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ABSTRACT    

Background: The mechanism(s) responsible for the acquisition of maternal antibody isotypes 

other than IgG are not fully understood. 

Objective: To define the ability of the neonatal Fc receptor for IgG uptake (FcRn) to mediate 

intestinal absorption of IgG1 anti-IgE/IgE immune complexes. 

Methods: C57BL/6 allergic ovalbumin (OVA)-immune foster mothers were generated to nurse 

naïve FcRn+/- or FcRn-/- progeny. At the time of weaning, serum levels of OVA-specific 

antibodies and IgG1 anti-IgE/IgE immune complexes were determined in allergic foster 

mothers and FcRn+/+,  FcRn+/-, or FcRn-/- breastfed offspring. In separate experiments, FcRn+/- or 

FcRn-/- neonatal mice were gavage fed TNP-specific IgE as IgG1 anti-IgE/IgE immune complexes, 

IgG1 isotype control and IgE, or IgE alone. Mice were sacrificed 2 hours after feeding to 

determine serum levels and biologic activity of absorbed TNP-specific IgE.     
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Results: As expected, the absorption of maternal OVA-specific IgG1 in FcRn-/- offspring was at 

levels 103-104 less than observed in FcRn+/+ or FcRn+/- offspring. Surprisingly, FcRn expression 

also influenced the absorption of maternal IgE. OVA-specific IgE was detected in FcRn+/+ and 

FcRn+/-offspring, but not in FcRn-/- offspring. IgG1 anti-IgE/IgE immune complexes were 

detected in allergic foster mothers and correlated strongly with levels in FcRn+/+ and FcRn+/- 

offspring (rho=0.88, P <0.0001). Furthermore, FcRn expression was required for neonatal mice 

to absorb TNP-specific IgE when fed as IgG1 anti-IgE/IgE immune complexes.  When immune 

complexes were generated with IgG1 anti-IgE directed against the Cε4 domain, the absorbed 

IgE was able to function in antigen-dependent basophil degranulation. 

Conclusions and Clinical Relevance: These data demonstrate a novel mechanism by which 

FcRn may facilitate absorption of maternal antibodies other than IgG. These findings are 

clinically relevant because FcRn mediates the transplacental passage of maternal IgG to the 

fetus. This raises the possibility that FcRn could mediate the transplacental passage of 

maternal IgE as IgG anti-IgE/IgE immune complexes.   

Key Words: Allergy, sensitization, autoantibodies, placenta, maternal transmission 

INTRODUCTION 

The acquisition of maternal IgG provides offspring with short-term protective immunity during 

a period of neonatal immune deficiency and maturation. The specific receptor mediating the 

transport of maternal IgG is the neonatal Fc receptor (FcRn) [1], a β2-microglobulin-associated 

MHC-class-I like molecule [2] that also regulates IgG catabolism through its expression on the 

vascular endothelium [3;4] and possibly several other cell types [5;6]. In humans and rodents, 
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FcRn mediates the transport of maternally derived IgG in ingested milk across the epithelial-

cell layer of the proximal small intestine [7-11]. A substantial amount of maternal IgG is also 

transported in utero, with receptors localized to the syncytiotrophoblast of the human 

placenta [12;13] and the yolk sac endoderm in mice [14].   

     Recently, it has been demonstrated that murine FcRn mediates the bidirectional transport 

of IgG across epithelial barriers [15;16]. This finding has extended FcRn’s role in immunity, as 

the bidirectional transport of IgG confers the ability to retrieve intestinal luminal antigens 

complexed with IgG and deposit them into the intestinal mucosa for processing by local 

immune cells [16;17]. It is unclear if FcRn localized to the syncytiotrophoblast of the placental 

villi exhibits similar transport properties, however several studies suggest the transplacental 

passage of several antigens may be facilitated by IgG [18;19]. Using an ex vivo placental 

perfusion model, Szepfalusi et al. demonstrated the placental transport of inhalant and 

nutritive allergens is increased in the presence of human immunoglobulin [20]. In addition, the 

transplacental passage of exogenous insulin from mother to fetus is associated with the 

presence of anti-insulin antibodies, suggesting in this situation that insulin can cross the 

placental barrier as IgG-insulin immune complexes [21].   

     Despite the finding that all 5 classes of antibodies are variably present in the serum of 

newborns [22;23], the mechanism(s) responsible for acquisition of maternal antibody isotypes 

other than IgG are not fully understood. Using a murine model of ovalbumin (OVA)-induced 

allergic airway disease (AAD) we previously demonstrated that allergen-specific IgG1 and IgE 

are absorbed from the neonatal gastrointestinal tract into the systemic circulation of naïve 

mice nursed by allergic mothers [24;25]. In this report, we demonstrate the absorption of 
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allergen-specific IgE by breastfed offspring was dependent on offspring FcRn expression. 

Because it is generally thought that FcRn does not bind IgE [7;26], we hypothesized that IgE 

could be absorbed from the milk of allergic mothers as IgG anti-IgE/IgE immune complexes. To 

investigate this possibility we demonstrated that IgG1 anti-IgE/IgE immune complexes were 

present in the serum of allergic mothers and correlated strongly with the serum concentration 

of IgG1 anti-IgE/IgE immune complexes in breastfed offspring. Furthermore, in neonatal mice 

fed IgG1 anti-IgE/IgE immune complexes, the ability to absorb IgE into the systemic circulation 

was dependent on FcRn. Our results suggest a mechanism by which FcRn may facilitate the 

absorption of maternal antibodies other than IgG. 

METHODS 

Animals 

C57BL/6J-wildtype or -FcRn-deficient (FcRn-/-) mice were obtained from Jackson Laboratories 

(Bar Harbor, ME) or bred in our colony at the University of CT Health Center. All mice were fed 

sterile food and water, and housed in microisolators under pathogen-free conditions. Their 

care was in accordance with institutional and Office of Laboratory Animal Welfare guidelines. 

To distinguish FcRn+/+, FcRn+/-, and FcRn-/- mice, genomic DNA was isolated from tail pieces and 

PCR was performed as described [27].  

Generation of allergic foster mothers 

Maternal AAD was generated in 5-6 week old female C57BL/6J wildtype mice with two weekly 

immunizations by intraperitoneal (i.p.) injection of 8 µg or 0.32 μg/gram body weight OVA 

(grade V, Sigma Chemical Co., St. Louis, MO) adsorbed to 2 mg or 0.08 mg/gram body weight 
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Al(OH)3. Seven to 19 days following the second immunization, animals were exposed daily to 

aerosolized antigen generated from 1% OVA in normal saline with a Bioaerosol Nebulizing 

Generator (BANG, CH Technologies, Inc., Westwood, NJ).  Exposures were 1 hour for 7 

consecutive days delivered via a nose-only inhalation exposure chamber (In-Tox Products, 

Moriarty, NM). Fifty-two to 63 days after the primary aerosol exposure, females were bred 

with naïve C57BL/6J males.  Pregnant mice were subjected to a secondary challenge with 

aerosolized OVA daily, during embryonic days (E) 11-17 of pregnancy (duration of pregnancy 

being 19-20 days). Allergic foster mothers were screened for responsiveness to secondary 

aerosol challenge with OVA and only those with serum concentrations of OVA-specific IgE ≥ 

3000 ng/ml were used in the final analysis. This ensured all breastfed offspring ingested 

significant amounts of OVA-specific antibodies in the breast milk. 

Feeding or intraperitoneal injection of IgG1 anti-IgE/IgE immune complexes 

Sixteen to 18 day old FcRn+/- naïve neonatal mice were gavage fed 100 µg mouse TNP-specific 

IgE (C38-2) (BD Pharmingen, San Diego, CA) in equal molar amounts (79 µg)  of rat IgG1 anti-

mouse IgE (R35-72) (BD Pharmingen) or rat IgG1 isotype control (eBRG1) (eBioscience, San 

Diego, CA), or alone in PBS. As a positive control for the systemic absorption of IgE, FcRn+/- 

naïve neonatal mice were injected i.p. with 100 µg mouse TNP-specific IgE in equal molar 

amounts of rat IgG1 anti-mouse IgE (R35-72), or alone in PBS. Prior to administration, 

antibodies were dialyzed in molecularporous membrane tubing (12-14,000 MWCO, Spectrum 

Laboratories, Rancho Dominuez, CA) against PBS to remove sodium azide and concentrated by 

centrifugation at 3,000 x g in Centriplus Centrifugal Filter Devices (10,000 MWCO, Millipore, 

Billerica, MA). Antibody mixtures were incubated for 1 hour at room temperature to allow 
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formation of IgG1 anti-IgE/IgE immune complexes. Formation of immune complexes was 

confirmed by Western blot analysis using goat anti-mouse IgG Horseradish Peroxidase 

Conjugate (H2708) (Southern Biotech, Birmingham, AL) essentially as described [28]. In some 

experiments, 11 to 12 day old FcRn+/- or FcRn-/- naïve neonatal mice were gavage fed 50 µg 

tracer mouse OVA-specific IgG1 (3G3A7, obtained through Dr. Lester Kobzik, Harvard School of 

Public Health, Boston, MA; produced by Bio X Cell, West Lebanon, NH) at the same time as 

IgG1 anti-IgE/IgE immune complexes.  

     To determine the biologic activity of absorbed IgE, rat IgG1 anti-IgE (B1E3, kind gift from Dr. 

Dan Conrad, Virginia Commonwealth University, Richmond, VA) directed against the Cε4 

domain, a region not involved in the binding of IgE to FcεRI [29], was used to generate IgG1 

anti-IgE/IgE immune complexes exactly as described above. Thirteen day old C57BL/6J mice 

were gavage fed 200 µg mouse TNP-specific IgE in equal molar amounts (158 µg) of rat IgG1 

anti-IgE (B1E3) or IgG1 isotype control (eBRG1), or fed 158 µg of rat IgG1 anti-IgE (B1E3) alone. 

Two hours following feeding or injection of antibodies, mice were sacrificed to determine 

serum concentrations of antibodies or to prepare serum for use in the basophil mediator 

release assay.    

Determination of antigen-specific Ig levels  

Serum OVA-specific Ig levels were measured by ELISA as previously described [27].  Limits of 

detection for OVA-specific IgG1 and IgE in the serum were 60 ng/ml and 20 ng/ml respectively. 

Serum TNP-specific IgE levels were measured by ELISA using BD Falcon MicrotestTM plates (BD 

Falcon, Franklin Lakes, NJ) coated with TNP(14)-OVA (Bioresearch Technologies, Novato, CA), 
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at 2 μg/ml in 0.1 M carbonate (pH 9.5) for 16 hours at 4 0C.  After blocking non-specific 

binding, TNP-specific antibodies were captured in duplicate, as 3-4, two-fold serial dilutions of 

serum. Detection of IgE antibodies was with goat anti-mouse IgE-HRP (Southern Biotech). 

Development was with the TMB microwell peroxidase substrate system (Kirkegaard & Perry 

Laboratories, Gaithersburg, MD) and A450 measured with a Biorad Model 480 microplate 

reader (Hercules, CA). The limit of detection for TNP-specific IgE in the serum was 4 ng/ml.  

Assay of IgG1 anti-IgE/IgE immune complexes 

BD Falcon MicrotestTM plates were coated with goat anti-mouse IgE (Southern Biotech) at 2 

μg/ml in 0.1M Carbonate (pH 9.5) for 16 hours at 4 0C. After blocking non-specific binding, IgE 

antibodies were captured in duplicate, as 3-4, two-fold serial dilutions of serum. Detection of 

IgG1 anti-IgE/IgE immune complexes was with Biotin-SP-conjugated goat anti-mouse IgG Fcγ 

Subclass 1 Specific (Jackson ImmunoResearch, West Grove, PA) followed by Avidin-Horseradish 

Peroxidase (BD Pharmingen).  Plates were developed with the TMB microwell peroxidase 

substrate system and measured with a microplate reader as above.  As a reference standard, 

adjacent wells on the same plates were coated with OVA at 10 µg/ml in PBS. After blocking 

non-specific binding, predetermined amounts of murine IgG1 anti-OVA were added as 2-3, 

two-fold serial dilutions in duplicate. The remainder of the assay was performed exactly as 

above. Serum concentrations of IgG1 anti-IgE/IgE immune complexes were calculated based on 

A450 relative to the reference standard. The limit of detection was 30 ng/ml. 
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Determination of IgG1 anti-IgE levels 

BD Falcon MicrotestTM plates were coated with mouse monoclonal IgE (E-G5) (Chondrex, 

Redmond, WA) at 10 μg/ml in 0.1M Carbonate (pH 9.5) for 16 hours at 4 0C. After blocking 

non-specific binding, IgG1 anti-IgE antibodies were captured in duplicate, as 3-4, two-fold serial 

dilutions of serum. Detection of IgG1 anti-IgE was with Biotin-SP-conjugated goat anti-mouse 

IgG Fcγ Subclass 1 Specific (Jackson ImmunoResearch) followed by Avidin-Horseradish 

Peroxidase (BD Pharmingen). Similar to the immune complex assay, adjacent wells on the 

same plates were coated with OVA at 10 µg/ml in PBS and predetermined amounts of murine 

IgG1 anti-OVA were used as a reference standard.  

Rat basophil mediator release assay 

RBL-2H3, rat basophil leukemia cells were purchased from the American Type Culture 

Collection (ATCC) and maintained in Eagle’s MEM with 10% fetal calf serum at 37ºC in 5%CO2. 

For β-hexosaminidase release assays, RBL cells were cultured in 96-well plates at a density of 1 

x 105 cells/well. Following overnight culture, the media was removed and cells were 

preincubated for 1 hour at 37ºC  with serial dilutions of serum obtained from mice previously 

fed IgG1 anti-IgE (B1E3)/IgE immune complexes, IgG1 isotype control and IgE, or IgG1 anti-IgE 

(B1E3) alone. As a positive control, RBL cells were sensitized with mouse TNP-specific IgE (1 

µg/ml) diluted in culture media. The cells were washed four times with Tyrode’s salt solution 

(Sigma-Aldrich, St. Louis, MO) and degranulation was induced by adding TNP-OVA (5 µg/ml) in 

Tyrode’s salt solution for 1 hour at 37ºC. Spontaneous release of β-hexosaminidase was 

determined by adding naïve serum in similar dilutions as experimental specimens to the RBL 
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cells followed by TNP-OVA, or by adding TNP-OVA in the absence of serum or IgE. Total release 

was obtained by adding 1% Triton X-100 (Sigma-Aldrich) to the buffer.  Enzymatic activity of 

released β-hexosaminidase was measured by mixing 30 µl of culture supernatant with 50 µl of 

p-nitrophenyl-N-acetyl β-D-glucosamide (Sigma-Aldrich) (1.3 mg/ml in 0.1 M citric acid buffer, 

pH 4.5). Following one hour of incubation at 37ºC, the reaction was stopped with the addition 

of 100 µl of 0.2 M glycine pH 10.7 and absorbance was measured at 415 nm. After subtraction 

of the spontaneous release, results were expressed as percentage of the total release.  

Statistical analysis 

Results are expressed as mean ± standard error of the mean (SEM). Differences in antibody 

levels between groups were determined using nonparametric Mann-Whitney or Kruskal-Wallis 

tests. When no antigen-specific antibodies were detected in serum samples, values 

corresponding to the assay’s limit of detection were used in the statistical analysis. Correlation 

analysis was performed using Spearman’s rank correlation. Comparisons in the ability of 

neonatal serum to sensitize RBL cells and promote β-hexosaminidase release were performed 

using ANOVA and Tukey’s post-test. All statistical comparisons were performed with Prism 4 

(GraphPad Software, San Diego, CA).  Statistical significance was defined as a P value ≤ 0.05. 

RESULTS 

 Adoptive nursing strategy 

The strategy to determine the role of offspring FcRn in the ability to absorb allergen-specific 

Igs from the milk of allergic mothers has been previously described [27]. Naive C57BL/6J-

FcRn+/- females were mated to C57BL/6J-FcRn-/- males, generating FcRn+/- or FcRn-/- progeny. 
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Within 24 hours of delivery, pups with or without FcRn were adoptively nursed by OVA-

immune (allergic) foster mothers. Using this strategy where all fostered pups were born to 

naïve mothers, acquisition of maternal allergen-specific Igs is restricted to breast milk. In this 

experiment,  FcRn-/- offspring were expected to have reduced systemic levels of OVA-specific 

IgG1 as a consequence of decreased absorption of maternal IgG from the lumen of the 

neonatal gastrointestinal tract [10;27].  

Absorption of maternal OVA-specific IgE was dependent on offspring FcRn 

As anticipated at weaning, FcRn+/+ or FcRn+/- pups had similar OVA-specific IgG1 serum 

concentrations (4.9 ± 0.8 x 107 ng/ml and 3.9 ± 0.9 x 107 ng/ml respectively) as their allergic 

foster mothers (5.4 ± 0.8 x 107 ng/ml). In contrast, FcRn-/- pups displayed significantly reduced 

OVA-specific IgG1 serum concentrations (<6.0 ± 1.6 x 103 ng/ml; P < 0.001) (Fig. 1). These 

findings were consistent with our previous report which demonstrates that there is decreased 

absorption of maternal IgG across the neonatal intestinal tract in FcRn-/- mice [27]. However, to 

our surprise, FcRn expression also influenced the ability of offspring to absorb maternal OVA-

specific IgE. While FcRn+/+ and FcRn+/- offspring had similar OVA-specific IgE serum 

concentrations at weaning (380 ± 54 ng/ml and 261 ± 61 ng/ml respectively), OVA-specific IgE 

was not detected in the serum of FcRn-/- offspring (P < 0.001), even though they were foster 

nursed by the same allergic mothers. Thus, the transfer of antigen-specific antibodies 

(irrespective of Ig isotype [IgG1 or IgE]) from allergic mothers to breastfed offspring was 

dependent on offspring FcRn expression.  
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Correlation between serum levels of IgG1 anti-IgE/IgE immune complexes in allergic foster 

mothers and FcRn-sufficient breastfed offspring 

Because the mechanism by which FcRn-sufficient offspring absorbed maternal IgE was unclear, 

we investigated for the presence of maternal autoantibodies directed against IgE.  Interestingly, 

there were significant quantities of IgG1 anti-IgE autoantibodies in the serum of allergic foster 

mothers, whereas no IgG1 anti-IgE was detected in the serum of naïve adult mice (data not 

shown). This suggested the possibility that maternal IgE was absorbed from the milk as IgG1-anti 

IgE/IgE immune complexes. To further investigate this possibility, we determined serum 

concentrations of IgG1 anti-IgE/IgE immune complexes in allergic foster mothers and FcRn-

sufficient (FcRn+/+ and FcRn+/-) breastfed offspring. As shown in Fig. 2A, at weaning, levels of 

IgG1 anti-IgE/IgE in the serum of allergic foster mothers strongly correlated with levels of IgG1 

anti-IgE/IgE in the serum of FcRn-sufficient breastfed offspring (rho = 0.88, P < 0.0001). 

Similarly, serum concentrations of OVA-specific IgE in allergic foster mothers correlated with 

serum concentrations of OVA-specific IgE in FcRn-sufficient breastfed offspring (rho = 0.86, P < 

0.0001) (Fig. 2B).  

Neonatal mice fed IgG1 anti-IgE/IgE immune complexes absorb IgE into the systemic circulation 

To determine the ability of FcRn-sufficient offspring to absorb IgE in the form of IgG1 anti-

IgE/IgE immune complexes, 16-18 day old FcRn+/- naïve neonatal mice were gavage fed with 

TNP-specific IgE as IgG1 anti-IgE/IgE immune complexes, IgG1 isotype control and IgE, or IgE 

alone. As a positive control for the systemic absorption of IgE, FcRn+/- naïve neonatal mice were 

injected i.p. with TNP-specific IgE as IgG1 anti-IgE/IgE immune complexes or IgE alone. Western 
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blot analysis confirmed the formation of immune complexes in antibody mixtures in vitro with 

IgG1 anti-IgE/IgE demonstrating a band of higher molecular weight than observed for IgG1 anti-

IgE alone  (Fig. 3A). Mice were bled 2 hours after administering the antibody mixtures to 

determine serum concentrations of TNP-specific IgE. As shown in Fig. 3B, FcRn+/- neonatal mice 

fed  IgG1 anti-IgE/IgE complexes absorbed TNP-specific IgE efficiently into the systemic 

circulation (3733 ng/ml ± 2600 ng/ml), while those fed IgG1 isotype control and IgE, or IgE alone 

(17 ng/ml ± 2 ng/ml and 21 ng/ml ± 9 ng/ml respectively) demonstrated 100-200 fold lower 

absorption (P < 0.01). Thus, when IgE was introduced into the neonatal intestine via gavage 

feeding, it was absorbed most efficiently when complexed to IgG1 anti-IgE. In contrast, mice 

injected i.p. were able to absorb TNP-specific IgE efficiently into the systemic circulation when 

injected as IgE alone (9559 ng/ml  ± 3780 ng/ml) or as IgG1 anti-IgE/IgE immune complexes 

(2448 ng/ml  ± 452 ng/ml) (Fig. 3C).  

Intestinal absorption of IgG1 anti-IgE/IgE immune complexes was dependent on offspring FcRn 

To determine the role of offspring FcRn in the ability of neonatal mice to absorb fed IgG1 anti-

IgE/IgE, 11-12 day old FcRn+/- or FcRn-/- naïve neonatal mice were fed TNP-specific IgE as IgG1 

anti-IgE/IgE immune complexes, or IgG1 isotype control and IgE. At the same time, mice were 

fed tracer OVA-specific IgG1 as a marker for intestinal IgG transport. Mice were bled 2 hours 

after feeding to determine serum concentrations of OVA-specific IgG1 and TNP-specific IgE. As 

expected, tracer OVA-specific IgG1 was absorbed efficiently into the systemic circulation of 

FcRn+/- neonates [those fed either IgG1 anti-IgE/IgE, or IgG1 isotype control and IgE (2.8 ± 0.5 x 

104 µg/ml and 1.2 ± 0.3 x 104 µg/ml respectively)]; whereas significantly less was absorbed into 

the systemic circulation of FcRn-/- neonatal mice (4.4 ± 0.9 x 102 µg/ml; P < 0.01) (Fig.4). When 
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neonatal mice were evaluated for the ability to absorb fed TNP-specific IgE, only FcRn+/- mice 

fed IgG1 anti-IgE/IgE immune complexes absorbed TNP-specific IgE into the systemic circulation 

(277 ng/ml ± 59 ng/ml). No TNP-specific IgE was detected in the serum of FcRn+/- neonates fed 

IgG1 isotype control and IgE, or FcRn-/- neonates fed IgG1 anti-IgE/IgE immune complexes (P < 

0.05). 

IgE absorbed as IgG1 anti-IgE/IgE immune complexes was biologically active 

RBL cells were preincubated with serum generated from neonatal mice previously fed IgG1 anti-

IgE (B1E3)/IgE immune complexes, IgG1 isotype control and IgE, or IgG1 anti-IgE (B1E3) alone.  

Serum levels of TNP-specific IgE in neonatal mice fed IgG1 anti-IgE (B1E3)/IgE immune 

complexes were 356 ± 148 ng/ml, while those fed IgG1 isotype control and IgE, or IgG1 anti-IgE 

(B1E3) alone were undetectable (data not shown). As a positive control, cells were 

preincubated with TNP-specific IgE diluted in culture media. Degranulation of RBL cells was 

induced by the addition of TNP-OVA. Figure 5 demonstrates preincubation of RBL cells with a 

four-fold dilution of serum obtained from neonatal mice fed IgG1 anti-IgE (B1E3)/IgE immune 

complexes resulted in the passive sensitization of cells as indicted by the release of β-

hexosaminidase following the addition of TNP-OVA.  In contrast, the same dilution of serum 

obtained from mice fed IgG1 isotype control and IgE, or IgG1 anti-IgE (B1E3) alone resulted in 

little release of β-hexosaminidase following the addition of TNP-OVA, indicating no sensitization 

of RBL cells. There was no difference in spontaneous release of β-hexosaminidase in RBL cells 

preincubated with naïve serum and exposed to TNP-OVA or RBL cells exposed to TNP-OVA in 

the absence of serum or IgE (data not shown).   
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DISCUSSION 

The mechanism(s) responsible for the transport of maternal IgE to offspring remain poorly 

defined. The importance of characterizing this process is exhibited by the increased risk for 

development of allergic disease in infants with elevated levels of IgE in their serum at birth [30-

33].  An improved understanding of the origin of antigen-specific IgE in neonates could aid in 

the design and implementation of allergy prevention strategies during pregnancy or early 

infancy.  We previously demonstrated in a murine model of OVA-induced allergic airway disease 

that allergen-specific IgG1 and IgE are absorbed from the neonatal gastrointestinal tract into the 

systemic circulation of naïve mice nursed by allergic mothers [24;25]. In the present study, we 

demonstrated the absorption of allergen-specific IgE by breastfed offspring was dependent on 

offspring FcRn expression. Although it is generally thought that FcRn does not bind IgE [7;26], 

our data provides compelling evidence that FcRn plays a pivotal role in the absorption of 

maternal IgE. These findings are relevant to humans because FcRn mediates the active 

transplacental passage of IgG to the fetus. This raises the possibility that FcRn could mediate 

the transplacental passage of IgE in humans. 

     The finding that FcRn was required for offspring to absorb IgE from the gastrointestinal tract 

was initially surprising; however further investigation suggested a potential role for maternal 

IgG1 anti-IgE autoantibodies in facilitating the process via the formation of IgG1 anti-IgE/IgE 

immune complexes. IgG1 anti-IgE autoantibodies were detected in the serum of allergic foster 

mothers but were absent from the serum of naïve adult mice. Furthermore, serum 

concentrations of IgG1 anti-IgE/IgE immune complexes in allergic foster mothers were 

equivalent to serum concentrations of IgG1 anti-IgE/IgE immune complexes in FcRn-sufficient 
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breastfed offspring. Because all fostered pups were born to naïve mothers, acquisition of IgG1 

anti-IgE/IgE immune complexes and OVA-specific IgE was restricted to the breast milk of allergic 

foster mothers. We have previously demonstrated FcRn-/- mice subjected to OVA-sensitization 

and OVA aerosol challenge develop equivalent OVA-specific-IgE and -IgG1 responses as wildtype 

mice [27]. Thus, it is unlikely that OVA-specific IgE detected in the serum of FcRn-sufficient 

offspring was the result of OVA transfer and sensitization.   

     Interestingly, the relationship between maternal and offspring IgG1 anti-IgE/IgE immune 

complexes was 1:1, whereas that between maternal and offspring IgE was 10:1. It is known by 

binding FcRn, IgG is protected from degradation and has an extended serum half-life as 

compared to other antibody isotypes [34].  Thus, the differences in ratios may reflect a role for 

FcRn in protecting IgG1 anti-IgE/IgE immune complexes from catabolism. Additional support for 

the ability of FcRn to facilitate absorption of IgG1 anti-IgE/IgE immune complexes was provided 

by gavage feeding studies, where offspring FcRn expression was required for neonatal mice to 

absorb TNP-specific IgE after being fed IgG1 anti-IgE/IgE immune complexes. While our study 

does not negate other potential mechanisms involved in the intestinal absorption of IgE, these 

data suggest a previously undescribed mechanism by which FcRn facilitates the absorption of 

maternal IgE, as IgG1 anti-IgE/IgE immune complexes.    

 

     The existence of autoantibodies to IgG was first described by Waaler et al. [34], and since 

then autoantibodies against all other antibody isotypes have been described [35]. Of particular 

interest, is the finding that circulating IgG anti-IgE exist in a large proportion of patients with 
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atopic disease [36-38]. Up to 70-95% of patients with allergic asthma have detectable levels of 

IgG anti-IgE compared to 32% of non-allergic healthy individuals [39;40]. Similarly, IgG anti-IgE is 

present in the serum of up to 86% of patients with atopic dermatitis and exists mainly as 

immune complexes with self-IgE [41].  

     Although the finding of anti-IgE antibodies in humans initially evoked considerable interest, 

subsequent studies have failed to demonstrate consistent physiologic benefits or detriment 

associated with their presence. In some patients, circulating fractions of IgG anti-IgE appear 

directed against the Cε2-Cε3 interdomain region within the IgE molecule [42]. This region is 

believed to contain at least part of the FcεRI binding site, and antibodies with this specificity 

could potentially block IgE binding to FcεRI. However, other specificities of circulating IgG anti-

IgE may facilitate crosslinking of IgE bound to the surface of basophils or mast cells, thereby 

triggering histamine release and exacerbation of allergic symptoms [43]. Hence, the ability of 

maternal IgG anti-IgE/IgE immune complexes to influence fetal or neonatal T cell priming may 

depend on the binding site within the IgE molecule and whether IgE (bound by IgG anti-IgE) 

retains the capacity to bind FcεRI. Our results from the rat basophil mediator release assay were 

supportive of this concept. The ability of absorbed IgE to function in antigen-dependent 

basophil degranulation was dependent on the epitope specificity of the IgG anti-IgE. After 

gavage feeding immune complexes generated using IgG1 anti-IgE directed against the Cε4 

domain, a region not involved in IgE binding to FcεRI [29], the absorbed IgE in the neonatal 

serum passively sensitized RBL cells and induced degranulation upon antigen exposure. It is also 

known that binding of allergen-specific IgE to the surface of antigen-presenting cells (APCs) via 

FcεRI, optimizes the capacity for allergen presentation and the ability of APCs to elicit T cell 
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responses [44;45]. Given that antigen presentation is functionally immature in neonatal life [46-

48]; maternal IgE that is transferred to offspring in the form of IgG anti-IgE/IgE immune 

complexes may bind to the surface of neonatal APCs and provide a stronger adjuvant stimulus 

to initiate T cell priming [49].  

     The acquisition of maternal IgG is generally regarded as beneficial to the neonate [27;50]; 

however several circumstances demonstrate undesirable effects mediated by maternal IgG. 

Congenital heart block, neonatal myasthenia Gravis, and erythroblastosis fetalis are disorders of 

the fetal and neonatal periods mediated by pathogenic maternal IgG [51-53]. In such instances, 

the apparent inability of FcRn to discriminate between pathogenic IgG and those mediating 

protective immunity results in the transfer of IgG with binding specificity directed against 

endogenous antigens expressed by fetal and neonatal cells. From a therapeutic standpoint, 

inhibition of FcRn-mediated transfer of pathogenic maternal IgG could prevent specific disease 

processes in infants and children.  

     The idea that FcRn can transport IgG-antigen immune complexes is not new [16;17]; 

however, the concept that FcRn can mediate the absorption of maternal IgG anti-IgE/IgE 

immune complexes is novel.  Importantly, because FcRn is expressed within the human 

placenta, our findings raise the possibility that FcRn may mediate the transplacental passage of 

IgG anti-IgE/IgE immune complexes. Although it is generally accepted that IgG is the only 

maternal antibody isotype capable of crossing the placental barrier, our results imply that in 

situations where high levels of maternal IgE and IgG anti-IgE co-exist, the formation of IgG anti-

IgE/IgE immune complexes may occur with the potential for transplacental passage. A similar 

situation has been reported for the transplacental passage of exogenous insulin from mother to 
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fetus, mediated by IgG anti-insulin/insulin immune complexes [21]. These findings are 

particularly relevant because like free IgE, the human placenta is impermeable to free insulin 

[54]. Furthermore, the insulin transferred to the fetus retains its biologic activity, as cord blood 

insulin concentrations correlate with development of fetal macrosomia [21].  Given that IgG 

anti-IgE/IgE immune complexes are found in a large percentage of atopic adults [41], we 

speculate a similar mechanism exists for the transplacental passage of maternal IgE, mediated 

via FcRn. Additional studies are needed to substantiate this hypothesis, however if confirmed 

may provide the basis for subsequent efforts focused on reducing maternal IgE transmission as 

a means of allergy prevention.  
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FIGURE LEGENDS 

Figure 1.  Absorption of OVA-specific maternal antibodies was dependent on offspring FcRn. 

Serum concentrations of OVA-specific IgG1 or IgE antibodies in (A) allergic foster mothers and 

(B) FcRn+/+,  FcRn+/-, or FcRn-/- breastfed offspring are shown. Serum concentrations of OVA-

specific IgG1 were significantly lower in FcRn-/- offspring when compared to FcRn+/+ or FcRn+/- 

offspring. OVA-specific IgE was detected in the serum of FcRn+/+ and FcRn+/- offspring, but not in 

the serum of FcRn-/- offspring. Similar results were obtained in 2 additional experiments. *** P < 

0.001. 

Figure 2. Correlation between serum concentrations of (A) IgG1 anti-IgE/IgE immune complexes 

and (B) OVA-specific IgE in allergic foster mothers and FcRn-sufficient breastfed offspring. Data 

represents results obtained at weaning in 18 allergic foster mothers and 54 FcRn-sufficient 

breastfed offspring. Results for offspring are grouped per litter and expressed as mean ± SEM.  

Figure 3. FcRn-sufficient neonatal mice absorbed allergen-specific IgE when fed as IgG1 anti-

IgE/IgE immune complexes. (A) Western blot analysis of antibody mixtures confirming the 

formation of immune complexes. Molecular weight markers are in kDa. (B) Neonatal mice fed 

IgG1 anti-IgE/IgE immune complexes absorbed TNP-specific IgE systemically. (C) Neonatal mice 

injected with IgG1 anti-IgE/IgE immune complexes or IgE alone absorbed TNP-specific IgE 

systemically. The number of mice in each group is included. * P < 0.05, ** P ≤ 0.01. 

Figure 4. The ability to absorb IgE when fed as IgG1 anti-IgE/IgE immune complexes was 

dependent on FcRn. Tracer OVA-specific IgG1 was absorbed more efficiently into the systemic 

circulation of FcRn+/- neonatal mice as compared to FcRn-/- neonatal mice. FcRn expression was 
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required for neonatal mice to absorb TNP-specific IgE when fed as IgG1 anti-IgE/IgE immune 

complexes. * P < 0.05, ** P ≤ 0.01. Similar results were obtained in one additional experiment.  

Figure 5. Serum obtained from neonatal mice previously fed IgG1 anti-IgE (B1E3)/IgE immune 

complexes passively sensitized RBL cells. RBL cells on the same plate were preincubated with 

control IgE or serum obtained from 3 neonatal mice per group. Degranulation was induced by 

the addition of TNP-OVA. RBL cells preincubated with serum obtained from neonatal mice fed 

IgG1 anti-IgE (B1E3)/IgE immune complexes released significantly greater amounts of β-

hexosaminidase than those preincubated with serum obtained from neonatal mice fed isotype 

control and IgE, or IgG1 anti-IgE (B1E3) alone. *** P < 0.001. Similar results were obtained in 

one additional experiment. 
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