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Nanobody-based human antibody formats act as IgE surrogate

in hymenoptera venom allergy

To the Editor,

For the canonical antibody isotypes, antigen recognition is driven
by the variable regions of both heavy and light chains. In contrast,
single-domain antibodies or nanobodies (nb) are the antigen-binding
moiety of heavy chain only antibodies occurring in camelid species
and cartilaginous fish.%? Their small-size, high-yield production,
and stability render nanobodies versatile building blocks for the
development of binders and unorthodox activatory or inhibitory
multi-domain derivatives.® In the allergological context, single na-
nobodies were used as anti-IgE molecules and as binding moiety for
aIIergens.“'5

Our aim was to generate allergen-specific nanobodies and es-
tablish a nanobody-based IgE format in the context of hymenop-
tera venom allergy (Figure 1A,B). In venome-allergic patients, the
IgE response is typically directed to a set of major and minor aller-
gens.® The best-characterized and most abundant honeybee venom
(HBV) allergens are phospholipase A2 (Api m 1) and hyaluronidase
(Api m 2) (Figure S1A). Therefore, native Api m 1 and recombinant
Api m 2 were used for llama immunization (Figure S1B,C). Immune
libraries were generated from peripheral blood mononuclear cells.
Enrichment by phage display and immunoreactivity of individual
phage clones was shown by ELISA (Figure S2). After expression and
purification from bacterial supernatant, the nanobodies showed the
expected molecular masses in SDS-PAGE and immunoreactivity to
their target in ELISA (Figure S3A-C).

Exemplary nanobodies against Api m 1 (AM1-1 and AM1-3) and
against Api m 2 (AM2-A1 and AM2-C2) were then converted into
homodimeric IgE formats by fusion to IgE CH2-4 domains. After
purification from supernatant of stably transfected HEK293 cells,
SDS-PAGE and immunoblotting analyses corroborated proper di-
merization of the nb-IgE (Figure 1C, Figure S4). Expression yields

of 10-20mg/L pointed at a favorable performance of the nb-IgE in
mammalian hosts as compared to the limited yields often observed
for entire IgE antibodies.” The nb-IgEs remained reactive to both
their particular target allergen and the FceRla in ELISA (Figure 1D).

The antibodies exhibited sIgE reactivity in Euroline assays to
HBV and individual allergens without cross-reactivity to other HBV
or yellow jacket venom allergens (Figure 2A,B). Furthermore, indi-
vidual nb-IgE clones were applied on the ImmunoCAP test system.
Concentration-dependent slgE reactivity was detected for Api m 1,
Api m 2, and HBV (Figure 2C) corresponding well to the total IgE
levels. The slgE reactivity against Api m 1 was found highly compa-
rable to that of HBV. In contrast, a clearly reduced IgE reactivity to
HBV compared with the component Api m 2 pointed toward a lower
sensitivity of HBV for patients with sensitization to Api m 2 possibly
due to a limited accessibility of immunoreactive Api m 2 in the test.
Furthermore, an oligoclonal artificial human serum was established
by combining the 4 nb-IgE against Api m 1 and Api m 2 in equimo-
lar concentration. Assessment of slgE reactivity verified the added
sIgE levels for HBV, Api m 1, and Api m 2 (Figure 2D). Notably, the
reduced slIgE level for HBV reflected the reduced reactivity of the
individual Api m 2-specific nb-IgE to HBV. Hence, artificial sera com-
prising molecularly defined IgE surrogates of adjustable concentra-
tion might replace human sera in applications such as assessment of
diagnostic test systems, round-robin tests, and diagnostic and ther-
apeutic extracts, but also mechanistical analyses in basic research.

In summary, we have established nanobodies as a toolbox for
the generation of important downstream formats like the novel nb-
IgE. This platform also paves the way for the generation of other
formats including blocking IgG formats, and hence, has the potential
to provide advanced tools for diagnostics, functional analyses, and
interventional studies.
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FIGURE 1 Generation of nanobody-based human IgE against nApi m 1 and rApi m 2 (A, B) Schematic representation of the nanobody
generation. Upon immunization of llamas with nApi m 1 and rApi m 2, immune repertoire libraries were generated and selected by phage
display. Nanobody-based human IgEs (nb-1gEs) were then generated by fusion of obtained allergen-specific nanobodies to the Fc domains
of human IgE. (C) SDS-PAGE and immunoblotting analysis of purified nb-IgEs under non-reducing (NR) and reducing (R) conditions. The
recombinant nb-IgE were detected using an anti-IgE antibody conjugated to alkaline phosphatase. (D) The immunoreactivity of purified nb-
IgEs was further assessed in ELISA. Binding to immobilized allergen or FceRla was detected using an anti-IgE antibody conjugated to alkaline
phosphatase. Data are mean +s.d. of triplicates
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FIGURE 2 IgE measurements on diagnostic platforms. The immunoreactivity of purified nb-IgE was further assessed in commercial

test platforms. (A and B) Euroline assay. (C) ImmunoCAP measurements of tIgE and sIgE were performed for dilution series of the four
different nb-1gEs. (D) ImmunoCAP measurements of an oligoclonal serum substitute comprising the four different nb-IgEs. Values are single
measurements
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