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The impact of maternal-fetal omalizumab transfer on peanut-
specific responses in an ex vivo placental perfusion model

To the Editor,
The transport of maternal IgG to the fetus is mediated by neona-
tal Fc receptors (FcRn) expressed on the placenta, which provides 
passive immunity in utero. Humanized monoclonal antibodies such 
as omalizumab bind to FcRn and are transferred to the fetus.1 

Recently, Bundhoo et al. provided in vitro data of FcRn-mediated 
anti-IgE IgG/IgE immune complexes, suggesting a mechanism for 
IgE transfer across the placenta to the fetus.2 As IgG-bound al-
lergens are also known to cross the placenta,3 it is important to 
understand the impact of omalizumab, one of the most frequently 
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Abbreviations: BAT, basophil activation test; FcRn, neonatal Fc receptors; Oma, omalizumab.

F I G U R E  1  Transfer of Omalizumab and Peanut protein across the placental barrier. (A) In the human placental ex vivo model sample 
in-flow (artery) and out-flow (vein) are recorded to and from the placental tissue. (B) Omalizumab and (C) peanut extract transfer kinetics as 
percent change from maternal artery to fetal vein detected via ELISA.
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prescribed monoclonal antibodies to treat severe asthma in repro-
ductive age.

We report the use of a state-of-the-art ex vivo human placental 
perfusion system (Table S1)4 to investigate the impact of omalizumab 
on the transport of peanut allergen and IgE across the placenta 
(Figure 1A). We compared the transport of omalizumab (Oma), pea-
nut extract (PE), PE/peanut-allergic plasma (PA), and PE/PA/Oma. 
The kinetics and functionality of the transported allergen were ex-
amined in vitro (Table S2, see Online Repository for a detailed de-
scription of methods), by sampling perfusates collected at different 
time points ranging from 0 to 240 min. Ara h 2 as a proxy of peanut 
protein transfer was measured by ELISA (Indoor Biotechnologies, 
Virginia, USA; EPC-AH2-X). Basophil activation tests (BAT) were 
performed with sampled perfusates to determine the functionality 
of the transferred peanut allergens.

Transported Oma was detected in the fetal compartment after 
15 min and relative levels steadily increased until the end of the 
experiment (240 min, Figure  1B), consistent with previous stud-
ies reporting linear, concentration-dependent maternal-fetal an-
tibody transfer.5 In parallel, PE protein was detectable at the fetal 
side within the first 5 min of tissue perfusion (Figure 1C), reached 
the maximum concentration (0.3% of the maternal reservoir) after 
90 min, and remained stable thereafter. Ara h 2 transport has been 
proposed to follow the endosomal/lysosomal pathway, independent 
of Fc receptors, with a synergistic uptake via caveolin-mediated 
endocytosis and micropinocytosis.6 Thus, FcRn-mediated omali-
zumab transfer and uptake may be slower, attributable to recycling 

processes. However, endocytosis/micropinocytosis mediated up-
take of Ara h 2 may be faster and further enhanced by additionally 
formed endosomes carrying IgG in the presence of omalizumab.

To compare the degree to which FcRn might facilitate the trans-
fer of allergen-IgG complexes across the placenta, we examined Ara 
h 2 transfer in the presence (PE/PA) or absence (PE) of plasma from 
peanut-allergic individuals, with (PE/PA/Oma) and without omali-
zumab (Figure 2A). PE/PA crossed the placenta with a moderate rise 
of Ara h 2 levels at the fetal side after 120 min, comparable to PE 
alone (1.03 ng/ml). Extending the perfusion time to 240 min resulted 
in a near twofold increase (3.82 ng/ml) of PE via PE/PA/Oma vs. PE/
PA (1.97 ng/ml).

The transferred peanut proteins were fully capable of crosslink-
ing IgE as confirmed via BAT (Figure 2B). The higher degree of baso-
phil activation matched the extent of Ara h 2 transfer. We confirmed 
that perfusion medium alone did not activate basophils (Figure S1). 
Furthermore, evidence for omalizumab-driven IgE transfer resulting 
in free IgE with possible functionality was assessed via incubation of 
stripped basophils with perfusates. We could not find evidence for 
IgE binding to basophils from these eluates (Figure S2).

In conclusion, functional peanut allergen is actively transported 
across the human placenta and this process may be enhanced by 
omalizumab. Active transfer of free IgE to the fetal side due to FcRn-
mediated complex formation was not observed. Further studies are 
needed to better understand how allergen-antibody complexes af-
fect allergen-specific priming in the fetus with and without biologi-
cal usage during pregnancy.

F I G U R E  2  Placental peanut allergen transfer in the context of plasma from allergic individual and omalizumab. (A) Ara h 2 concentrations 
(ng/ml) in fetal vein and artery samples were determined by ELISA in PE alone (dashed line, 1.03 ng/ml) and PE/PA compared to PE/PA/Oma 
experiments. (B) Basophil activation tests were conducted by flow cytometry to assess the functionality of transferred allergen. Activation 
levels are expressed as %CD63+ basophils in PE, PE/PA, and PE/PA/Oma experiments.
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