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tized mice developed airway infl ammation and AHR in re-
sponse to OVA challenge. Intranasally administered OVA-
specifi c murine polyclonal or monoclonal IgG2b antibodies 
both reduced OVA-induced lung infl ammation. Polyclonal, 
but not anti-OVA mAb, also reduced AHR and eosinophil in-
fl ux into the airway lumen. Both anti-OVA antibody prepara-
tions reduced levels of specifi c IgE with no eff ect on total IgE 
levels.  Conclusions:  Intranasal treatment with allergen-spe-
cifi c pAb reduces pulmonary infl ammation and AHR in a 
mouse model of allergic asthma, but allergen-specifi c mAb 
reduces infl ammation only. Allergen-specifi c recombinant 
pAb off ers a potentially valuable therapeutic approach to 
the management of allergic asthma. 

 Copyright © 2006 S. Karger AG, Basel 

 Introduction 

 Th e treatment of allergic asthma aims to reduce airway 
infl ammation and airway hyperresponsiveness (AHR), 
and is largely based on bronchodilator therapy and/or 
corticosteroid agents that have a nonspecifi c anti-infl am-
matory eff ect. Specifi c allergy vaccination off ers the po-
tential to modify the underlying disease pathology, and 
was fi rst reported almost a century ago  [1] . However, ear-
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  Abstract 
  Background:  Recombinant allergen-specifi c immunoglobu-
lin G (IgG) antibody therapy can reduce allergic asthma 
symptoms by inhibiting the immunoglobulin E (IgE)-medi-
ated allergic response. This study investigated the eff ect of 
intranasally administered allergen-specifi c monoclonal 
(mAb) and polyclonal (pAb) antibody on airway infl amma-
tion and hyperresponsiveness (AHR) in a mouse model of 
human asthma.  Methods:  Ovalbumin (OVA)-specifi c IgG2b 
antibodies were generated by phage display using spleens 
from OVA-immunized mice, and screening against OVA and 
fi nally expressed in CHO cells. Sensitized mice were treated 
intranasally with either a recombinant anti-OVA mAb (gc32) 
or a polyclonal preparation comprising seven selected anti-
bodies (including gc32). Control mice received diluent only, 
OVA only, a control polymeric IgG or dexamethasone. Fol-
lowing challenge with nebulized OVA, investigators assessed  
 airway infl ammation by histology and cellular composition 
of the bronchoalveolar fl uid, and methacholine-induced air-
way hyperresponsiveness (AHR). Serum levels of total and 
OVA-specifi c IgE were measured by ELISA.  Results:  Sensi-
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ly techniques were relatively unsophisticated and involved 
injecting allergic rhinitis suff erers with subcutaneous pol-
len extracts  [1] . Th e mechanism for allergy vaccination 
remained unclear until Cooke et al.  [2]  published their 
classical work demonstrating inhibitory antibody pro-
duction in response to allergen-specifi c inoculation. Fur-
ther studies by Loveless  [3, 4]  showed that the mechanism 
for allergen-specifi c vaccination involved competitive in-
hibition. 

 Loveless also distinguished between sensitizing and 
blocking antibodies  [3] . Subsequent studies by Lichten-
stein et al.  [5, 6]  and Djurup et al.  [7]  have identifi ed these 
blocking antibodies as immunoglobulin G (IgG), and es-
tablished that such blocking antibodies correlate with re-
duced specifi c immunoglobulin E (IgE) levels following 
immunotherapy. 

 IgE antibody binding to allergen on the surface of mast 
cells and eosinophils is a crucial step in type I hypersen-
sitivity reactions, which are important in the pathology of 
allergic disease but have little or no defensive role against 
infection  [8] . It appears that IgE may also act directly on 
bronchial epithelial cells of people with allergic asthma 
 [9] . Passive antibody therapy, i.e. administration of exog-
enous antibodies, is well-established in a range of condi-
tions such as cancer, viral infection, and neutralization of 
bacterial toxins  [10] . Hence, the potential benefi ts of tar-
geted passive antibody therapy for allergic asthma have 
prompted research with promising results using mono-
clonal antibodies (mAbs) against allergen-specifi c IgE. 

 However, mAbs are inherently monospecifi c, and this 
may limit their capacity to neutralize complex antigens 
consisting of multiple epitopes. Studies have demonstrat-
ed that oligoclonal antibody therapy (combinations of a 
small number of closely related antibodies that bind dif-
ferent epitopes) off ers synergistic effi  cacy in neutralizing 
cytokines  [11]  and bacterial toxins  [12]  compared with 
single mAb. Th ere have also been reports of synergistic 
eff ects of polyclonal antibodies (pAb) in neutralizing vi-
ruses  [13, 14] . In one study, the authors identifi ed four 
viral epitopes each of which bound a diff erent mAb  [15] . 

 Although many studies have administered antibodies 
and/or allergen by subcutaneous or intraperitoneal (i.p.) 
injection, prophylactic intranasal (i.n.) administration of 
specifi c pAb has shown effi  cacy in the prevention of respi-
ratory virus infections  [16] . 

 Mice rendered allergic to ovalbumin (OVA) represent a 
suitable animal model for human allergen vaccination be-
cause they have a comparable response to specifi c immune 
therapy  [17] . Here we used mice that were allergic to OVA 
to investigate the feasibility of reducing airway infl amma-

tion and AHR by reducing the allergic response using i.n. 
administered allergen-specifi c recombinant pAb. 

 Materials and Methods 

 Animals 
 Female BALB/cJ mice aged 6–8 weeks were obtained from 

M&B (Ry, Denmark) and housed in Scantainer cages (Scanbur, 
Karlslunde, Denmark). All animal work was approved by the Dan-
ish Research Animals Committee. Mice were kept on an OVA-free 
diet, and given food and water ad libitum. 

 OVA-Specifi c mAb and pAb 
 All mice were immunized twice i.p. with 20  � g OVA (Grade V, 

Sigma, St. Louis, Mo., USA) in complete Freund’s adjuvant. Th ree 
mice were killed and their spleens were used as a source of antibody 
genes. Briefl y, PBMC were isolated by gradient centrifugation and 
total PBMC mRNA was prepared using mini-Prep kit (Qiagen) ac-
cording to the manufacturer’s instructions. Combinatorial phage 
display libraries were prepared as described  [18] . Anti-OVA anti-
bodies were isolated by panning phage libraries on OVA-coated 
polystyrene, cloned using standard phage display and screened as 
Fab fragments against OVA. CDR3 regions of OVA-specifi c anti-
bodies were sequenced at Agowa (Berlin, Germany). Antibodies 
were selected for further study to provide maximal diversity of ami-
no acid sequences, and clones were tested to ensure that they re-
acted with diff erent epitopes on OVA. 

 Selected whole antibodies were expressed as murine IgG2b 
from stably transfected CHO cells in serum-free medium, purifi ed 
on protein G (Amersham Biosciences, Uppsala, Sweden), freeze-
dried, and dissolved in endotoxin-free phosphate-buff ered saline 
(PBS). Purity was estimated to be  1 95% by SDS-PAGE. Specifi city 
and binding characteristics were verifi ed by ELISA and Western 
blot as described below. 

 Determination of Anti-OVA Specifi city 
 Subtilisin cleaves 33 amino acids from the C-terminus of OVA. 

For subtilisin digestion, 1 mg/ml OVA (Grade V, Sigma) was incu-
bated with 400 ng/ml subtilisin (Subtilisin Carlsberg,  Bacillus li-
cheniformis , Type VIII, Sigma) in PBS, pH 7.4, for 40 min at 37   °   C. 
Digestion by subtilisin was confi rmed by SDS-PAGE seen as a shift  
of the OVA band from approximately 43 to 40 kDa. Pepsin cleaves 
22 amino acids from the N-terminus of OVA. For digestion by pep-
sin, 1 mg/ml OVA was incubated with 200  � g/ml pepsin (Sigma) 
in 100 m M  acetate, pH 4.0, overnight at room temperature (RT). 
Digests were subsequently desalted using PD10 columns (Amer-
sham) according to the manufacturer’s instructions. Pepsin digest 
was confi rmed by SDS-PAGE, seen as a shift  of the OVA band from 
approximately 43 kDa to a slightly faster migrating band. To gener-
ate the soluble OVA isoform, S-OVA, OVA (Sigma Grade VII, Sig-
ma), 10 mg/ml, was generated by incubation overnight at 55   °   C in 
100 m M  phosphate, pH 10.0  [19] . OVA was heat denatured as de-
scribed by Takahashi et al.  [20] . For reduction 2  � l DTT or 10  � l 
0.5  M  TCEP (BondBreaker, Pierce) was added to 100  � l OVA, 
1 mg/ml in PBS, followed by incubation at 80   °   C for 1 h. For al-
kylation, 10  � l 10 !  PBS (Gibco) and 100  � l 200 m M  N-ethyl ma-
leimide in water was added, followed by a further 1-hour incuba-
tion at RT  [21] . 
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 For Western blot analysis of anti-OVA Fab specifi city, native 
and subtilisin- and pepsin-digested OVA was subjected to SDS-
PAGE and transferred to PVDF membranes by standard protocols. 
Nonreducing SDS-PAGE was done by omitting reducing agent (5 
vol% 2-mercaptoethanol) during heat denaturation of samples. Fab 
fragments (crude periplasmic extract desalted on PD10 columns, 
Amersham) were used at 1:   2 dilution in 5% BLOTTO (dry skimmed 
milk) 0.05% Tween in PBS. Bands were visualized using an HRP-
conjugated anti-mouse Fab secondary antibody (Sigma), UVP 
West chemiluminescent substrate and a CCD camera. 

 For ELISA analysis of anti-OVA Fab specifi city, native, subtili-
sin-digested, pepsin-digested, S-OVA, heat-denatured as well as 
reduced and alkylated OVA was coated on ELISA plates (Costar) 
at 10  � g/ml in 50 m M  carbonate, pH 9.6 overnight at 4   °   C. Aft er 
incubation the plates were washed and blocked in 5% BLOTTO. 
Phage Fab fragments were diluted from 1:   3 to 1:   81 in 5% BLOTTO, 
PBS, 0.05% Tween and incubated in the plates for 2 h at RT. Aft er 
washing, an HRP-conjugated anti-M13 mAb secondary antibody 
(Pharmacia), diluted 1:   5,000 in 2% BLOTTO, PBS, 0.05% Tween 
was added to the plates and incubated for 1 h at RT. Plates were 
developed with TMB substrate (Dako), and stopped with 1  M  sul-
furic acid. Th e optical density at 450 nm was determined in a stan-
dard microplate reader. 

 Quantifi cation of Nebulized OVA and i.n. Administered 
Antibody 
 To quantify the amount of antibody reaching the lungs by i.n. 

administration, 75  � g rabbit pAb (AB1225, Chemicon) in 50  � l 
PBS was administered i.n. before bronchoalveolar lavage (BAL) 
was obtained from both lungs 0, 1, 2 and 3 h postadministration. 
Th e amount of antibody recovered was determined using the OVA 
ELISA as described above using HRP-conjugated anti-rabbit anti-
body (BD Pharmingen, Mountain View, Calif., USA) as secondary 
detection agent. To measure the amount of OVA instilled by nebu-
lization, mice were exposed to nebulized OVA for 10 or 20 min. Th e 
recovery of OVA at 3 h postadministration was done using OVA-
specifi c ELISA as described above. 

 Induction of Allergy 
 Mice were sensitized by two i.p. injections of 20  � g OVA in 

2.25 mg alum (Imject, Pierce, Rockford, Ill., USA) in 100  � l PBS 
on days 0 and 14, and challenged on day 28, and on each of the fol-
lowing 4 days with either nebulized PBS or 1% OVA in PBS for 
20 min ( � 10 ml) using a jet nebulizer. i.n. administration of 75  � g 
of monoclonal or polyclonal anti-OVA murine IgG2b or an isotype 
control polyclonal murine IgG2b (Zymed, San Francisco, Calif., 
USA) was done 3 h prior to all challenges in 50  � l PBS under light 
anesthesia (methohexitone, Brietal Sodium, Eli Lilly, Indianapolis, 
Ind., USA)  [22] . Th e control antibody did not react with OVA as 
assessed by ELISA. Dexamethasone, which is a widely used treat-
ment for asthma (Intervet, Boxmeer, Th e Netherlands), 60  � g/
mouse, was administered by i.p. injection as a positive control. 

 Airway Hyperresponsiveness 
 AHR was assessed 24 h aft er the last OVA challenge using single-

chamber whole-body plethysmography from Buxco (Wilmington, 
N.C., USA), following the method described by Hamelmann et al. 
 [23] . We measured enhanced pause (Penh), a dimensionless value 
closely correlated to bronchoconstriction  [23]  in response to in-
creasing doses of methacholine chloride (Sigma). First, baseline 

Penh was recorded for 3 min; next, PBS was nebulized for 3 min fol-
lowed by recording the response to PBS for 3 min. Th ere was a 1-min 
pause followed by nebulization of 3.125 mg/ml methacholine for 3 
min, recording for 3 min, and 1 min pause. Th is procedure was   con-
tinued   with   2-fold   dose   increments   up   to   a  dose of  50 mg/ml. 

 Bronchoalveolar Lavage 
 Th e right lung only was lavaged by 500  � l PBS 3 times before 

pooling the fractions from individual mice. BAL assessments were 
performed immediately following nebulization. Total cell counts 
were determined on a FACScalibur (Becton Dickinson, San Diego, 
Calif., USA) using the LeucoCOUNT system (Becton Dickinson) 
and diff erential cell counts were determined using May-Grünwald 
Giemsa staining. 

 Lung Histology 
 Th e left  lung was tied off  at the bronchi before the trachea was 

opened and cannulated for lavage of the right lung. Th e left  lung 
was then excised, fi xed in formaldehyde and stained with Giemsa. 
An observer blinded to the samples evaluated lung infl ammation. 
Th e degree of infl ammation was scored at three diff erent views of 
each mouse lung on a scale from 0 (no infl ammation) to 4 (severe 
infl ammation) and averaged as described by Tumas et al.  [24] . 

 Serum Anti-OVA IgE Levels 
 ELISA wells were coated overnight with 5  � g/ml OVA to mea-

sure serum levels of total and OVA-specifi c IgE. A biotin-conju-
gated IgE-specifi c antibody (1  � g/ml) followed by HRP-conjugated 
avidin (1:   1,000) was used as detection reagent (both from BD 
Pharmingen). IgE levels (in arbitrary units) were calculated from 
an internal standard consisting of serum from OVA-immunized 
mice. Mouse sera were tested at a 100-fold dilution. Th e procedure 
for OVA coating and ELISA are as described above, except that all 
incubation times were 1 h. 

 Statistics 
 Th e groups were compared in a paired Student t test (two-sided) 

and expressed as means  8  SEM except where noted. A two-way 
ANOVA test was used to evaluate the therapeutic eff ect over the 
entire methacholine dose range. Probability values  ! 0.05 were con-
sidered statistically signifi cant. 

 Results 

 Isolation of OVA-Specifi c Antibodies 
 A total of 33 OVA-specifi c mAb were isolated from 

mice immunized with OVA, using conventional combina-
torial phage display. Sequencing showed that these were 
divided into three groups: I–III based on their heavy chain 
CDR3 region sequences.  Table 1  shows the binding char-
acteristics to OVA of the diff erent antibody types. As can 
be seen the three antibody types covered at least three dis-
tinct epitopes on OVA, as determined by ELISA and West-
ern blotting ( table 1 ). Th e antibody with the highest bind-
ing activity to OVA in ELISA, gc32 belonging to type I, 
was selected for further studies. Based on variable domain 
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sequences and epitope mapping studies ( table 1 ), a further 
six anti-OVA antibodies were selected to provide a diverse 
pAb composition. Th us, the anti-OVA pAb comprises 
equal amounts of gc32, one additional type I antibody, 
two type II antibodies and three type III antibodies. 

 Bioavailability of Antibodies Administered i.n. 
 We assessed the bioavailability of rabbit pAb adminis-

tered i.n. (to facilitate identifi cation of exogenous anti-
body) by measuring the fractions of administered anti-
body or OVA in BAL fl uid. Th e clearance from the airways 
of antibodies administered i.n. during the 3-hour period 
following administration was also measured. Of the ad-
ministered antibody, 28.7  8  4.3  � g (38%) could be recov-
ered from BAL immediately aft er administration. At 1, 2, 
and 3 h aft er exposure 23.6  8  13.6, 17.6  8  6.1, and 9.0  8  
7.4  � g was recovered, respectively, resulting in a calcu-
lated pulmonary half-life of approximately 2.5 h. Th e 
amount of OVA recovered from BAL aft er 20 min expo-
sure to aerosolized 1% OVA solution was 44.1  8  3.1 ng 
( table 2 ). Th ese results suggest that there was approxi-
mately a 100-fold molar excess of antibodies over OVA 
(0.05 n M  vs. 0.65 p M ) at the mucosal surface. 

 Polyclonal, but Not Monoclonal OVA-Specifi c 
Antibodies Reduce AHR 
 We investigated whether i.n. administration of OVA-

specifi c antibodies can reduce OVA-mediated AHR in 
vivo. OVA-sensitized mice were challenged with aerosol-
ized OVA aft er i.n. administration of antibodies; subse-
quently AHR was induced by metacholine. Th is protocol 
signifi cantly increased AHR in the absence of treatment, 
but had minimal eff ect in dexamethasone-treated mice 
( fi g. 1 ). 

 i.n. administration of OVA-specifi c pAb (IgG2b) sig-
nifi cantly reduced AHR in OVA-sensitized mice chal-
lenged with OVA and methacholine ( fi g. 1 ). In contrast, 
neither the OVA-specifi c mAb nor the control antibody 
had any eff ect on AHR. In addition, the protective eff ect 
of anti-OVA pAb was signifi cant over the entire metha-
choline dose range as analyzed by two-way ANOVA (p  !  
0.05 vs. controls; data not shown). Th us, i.n. administra-
tion of anti-OVA pAb eff ectively reduced AHR in this 
mouse model of allergic asthma. 

OVA Digestion Detection gc32 Type I Type II Type III

Native non WB + + + +
Native subtilisin WB + + + +
Reduced non WB – – – +
Reduced subtilisin WB – – – +
Native non ELISA + + + –
S-OVA non ELISA + + + –
Native pepsin ELISA + + – +
Native subtilisin ELISA + + + –
Reduced non ELISA + + – –
Heat, reduced, alkylated non ELISA – – – +

non = No enzymatic digestion; WB = Western blotting.

Table 1. Reactivity of OVA-specifi c pAb

i.n.
administration

Amount
administered

Time aft er administration, h

0 1 2 3

Ab, �g 75 28.784.3 23.6813.6 17.686.1 9.087.4 
OVA, �g 75 ND ND ND 10.886.2

Data from one of two experiments representing the mean of 3 mice 8 SD is shown. 
ND = Not done.

Table 2. Recovery of antibody (Ab) and 
OVA in BAL aft er 75-�g i.n. 
administration
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 Topical Administration of IgG2b Reduces Leukocyte 
Infl ux, Particularly Eosinophilia, into the Airway 
Lumen 
 We evaluated the eff ect of antibody administration on 

airway infl ammation following OVA challenge in sensi-
tized mice. To assess leukocyte infl ux into the airway lu-
men, we measured leukocyte levels in BAL, with diff eren-
tial counts of eosinophils and other leukocytes, mainly 
alveolar macrophages and lymphocytes. As expected, 
OVA-sensitized mice showed a marked increase in leuko-
cyte infl ux following challenge, compared with negative 
controls. In these studies total leukocyte infl ux was re-
duced signifi cantly by treatment with anti-OVA-pAb, 
anti-OVA-mAb and dexamethasone ( fi g. 2 a). A reduction 
was also seen with control pAb, but the diff erence did not 
reach statistical signifi cance ( fi g. 2 a). Th e infl ux of mono-
nuclear cells was reduced signifi cantly by anti-OVA-mAb 
and dexamethasone, whereas anti-OVA-pAb and dexa-
methasone decreased eosinophilia in the BAL ( fi g. 2 b). To 
assess whether airway tissue infl ammation was aff ected by 
antibody treatment peribronchial and perivascular in-
fl ammation was scored in mice. Using this approach we 
found infl ammation to be reduced slightly, but signifi -
cantly  in anti-OVA pAb- and anti-OVA mAb-treated 
mice as compared to OVA-challenged nontreated mice 
( fi g. 3 ). 
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  Fig. 1.  Anti-OVA pAb reduce AHR to methacholine. BALB/cJ mice 
were sensitized and challenged with OVA on days 0 and 14. On day 
28 and the following 4 days mice were challenged with OVA 3 h 
aft er i.n. antibody administration. Study groups included PBS chal-
lenge (n = 21), OVA challenge (n = 21), OVA + anti-OVA pAb treat-
ment (n = 14), OVA + anti-OVA mAb treatment (n = 13), OVA + 
control pAb treatment (n = 14), and OVA + dexamethasone (dexa.) 
treatment (n = 10). Penh measurements were taken following ad-
ministration of 50 mg/ml methacholine. Pooled data of individual 
mice from three separate experiments are shown; bars represent 
the mean value of each group. Statistical signifi cant diff erences be-
tween individual groups are indicated. 
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  Fig. 2.  Reduced levels of leukocytes ( a ) and eosinophil granulocytes ( b ) in BAL aft er administration of anti-OVA 
pAb. BALB/cJ mice were sensitized and challenged with OVA on days 0 and 14. On day 28 and the following 4 
days mice were challenged with OVA 3 h aft er i.n. antibody administration. Study groups included PBS challenge 
(n = 21), OVA challenge (n = 21), OVA + anti-OVA pAb treatment (n = 14), OVA + anti-OVA mAb treatment 
(n = 13), OVA + control pAb treatment (n = 14), and OVA + dexamethasone (dexa.) treatment (n = 10). Th e 
BAL was harvested subsequent to Penh measurements as described in Materials and Methods. Means + SEM are 
shown. * p  !  0.05 compared to nontreated OVA-challenged mice. 
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 OVA-Specifi c pAb Reduce Specifi c Serum IgE 
Antibody Levels 
 To investigate the mechanisms of the anti-OVA pAb-

mediated reduction in allergic infl ammation and symp-
toms we analyzed a number of allergic mediators. Analy-
sis of total serum IgE revealed no diff erences between 
treated and untreated mice (data not shown). However, 
serum levels of OVA-specifi c IgE were signifi cantly lower 
in anti-OVA pAb-treated mice compared with controls. 
Th ere was no reduction in OVA-specifi c IgE in anti-OVA 
mAb-treated mice. Th e control pAb also reduced specifi c 
IgE levels as part of a nonspecifi c eff ect on IgE ( fi g. 4 ). 

 Discussion 

 We cloned OVA-specifi c antibodies from OVA-immu-
nized mice and tested these recombinant antibodies for 
prevention of OVA-induced allergy in a mouse model. 

Th e results support that polyclonal allergen-specifi c IgG2b 
antibodies may off er better symptom control than mAb in 
the management of allergic asthma. 

 Our anti-OVA pAb signifi cantly improved both AHR 
and infl ammation in OVA-challenged mice. Anti-OVA 
mAb therapy had no eff ect on AHR, although there was 
an eff ect on infl ammation. Interestingly, BAL analysis re-
vealed that anti-OVA pAb had its strongest eff ect on the 
eosinophil infl ux, while anti-OVA mAb aff ected mono-
nuclear cell infl ux. Dexamethasone, as a positive control, 
yielded predictable results: an improvement in all mea-
sures of disease activity with no eff ect on the IgE level. Th e 
control antibody produced an unexpected result, howev-
er, in reducing levels of specifi c IgE, although it had no 
eff ect on any measured disease endpoint. 

 Th ese data highlight the complexity of the pathogenic 
mechanisms for AHR and infl ammation in allergic asth-
ma. Although both mAb and pAb reduced infl ammation, 
they appeared to diff er in their mechanism for this eff ect. It 
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  Fig. 3.  Reduced airway infl ammation aft er administration of anti-
OVA pAb. BALB/cJ mice were sensitized and challenged with OVA 
on days 0 and 14. On day 28 and the following 4 days mice were 
challenged with OVA 3 h aft er i.n. antibody administration. Study 
groups included PBS challenge (n = 16), OVA challenge (n = 13), 
OVA + anti-OVA pAb treatment (n = 14), OVA + anti-OVA mAb 
treatment (n = 10), OVA + control pAb treatment (n = 8) and 
OVA + dexamethasone (dexa.) treatment (n = 10). Infl ammation 
was scored by a blinded observer on a scale of 0–4. Statistical sig-
nifi cant diff erences between individual groups are indicated. 
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  Fig. 4.  Anti-OVA pAb reduce serum levels of OVA-specifi c IgE. 
BALB/cJ mice were sensitized and challenged with OVA on days 0 
and 14. On day 28 and the following 4 days mice were challenged 
with OVA 3 h aft er i.n. antibody administration. Study groups in-
cluded PBS challenge (n = 21), OVA challenge (n = 21), OVA + 
anti-OVA pAb treatment (n = 14), OVA + anti-OVA mAb treat-
ment (n = 13), OVA + control pAb treatment (n = 14), and OVA + 
dexamethasone (dexa.) treatment (n = 10). Serum was harvested at 
the time of sacrifi ce following Penh measurements. OVA-specifi c 
antibodies were quantifi ed as described in Material and Methods. 
ELISA. Means + SEM are shown. * p  !  0.05 compared to nontreat-
ed OVA-challenged mice. 
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is thought that allergen-specifi c blocking IgG acts through 
several mechanisms such as blocking the production of al-
lergen-specifi c IgE in response to allergen challenge; inter-
fering with IgE-mediated allergen binding to eosinophils, 
mast cells and basophils; and downregulation of IgE-en-
hanced presentation of antigen to T cells  [25] . Hence, dif-
ferences between the eff ects of individual antibodies on 
disease pathology may refl ect varying eff ects on diff erent 
IgE-mediated mechanisms for an allergic response. 

 Further mechanistic studies are required to explain the 
diff erences between the eff ects of monoclonal and poly-
clonal IgG in this mouse model. However, we conclude 
that the anti-OVA mAb (gc32) acted on fewer immune 
mechanisms than anti-OVA pAb. Both anti-OVA mAb 
and pAb reduced the circulating levels of specifi c IgE, sug-
gesting that both antibodies inhibited IgE production in 
response to challenge. However, anti-OVA pAb also acted 
on a diff erent mechanism to reduce AHR, while anti-OVA 
mAb lacked this eff ect. 

 When assessing the eff ect of antibody treatment we 
only diff erentiated between eosinophils and mononuclear 
leukocytes in this study. However, these analyses demon-
strated that only the pAb reduced eosinophil infl ux into 
the airway lumen. Th is may hint at the mechanism by 
which the pAb reduced AHR in this study. Activated eo-
sinophils release a number of cytokines including inter-
leukin-13, which acts on smooth muscle to induce AHR 
 [26] , so reducing the number of eosinophils in the airway 
lumen would be predicted to reduce AHR. 

 Two additional fi ndings warrant discussion: the unex-
pected eff ect of the control antibody on specifi c IgE levels 
and an apparent anomaly in the eff ects of the monoclonal 
and pAb; the mAb gc32 appeared to have a greater eff ect 
on mononuclear cell infl ux than the pAb, which included 
gc32 ( fi g. 2 ). Hence, reduced levels of OVA-specifi c serum 
IgE were seen in mice treated with OVA-specifi c and con-
trol antibodies. Th e reason for this is currently unclear. 
However, as the control antibody does not bind OVA this 
eff ect is not allergen-specifi c; instead one explanation 
might be the induction of FcR-mediated negative feed-
back resulting from polyclonal IgG2b binding to B cells in 
the mucosa. Reductions in allergen-specifi c IgE have pre-
viously been reported in patients treated with high-dose 
intravenous immunoglobulin  [27] ; despite the route of 
administration and the dose of immunoglobulin, this ob-
servation agrees with the present data. Given the unclear 
association between IgE and AHR and infl ammation, the 
eff ect on OVA-specifi c IgE mediated by the control anti-
body might not contribute to the signifi cant therapeutic 
eff ects seen on these latter parameters. 

 As for the discrepancy in the eff ect on mononuclear 
cells, it has previously been reported that some IgG anti-
bodies seems to enhance, rather than block, IgE-mediated 
allergic responses to the birch pollen allergen Bet v 1  [28, 
29] . As the individual antibodies comprised in the anti-
OVA pAb were screened individually against OVA, but 
not against OVA-specifi c IgE or IgE-dependent eff ects, it 
might be possible that one of these antibodies has an op-
posite than gc32 on mononuclear cell-mediated infl am-
mation. 

 Th is study provides evidence that i.n. administration is 
appropriate for allergic asthma. Th is is consistent with 
previous reports of i.n. administered antibody therapy for 
allergic asthma  [30, 31] . Sehra et al.  [31]  demonstrated 
reduced lung infi ltration and infl ammation following i.n. 
administration of anti-OVA IgG in a murine model simi-
lar to the present study. However, there was no assessment 
of AHR in their study. Th us, the present study confi rms 
and extends previous studies by demonstrating that mouse 
polyclonal IgG2b antibodies can reduce allergen-induced 
AHR in mice. 

 New biological agents targeting specifi c immune mech-
anisms underlying allergic asthma are a promising line of 
research, and a recombinant anti-IgE mAb (omalizumab) 
is now available. A recent Cochrane review of clinical tri-
als in over 2,000 subjects concluded that although this 
agent signifi cantly reduced levels of free IgE as well as in-
fl ammatory asthma symptoms, the extent of its therapeu-
tic eff ect constitutes a ‘debatable clinical value’  [32] . Evi-
dence suggests that omalizumab, like the anti-OVA mAb 
of the present study, has no eff ect on AHR  [33] . Th is lack 
of effi  cacy against AHR may explain the limited eff ect of 
monoclonal anti-IgE therapy for allergic asthma, and sup-
ports the idea that pAb might off er improved effi  cacy by 
reducing both infl ammation and AHR. 

 Another potential advantage of pAb is that they might 
be more eff ective than mAb against allergens consisting of 
multiple epitopes. Studies have identifi ed multiple epi-
topes on grass pollen and birch allergens  [34, 35] . Th e 
anti-OVA pAb used in the current study comprises seven 
anti-OVA antibodies falling into three types based on 
their heavy chain CDR3 sequences. Based on the binding 
characterization data, these antibodies most likely will not 
cover all accessible antigenic sites on the OVA molecule, 
which would decrease its effi  cacy in vivo. Increasing the 
number of individual antibody specifi cities in a therapeu-
tic antibody composition would arguably enhance the ad-
vantages of polyclonality by way of enhanced allergen 
coverage and hence blocking or removal. 
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 In conclusion, our data support the potential value of 
i.n. administered polyclonal recombinant antibody ther-
apy in the treatment of allergic asthma. pAb may off er 
improved effi  cacy compared with mAb for this indication, 
due to pleiotropic eff ects on the immune mechanisms for 
the allergic response. Th is study also provides further in-
formation on the mechanisms by which monoclonal and 
polyclonal IgG exerts its therapeutic eff ects on allergic 
asthma. 

 Acknowledgements 

 Th e authors would like to thank Dr. Hans-Jørgen Malling and 
Dr. Lars K. Poulsen for discussions, and Barbara Th aysen Ander-
sen, Camilla Holst Dahl, Hanne Wagner, Yvonne Berger Larsen, 
Anette Ager Lauridsen and Jonas Steenbuch Krabbe for their excel-
lent technical assistance. 

 References 

  1 Noon L: Prophylactic inoculation against hay 
fever. Lancet 1911;   10:   1572–1573. 

  2 Cooke RA, Bernhard JH, Hebal S, Stull A: Se-
rological evidence of immunity with coexist-
ing sensitization in hay fever type of human 
allergy. J Exp Med 1935;   62:   733–750. 

  3 Loveless MH: Immunological studies of pol-
linosis. I. Th e presence of two antibodies re-
lated to the same pollen antigen in the serum 
of treated hay fever patients. J Immunol 1940;  

 38:   25–50. 
  4 Loveless MH: Immunological studies of pol-

linosis. IV. Th e relationship between thermo-
stable antibody in the circulation and clinical 
immunity. J Immunol 1943;   47:   165–180. 

  5 Lichtenstein LM, Holtzman NA, Burnett LS: 
Aquantitative in vitro study of the chromato-
graphic distribution and immunoglobulin 
characteristics of human blocking antibody. J 
Immunol 1968;   101:   317–324. 

  6 Lichtenstein LM, Ishizaka K, Norman PS, So-
botka AK, Hill BM: IgE antibody measure-
ments in ragweed hay fever. Relationship to 
clinical severity and the results of immuno-
therapy. J Clin Invest 1973;   52:   472–482. 

  7 Djurup R, Malling HJ, Sondergaard I, Weeke 
B: Th e IgE and IgG subclass antibody response 
in patients allergic to yellow jacket venom un-
dergoing diff erent regimens of venom immu-
notherapy. J Allergy Clin Immunol 1985;   76:  

 46–55. 
  8 Corry DB: Emerging immune targets for the 

therapy of allergic asthma. Nat Rev Drug Dis-
cov 2002;   1:   55–64. 

  9 Campbell AM, Vachier I, Chanez P, Vignola 
AM, Lebel B, Kochan J, Godard P, Bousquet J: 
Expression of the high-affi  nity receptor for 
IgE on bronchial epithelial cells of asthmatics. 
Am J Respir Cell Mol Biol 1998;   19:   92–97. 

 10 Brekke OH, Sandlie I: Th erapeutic antibodies 
for human diseases at the dawn of the twenty-
fi rst century. Nat Rev Drug Discov 2003;   2:  

 52–62. 
 11 Montero-Julian FA, Klein B, Gautherot E, 

Brailly H: Pharmacokinetic study of anti-in-
terleukin-6 (IL-6) therapy with monoclonal 
antibodies: enhancement of IL-6 clearance by 
cocktails of anti-IL-6 antibodies. Blood 1995;  

 85:   917–924. 

 12 Nowakowski A, Wang C, Powers DB, Amers-
dorfer P, Smith TJ, Montgomery VA, Sheridan 
R, Blake R, Smith LA, Marks JD: Potent neu-
tralization of botulinum neurotoxin by re-
combinant oligoclonal antibody. Proc Natl 
Acad Sci USA 2002;   99:   11346–11350. 

 13 Volk WA, Synder RM, Benjamin DC, Wagner 
RR: Monoclonal antibodies to the glycopro-
tein of vesicular stomatitis virus: comparative 
neutralizing activity. J Virol 1982;   42:   220–
227. 

 14 Kingsford L: Enhanced neutralization of La 
Crosse virus by the binding of specifi c pairs of 
monoclonal antibodies to the G1 glycopro-
tein. Virology 1984;   136:   265–273. 

 15 Iorio RM, Bratt MA: Neutralization of New-
castle disease virus by monoclonal antibodies 
to the hemagglutinin-neuraminidase glyco-
protein: requirement for antibodies to four 
sites for complete neutralization. J Virol 1984;  

 51:   445–451. 
 16 Renegar KB, Small PA Jr: Passive transfer of 

local immunity to infl uenza virus infection by 
IgA antibody. J Immunol 1991;   146:   1972–
1978. 

 17 Janssen EM, Wauben MH, Jonker EH, Hof-
man G, van Eden W, Nijkamp FP, Van Ooster-
hout AJ: Opposite eff ects of immunotherapy 
with ovalbumin and the immunodominant T-
cell epitope on airway eosinophilia and hyper-
responsiveness in a murine model of allergic 
asthma. Am J Respir Cell Mol Biol 1999;   21:  

 21–29. 
 18 Baecher-Allan CM, Santora K, Sarantopoulos 

S, Den W, Sompuram SR, Sharon J, Cevallos 
AM, Bhat N, Ward H: Generation of a poly-
clonal Fab phage display library to the proto-
zoan parasite  Cryptosporidium parvum . Comb 
Chem High Th roughput Screen 1999;   2:   319–
325. 

 19 Huntington JA, Patston PA, Gettins PG: S-ov-
albumin, an ovalbumin conformer with prop-
erties analogous to those of loop-inserted ser-
pins. Protein Sci 1995;   4:   613–621. 

 20 Takahashi N, Orita T, Hirose M: Production 
of chicken ovalbumin in  E. coli . Gene 1995;  

 161:   211–216. 

 21 Crow MK, Karasavvas N, Sarris AH: Protein 
aggregation mediated by cysteine oxidation 
during the stacking phase of discontinuous 
buff er SDS-PAGE. Biotechniques 2001;   30:  

 311–316. 
 22 Dorr W, Weber-Frisch M: Short-term immo-

bilization of mice by methohexitone. Lab 
Anim 1999;   33:   35–40. 

 23 Hamelmann E, Schwarze J, Takeda K, Oshiba 
A, Larsen GL, Irviv GC, Gelfand EW: Nonin-
vasive measurement of airway responsiveness 
in allergic mice using barometric plethysmog-
raphy. Am J Respir Crit Care Med 1997;   156:  

 766–775. 
 24 Tumas DB, Chan B, Werther W, Wrin T, Ven-

nari J, Desjardin N, Shields RL, Jardieu P: 
Anti-IgE effi  cacy in murine asthma models is 
dependent on the method of allergen sensiti-
zation. J Allergy Clin Immunol 2001;   107:  

 1025–1033. 
 25 Flicker S, Valenta R: Renaissance of the block-

ing antibody concept in type I allergy. Int Arch 
Allergy Immunol 2003;   132:   13–24. 

 26 Taube C, Dakhama A, Gelfand EW: Insights 
into the pathogenesis of asthma utilizing mu-
rine models. Int Arch Allergy Immunol 2004;  

 135:   173–186. 
 27 Mazer BD, Giclas PC, Gelfand EW: Immuno-

modulatory eff ects of intravenous immuno-
globulin in severe steroid-dependent asthma. 
Clin Immunol Immunopathol 1989;   53:S156–
S163. 

 28 Denepoux S, Eibensteiner PB, Steinberger P, 
Vrtala S, Visco V, Weyer A, Kraft  D, Banche-
reau J, Valenta R, Lebecque S: Molecular char-
acterization of human IgG monoclonal anti-
bodies specifi c for the major birch pollen 
allergen Bet v 1. Anti-allergen IgG can en-
hance the anaphylactic reaction. FEBS Lett 
2000;   465:   39–46. 

 29 Lebecque S, Dolecek C, Laff er S, Visco V, De-
nepoux S, Pin JJ, Guret C, Boltz-Nitulescu G, 
Weyer A, Valenta R: Immunologic character-
ization of monoclonal antibodies that modu-
late human IgE binding to the major birch 
pollen allergen Bet v 1. J Allergy Clin Immu-
nol 1997;   99:   374–384. 



 Allergen-Specifi c Passive Immunization Int Arch Allergy Immunol 2006;140:261–269 269

 30 Schwarze J, Cieslewicz G, Joetham A, Sun LK, 
Sun WN, Chang TW, Hamelmann E, Gelfand 
EW: Antigen-specifi c immunoglobulin-A 
prevents increased airway responsiveness and 
lung eosinophilia aft er airway challenge in 
sensitized mice. Am J Respir Crit Care Med 
1998;   158:   519–525. 

 31 Sehra S, Pynaert G, Tournoy K, Haegeman A, 
Matthys P, Tagawa Y, Pauwels R, Grooten J: 
Airway IgG counteracts specifi c and bystand-
er allergen-triggered pulmonary infl amma-
tion by a mechanism dependent on Fc � R and 
IFN- � . J Immunol 2003;   171:   2080–2089. 

 32 Walker S, Monteil M, Phelan K, Lasserson TJ, 
Walters EH: Anti-IgE for chronic asthma in 
adults and children. Cochrane Database Syst 
Rev 2004; 2:CD003559. 

 33 Djukanovic R, Wilson SJ, Kraft  M, Jarjour 
NN, Steel M, Chung KF, Bao W, Fowler-Taylor 
A, Matthews J, Busse WW, Holgate ST, Fahy 
JV: Eff ects of treatment with anti-immuno-
globulin E antibody omalizumab on airway 
infl ammation in allergic asthma. Am J Respir 
Crit Care Med 2004;   170:   583–593. 

 34 Schramm G, Bufe A, Petersen A, Haas H, Mer-
get R, Schlaak M, Becker WM: Discontinuous 
IgE-binding epitopes contain multiple contin-
uous epitope regions: results of an epitope 
mapping on recombinant Hol l 5, a major al-
lergen from velvet grass pollen. Clin Exp Al-
lergy 2001;   31:   331–341. 

 35 Mueller GA, Smith AM, Chapman MD, Rule 
GS, Benjamin DC: Hydrogen exchange nucle-
ar magnetic resonance spectroscopy mapping 
of antibody epitopes on the house dust mite 
allergen Der p 2. J Biol Chem 2001;   276:   9359–
9365.   




