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Development of technology for bispecific antibodies composed of cyclic single-chain antibodies
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Various antibody drugs are currently used in clinical, and new antibody drugs are under development. However, the targets
of antibodies are limited to the extracellular space, depletion of target molecules has been pointed out. Development research
is shifting from the normal IgG type antibody drugs to the next-generation antibodies that require sophisticated technologies.
The next-generation antibody drug involves BiTE antibody (bispecific T-cell Engager), antibody-drug conjugate (ADC),
biparatopic antibody and small antibody (single chain Fv (scFv) and VHH antibody). Of these, the BiTE antibody, which
efficiently kill cancer cells by transiently cross-linking cancer cells and T cells, are one of the plausible targets for drug
discovery.

Single chain Fv antibodies (scFv) are low molecular weight antibodies with a molecular weight of 27,000 consisting of the
variable regions (VH and VL domains), which are connected by a flexible peptide linker. In general, scFv antibody can be
expressed by using microorganisms such as E. coli, and can be prepared in a shorter time as compared to IgG type antibody,
which is usually expressed by using eukaryotic cells (e.g., CHO cells). Moreover, small molecular size of scFv enables easy
genetic manipulation and engineering to produce highly functional molecules. Therefore, scFv antibodies are regarded as a
useful component for construction of BiTE antibodies. On the other hand, scFv antibodies are in equilibrium between the
"closed state" in which VH and VL are assembled and the "open state" in which VH and VL are dissociated in solution, and
the "open state" form tend to form oligomers and even larger aggregates through intermolecular molecular VH-VL interactions.
This aggregation propensity of scFv protein causes serious problems such as reduced homogeneity and immunogenicity,
which prevents the practical use of scFv antibodies. The principal investigators of this research have created a cyclic scFv by
linking the N- and C-termini of the scFv with a peptide linker, and have discovered an innovative molecule that solves the
aggregation problem without disrupting antigen binding affinity and without largely increasing molecular size. Cyclic scFv,
however, does not possess N- and C-terminus, making it difficult to create fusion proteins. The objectives of this research
project are to (1) develop a chemical ligation method to process cyclic scFv into bispecific antibodies and (2) establish cyclic

scFv as a new small molecule bispecific antibody format by evaluating its biological activity.

To achieve the above research objectives, the following 1-4 techniques were established in this research project.

1. Establishment of an E. coli expression system suitable to produce cyclic scFv.
2. Development of a separation method for maltose-binding proteins by using gelatinized starch.
3. Development of a fast method to design thermostable scFv mutants based on the computational chemistry.

4. Development of processing technology of cyclic scFv into BiTE antibody using bismaleimide linker.



