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Innovative designing for therapeutic agonists using single domain antibody
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Antibody drugs can be divided into two main categories: antagonistic antibodies and agonistic
antibodies. These two types of antibodies have different mechanisms of action and therefore require
different development strategies. For example, an antagonistic antibody can be obtained simply by
targeting an epitope in the ligand-binding domain to block the receptor—-ligand interaction. An
agonistic antibody, on the other hand, must meet a more complicated requirement: it must be able
to induce the active conformation of a target molecule. Agonistic antibodies are difficult to
develop due to low hit rates, so a tedious in vitro screening of a large number of clones should
be performed. If a logical method for generating an antagonist antibody can be established, it
will not only enable the generation of agonistic antibodies against a wider range of targets, but
also drastically reduce labor and cost.

The purpose of this study is to validate our methodology of a logical designing agonistic
antibodies by taking advantages of the characteristics of the variable heavy chain (VHH) domain
derived from camelid single domain antibodies. We targeted 0X40, a member of the tumor necrosis
factor receptor superfamily, as 0X40 has been shown to enhance the activity of anti—tumor T cells
upon activation and is a promising target for cancer immunotherapy.

We first generated a VHH library of approximately 100, 000 clones covering the entire surface of
the 0X40 molecule by phage display. We also generated a VHH library that recognizes the 0X40-0X40L
complex, and by comparing the two libraries, we identified VHH clones that recognize the 0X40-
0X40L binding domain. These VHH clones were classified into 28 major clusters by clustering analysis
Thirty—seven representative clones from 11 clusters were selected, and 14 clones with higher
binding affinity to 0X40 were identified. Among these, four clones were further selected based on
the results of an NF-k B reporter assay. These four clones also showed an enhancing effect on human
primary T cell proliferation and cytokine production.

We finally selected clone #1, which had the highest 0X40 activation activity, and created a
trimerized VHH antibody to enable it to induce the 0X40 activation signal in a soluble form. VHH
antibodies are known to have a very short half-life in vivo. Therefore, a heterotetramer was
generated by linking the VHH clone #1 trimer to an anti-serum albumin VHH antibody. The
heterotetramer displayed remarkably prolonged half-life in vivo. The in vivo effects of the VHH
heterotetramer were evaluated using NOG mice inoculated with lymphoma cell lines treated with CD19
CAR T cells. Mice treated with the VHH heterotetramer showed significantly delayed tumor progression
and prolonged survival compared to control mice

Structural analysis revealed that the VHH clone #1 bound to 0X40 with a wide surface spanning
from CRD1 to CRD4, mimicking the binding mode of OX40L, the physiological ligand for 0X40. This
finding suggests that it may be logical to target an epitope in the binding domain of the
physiological ligand to efficiently develop an antagonistic antibody.

Taken together, our methodology, which exploits the advantages of VHH antibodies, minimizes the
number of antibody clones required for in vitro screening and can accelerate the development of
agonistic antibodies. Our study demonstrated that VHH technology is a powerful tool for generating

antibody drugs with specific functions against a variety of targets



