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Development of systematic methods to select biparatopic antibodies using epitope-equalized antibody

panel
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Biparatopic antibody (BpAb) is a bispecific antibody using two variable fragments (Fv) binding two different epitopes of a
single antigen. In this research, we developed a method to design and select BpAbs efficiently using our original epitope

normalization technique.

1. Development of BpAb screening format. For this purpose, we developed an efficient method to screen IgG-like bivalent
BpAbs from multiple combinations of Fv. To avoid contamination of homo-bivalent side product, we selected a method to
produce IgG-like BpAb by intein-mediated protein trans-splicing (IMPTS). First, we optimized heterodimeric Fc
production method by disulfide-linked knobs-into-holes from allotypic variations (Akiba et al, Antib. Ther. 2019, 2, 65-69).
Second, IMPTS was optimized to generate highly symmetric IgG-like bispecific antibody (Akiba et al, Sci. Rep. 2021, 11,
19411). In our optimized method, homo-bivalent side product is not produced in principle. By setting up the final
purification step using size-exclusion chromatography, high purity of the product is guaranteed without optimization of the

purification steps by each BpAb. Highly efficient system for BpAb screening was successfully developed.

2. BpAb panel for TNFR2. TNFR2 is activated by the formation of cluster on cell membrane through binding to trimeric
ligand, TNFa. TNFR2 is expressed on certain subsets of lymphocytes including regulatory T cells (Tregs), and its signaling
is related to the proliferation of Tregs. TNFR2 is thus expected as a drug target in oncology and immunology. We first
obtained five antibodies (TR45, TR92, TR94, TR96, TR109) that bind different epitopes of TNFR2. Epitopes of the
antibodies were determined using 18 mutants. From the five antibodies, ten BpAbs were generated. Biological activity of
these antibodies was evaluated using reporter cells. All five conventional IgG antibodies (cIgGs) were moderately agonistic,
while one clgG, TR109, was an antagonist. On the other hand, six BpAbs were strong agonists, and two BpAbs were strong
antagonists. One antagonist, Bp109-92, did not show agonistic activity.

To gain mechanistic insights of these activities, we analyzed the size of immunocomplexes formed by clgGs and BpAbs
with TNFR2 by size-exclusion chromatography with multi-angle light scattering detector (SEC-MALS).
Immunocomplexes of bivalent clgGs with TNFR2 were 220 kDa, corresponding to 1:2 complex as expected. Agonistic
BpAbs formed large complexes ranging mainly from 200 to 500 kDa including 2:2 to 3:3 complexes. In contrast,
antagonistic Bp109-92 exclusively formed 180 kDa complex corresponding to 1:1 complex. Similar observation was found
in mass photometry. Size of immunocomplex strongly affected the agonistic activities of the antibodies. Combined with
the information on the epitope sites, potential design strategy for agonistic or non-agonistic BpAbs was developed.
Structural analysis in cryo-electron microscopy revealed that strong antagonist, Bp109-92, utilize both Fvs for binding
TNFR2 to afford strong interaction. In addition, TNFa-dependent proliferation of CD4"TNFR2" cells and
CD4*"CD25"Foxp3* Tregs among peripheral blood mononuclear cells was inhibited. These observations support the
potential of Bp109-92 developed into a biotherapeutics (Akiba et al, bioRxiv 2022, doi:10.1101/2022.12.15.520217).

3. Structure-activity relationship of anti-TNFR2 BpAbs. In Section 2, BpAbs were produced by a screening-optimized by a
method described in Section 1. We evaluated some of BpAbs by using different bispecific formats. Similar observations
were found for commercially developed bivalent IgG-like formats as in Section 2 both in case of a strong agonist and an
antagonist. However, tetravalent BpAb showed strong agonistic activities even when Fv pairs used for antagonist was used.

Structural modification also resulted in the alteration of an agonistic BpAb into an antagonist.

4. BpAb panel targeting CD30. CD30 is a member of TNF receptor superfamily proteins which are activated in a similar
mechanism as TNFR2. We obtained 36 BpAbs using Fvs from nine antibodies binding different epitopes of CD30. When



their biological activities were evaluated using reporter cells, strong agonists and antagonists were found. Contrary to the
observation in TNFR2, many BpAbs were antagonists, probably reflecting flexibility of CD30 molecule and the existence
of gene duplication in the extracellular region of CD30. Observation in SEC-MALS analysis was consistent with the
biological activity as observed in the case of TNFR2. Because CD30 is a target of antibody-drug conjugate (ADC),
Brentuximab vedotin, potential applicability of the BpAbs for ADC was analyzed using a secondary immunotoxin. Many

BpAbs were found to show similar potential as cAC10, an original antibody of Brentuximab vedotin.

5. Summary. We developed multiple BpAbs against TNFR2 and successfully revealed the mechanism of action in a structure-
activity relationship. Common working mechanism of BpAbs against TNF receptor superfamily proteins was suggested,
and design strategy of BpAbs was established. Similar design may be possible for any target controlled by cluster formation,

and this fulfils the aim of this AMED project for the development of drug design strategies.



