A-IgA/A-IPN, n = 12)
or with C-IgA (C-IgA/A-IPN, n = 12) before the challenges. Additionally, PBLN were
harvested from mice sensitized and challenged with OVA (O-IPN, n = 8) or sensitized
and treated intranasally with A-IgA (A-IgA/O-IPN, n = 8) or with C-IgA (C-IgA/O-IPN,
n = 8) before challenge. Mononuclear cells were isolated and cultured in the presence
of Amb a | or P/I for 48 h. Concentrations of IFN-y, IL-4, and IL-5 were assessed in cul-
ture supernatants by ELISA. Expressed are the means = SD of cytokine concentrations
(pg/ml) from three independent experiments (two for ovalbumin sensitization).

" Significant differences between A-IP and A-IPN.

* Significant differences between A-IgA/A-IPN and A-IPN.

§ Significant differences between C-IgA/A-IPN and A-IgA/A-IPN, p < 0.05.



524 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 158 1998

development of airway hyperresponsiveness were inhibited
comparably when sensitization and challenge were carried out
with either Amb a | or whole ragweed extract.

A simple explanation for the action of A-IgA in these stud-
ies is the binding to the allergen on the mucosal surface or in
the mucosa, thereby preventing access of the inhaled allergen
to the mucosal immune system as has been reported in other
studies that have investigated the mechanism of action of
secretory IgA (3, 9, 17, 18). However, several of our findings
are not explained by this “passive” mode of action of A-IgA
(i.e., simple neutralization of the effects of the allergen). In
contrast, the findings following A-IgA treatment are also
consistent with an “active” element of immune regulation.
The effects of A-IgA treatment were evident even if allergen
challenge was carried out 8 h later, when persistence of anti-
bodies would be unlikely. Further, if the effects of A-IgA
treatment were simply due to the binding of allergen and the
prevention of access to the immune system, it would be ex-
pected that all of the consequences of the airway challenge in
sensitized animals would be prevented or at least markedly re-
duced by pretreatment with allergen-specific IgA. The in-
creases in total IgE and total 1gG concentrations and in the
numbers of lung neutrophils following challenge, however,
were not significantly affected by A-IgA. At a minimum, these
observations indicate that complete allergen neutralization
was not achieved and that at least some of the effects of aller-
gen challenge were not prevented. Additionally, the increase
in allergen-specific 1gG2a concentrations following A-IgA
treatment cannot be explained by allergen neutralization, be-
cause Amb a I-specific 1IgG2a was not detected following sen-
sitization alone but was only observed after challenge of sensi-
tized animals pretreated with A-1gA.

Production of IgG2a antibodies in mice is generally ob-
served during immune responses associated with induction of
Th1l-type cytokines, particularly IFN-vy (19). The detection of
allergen-specific 1gG2a antibodies in A-IgA-treated mice sup-
ports the notion that administration of A-IgA together with
allergen “actively” modified the immune response to allergen
challenge, possibly by inducing an antigen-specific Thl cyto-
kine response. Such a response could also explain the dimin-
ished influx of eosinophils into the lung and the normalization
of airway responsiveness (20, 21). Interestingly, oral vaccina-
tion against influenza antigens in mice has been reported to
induce a strong antigen-specific IgA response combined with
an increased frequency of IFN-y-producing cells in tissues ex-
posed to the antigen (22). The cellular mechanisms by which
allergen-specific IgA antibodies might have modified the im-
mune response in our model remain to be defined. Nonspe-
cific (23) and antigen-specific (24) activation of murine T cells
can result in the increased expression of Fca receptors on their
surface. Upregulation of these receptors can also be achieved
with IgA antibodies (25, 26) and has proven to be especially
strong if murine cells are exposed to human monoclonal IgA
antibodies or to antigen-IgA immune complexes (27). Both
enhancing (28) and suppressing (29) regulatory effects of T-cell
Fca receptor upregulation have been reported. Further, large
numbers of CD8" T cells expressing Fca receptor were found
in mice with IgA-secreting plasmocytomas (30), and CD8*
T cells expressing Fca receptors can suppress proliferation and
IgA production of plasmocytoma cells (31). Considering that
cytokines produced by Th2 cells have been implicated in the
upregulation of IgA production (32-34), it seems possible that
Th1 cytokines are produced by CD8" T cells expressing Fca
receptors which are able to downregulate IgA production.
Whether binding of excessive amounts of IgA complexed to
antigen can induce cytokine responses that have the potential

to counteract allergic sensitization, as appears to have been
the case in this study, has not been previously reported.

In summary, we present a murine model of airway sensiti-
zation to allergen in which pretreatment with allergen-specific
IgA prior to inhalation of an airborne allergen can prevent the
development of airway hyperresponsiveness, pulmonary eo-
sinophilic inflammation, increased production of allergen-spe-
cific IgE, and the increase in local Th2 cytokine production,
while at the same time inducing the production of allergen-
specific IgG2a antibodies. These findings demonstrate that al-
lergen-specific IgA can modify the respiratory and immuno-
logical consequences of airway challenge in sensitized mice.
This approach using allergen-specific IgA could prove useful
in modifying human allergic airway diseases in which airborne
allergens play an important role in triggering exacerbations.

References

1. Conley, M. E., and D. L. Delacroix. 1987. Intravascular and mucosal im-
munoglobulin A: two separate but related systems of immune de-
fense. Ann. Intern Med. 106:892-899.

2. Mestecky, J., and J. R. McGhee. 1987. Immunoglobulin A (IgA): molec-
ular and cellular interactions involved in IgA biosynthesis and im-
mune response. Adv. Immunol. 40:153.

3. Childers, N. K., M. G. Bruce, and J. R. McGhee. 1989. Molecular mecha-
nisms of immunoglobulin A defense. Annu. Rev. Microbiol. 43:503-536.

4. Kaetzel, C.S., J. K. Robinson, K. R. Chintalacharuvu, J.-P. Vaerman, and
M. E. Lamm. 1991. The polymeric immunoglobulin receptor (secre-
tory component) mediates transport of immune complexes across epi-
thelial cells: a local defense function of IgA. Proc. Natl. Acad. Sci.
U.S.A. 88:8796-8800.

5. Mazanec, M. B., C. L. Coudret, and D. R. Fletcher. 1995. Intracellular
neutralization of influenza virus by immunoglobulin A anti-hemagglu-
tinin monoclonal antibodies. J. Virol. 69:1339-1343.

6. Mills, J. V., J. E. Van Kirk, P. F. Wright, and R. M. Chanock. 1971. Ex-
perimental respiratory syncytial virus infection of adults. J. Immunol.
107:123-130.

7. Liew, F. Y., S. M. Russell, G. Appleyard, C. M. Brand, and J. Beale.
1984. Cross-protection of mice infected with influenza A virus by the
respiratory route is correlated with local 1gA antibody rather than se-
rum antibody or cytotoxic T cell reactivity. Eur. J. Immunol. 14:350-356.

8. Mazanec, M. B., J. G. Nedrud, and M. E. Lamm. 1987. Immunoglobulin
A monoclonal antibodies protect against Sendai virus. J. Virol. 61:
2624-2626.

9. Apter, F. N, W. I. Lencer, R. A. Finkelstein, J. J. Mekalanos, and M. R.
Neutra. 1993. Monoclonal immunoglobulin A antibodies directed
against cholera toxin prevent the toxin-induced chloride secretory re-
sponse and block toxin binding to intestinal epithelial cells in vitro. In-
fect. Immun. 61:5271-5278.

10. Sun, L. K, M. S. C. Fung, W. N. C. Sun, C. R. Y. Sun, W.-I. Chang, and
T. W. Chang. 1995. Human IgA monoclonal antibodies specific for a
major ragweed pollen antigen. Biotechnology 13:779-786.

11. King, T. P., P. S. Norman, and J. T. Connell. 1964. Isolation and charac-
terization of allergens from ragweed pollen. Biochemistry 3:458-468.

12. Hamelmann, E., J. Schwarze, K. Takeda, A. Oshiba, G. L. Larsen, C. G.
Irvin, and E. W. Gelfand. 1997. Noninvasive measurement of airway
responsiveness in allergic mice using barometric plethysmography.
Am. J. Respir. Crit. Care Med. 156:766-775.

13. Lavnikova, N., S. Prokhorova, L. Heylar, and D. L. Laskin. 1993. Isola-
tion and partial characterization of subpopulations of alveolar mac-
rophages, granulocytes and highly enriched interstitial macrophages
from rat lung. Am. J. Respir. Cell Mol. Biol. 8:384-392.

14. Oshiba, A., E. Hamelmann, K. Takeda, K. Bradley, J. E. Loader, G. L.
Larsen, and E. W. Gelfand. 1996. Passive transfer of immediate hy-
persensitivity and airway hyperresponsiveness by allergen-specific im-
munoglobulin (Ig) E and 1gG1 in mice. J. Clin. Invest. 97:1398-1408.

15. Schumacher, J. H., A. O’Garra, B. Shrader, A. van Kimmenade, M. W.
Bond, T. R. Mosmann, and R. L. Coffman. 1988. The characterization
of four monoclonal antibodies specific for mouse IL-5 and develop-
ment of mouse and human IL-5 enzyme-linked immunosorbent assay.
J. Immunol. 141:1576-1581.

16. Foster, P.S., S. P. Hogan, A. J. Ramsay, K. I. Matthaei, and I. G. Young.
1996. Interleukin 5 deficiency abolishes eosinophilia, airway hyperre-
activity, and lung damage in a mouse model. J. Exp. Med. 183:195-201.



Schwarze, Cieslewicz, Joetham, et al.: Murine Model of Airway Sensitization to Allergen

17.

18.

19.

20.

21

22.

23.

24.

25.

Williams, R. C., and R. J. Gibbons. 1972. Inhibition of bacterial adher-
ence by secretory immunoglobulin A: a mechanism of antigen dis-
posal. Science 177:697-699.

Majumdar, A. S., and A. C. Ghose. 1981. Evaluation of the biological
properties of different classes of human antibodies in relation to chol-
era. Infect. Immun. 32:9-14.

Finkelman, F. D., and J. Holmes. 1990. Lymphokine control of in vivo
immunoglobulin isotype selection. Annu. Rev. Immunol. 8:303-333.
Lack, G., H. Renz, J. Saloga, K. L. Bradley, J. Loader, D. Y. M. Leung,
G. Larsen, and E. W. Gelfand. 1994. Nebulized but not parenteral
IFN-vy decreases IgE production and normalizes airways function in a

murine model of allergen sensitization. J. Immunol. 152:2546-2554.

Gavett, S. H., D. J. O’'Hearn, X. Li, S.-K. Huang, F. D. Finkelmann, and
M. Wills-Karp. 1995. Interleukin 12 inhibits antigen-induced airway
hyperresponsiveness, inflammation and Th2 cytokine expression in
mice. J. Exp. Med. 182:1527-1536.

Novak, M., M. Yamamoto, K. Fujihashi, Z. Z. Moldoveanu, H. H. Kiy-
ono, J. R. McGhee, and J. Mestecky. 1995. Ig-secreting and inter-
feron-y producing cells in mice mucosally immunized with influenza
virus. Adv. Exp. Med. Biol. 371B:1587-1590.

Adachi, M., J. Yodoi, N. Noro, T. Masuda, and H. Uchino. 1984. Murine
IgA binding factors produced by FcaR(+) T cells: role of FcyR(+)
cells for the induction of FcaR and formation of IgA-binding factor in
con A-activated cells. J. Immunol. 133:65-71.

Sandor, M., A. Ibraghimov, M. G. Rosenberg, P. Teeraratkul, and R. G.
Lynch. 1992. Expression of IgA and IgM Fc receptors on murine T
lymphocytes. Immunol. Res. 11:169-180.

Yodoi, J., M. Adachi, and T. Masuda. 1982. Induction of FcRa on mu-
rine lymphocytes by IgA in vitro. J. Immunol. 128:888-894.

26.

217.

28.

29.

30.

3L

32.

33.

34.

525

Hoover, R. G., and R. G. Lynch. 1980. Lymphocyte surface membrane
immunoglobulin in myeloma. J. Immunol. 125:1280-1288.

Chevailler, A., R. C. Monteiro, M. Daeron, and P. Lesavre. 1987. Induc-
tion of Fc receptors for IgA on murine T cell hybridoma by human
monoclonal IgA and by high molecular weight IgA in IgA nephropa-
thy. Clin. Exp. Immunol. 67:114-123.

Kiyono, H., J. O. Phillips, D. E. Colwell, S. M. Michalek, W. J. Koop-
man, and J. R. McGhee. 1984. Isotype-specificity of helper T cell
clones: Fca receptors regulate T and B cell collaboration for IgA re-
sponses. J. Immunol. 133:1087-1089.

Hoover, R. G., and R. G. Lynch. 1983. Isotype-specific suppression of
IgA: suppression of 1gA responses in BALB/c mice by Ta cells. J. Im-
munol. 130:521-523.

Hoover, R. G., H. M. Gebel, B. K. Dieckgraefe, S. Hickman, N. F.
Rebbe, H. Hirayama, Z. Ovary, and R. G. Lynch. 1981. Occurrence
and potential significance of increased numbers of T cells with Fc re-
ceptors in myeloma. Immunol. Rev. 56:115-139.

Miller, S., and R. G. Hoover. 1985. T cells with Fc receptors in my-
eloma: suppression of growth and secretion of MOPC-315 by Ta cells.
J. Immunol. 134:644-645.

Coffman, R. L., B. Shrader, J. Carty, T. R. Mosmann, and M. W. Bond.
1987. A mouse T cell product that preferentially enhances IgA pro-
duction. J. Immunol. 139:3685-3690.

Beagley, K. W., J. H. Eldrigde, F. Lee, H. Kiyono, M. P. Everson, W. J.
Koopman, T. Hirano, T. Kishimoto, and J. R. McGhee. 1989. Inter-
leukins and IgA synthesis. J. Exp. Med. 169:2133-2148.

Harriman, G. R., D. Y. Kunimoto, J. F. Elliot, V. Paetkau, and W.
Strober. 1988. The role of IL-5 in IgA B cell differentiation. J. Immu-
nol. 140:3033-3039.



