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Project Title
“Post-antibody Drugs: Generation of Molecular-targeting Peptides by Directed Evolution in Phage-
displayed Libraries of Conformationally Constrained Peptides”
Summary

Antibodies are indisputably the most successful reagents in molecular-targeting therapy. However, use of antibodies
has been limited due to the biophysical properties and the cost to manufacture. To enable new applications where antibodies
show some limitations, we have developed an alternative-binding molecule with non-immunoglobulin domain. The molecule
is a helix-loop-helix (HLH) peptide. In this project, we have screened cell-surface displayed libraries of HLH peptides against
disease-related proteins to generate the molecular-targeting peptides, that show antibody-like functions. The HLH peptide
shows a strong binding affinity and high specificity for targeted proteins, and a long half-life (>2 weeks) in mouse sera,
proving an enzyme-resistant property. Furthermore, immunization of the peptide to mice showed no induction of the antibody
titer (non-immunogenic).

Construction of phage- and yeast-displayed libraries of conformationally constrained peptides: Since the helix-
loop-helix (HLH) peptide folds by virtue of the interactions between the amino acid residues (8 leucine) positioned inside the
molecule, the outside solvent-exposed residues are possible to be mutated with a variety of amino acids to give a library of
the helix-loop-helix peptides. We constructed the phage-displayed libraries with different randomized positions.

Generation of molecular targeting HLH peptides for CTLA-4: Cytotoxic T lymphocyte antigen-4 (CTLA-4)
downregulates immune responses of cytotoxic T-cells by interaction with B7-1. To induce immune stimulatory activity, we
used directed evolution methods to generate a HLH peptide that binds to CTLA-4, inhibiting the CTLA-4-B7-1 interaction
and inducing immune stimulatory activity. Yeast-displayed libraries of HLH peptides were screened against CTLA-4 to give
a binding peptide, ERY2-4. The peptide specifically bound to CTLA-4 with a KD of 196.8 + 2.3 nM. Furthermore, ERY2-4
inhibited the CTLA-4—B7-1 interaction with an IC50 of 1.1 £ 0.03 uM and blocked the interaction between CTLA-4 and
dendritic cells (DCs) presenting B7 on their surface. Importantly, ERY2-4 showed no cross-reactivity against CD28,
suggesting it does not suppress T-cell activation. Finally, in a mixed lymphocyte reaction assay with DCs and T cells, ERY2-
4 enhanced an allogeneic lymphocyte response. Since CTLA-4 is a critical immune checkpoint for restricting the cancer
immune response, this inhibitory HLH peptide represents a new class of drug candidates for immunotherapy.

A “ligand-targeting” peptide-drug conjugate: As a new alternative to antibody-drug conjugates, we generated
“ligand-targeting” peptide drug conjugates (PDCs), which utilize receptor-mediated endocytosis for targeted intracellular drug
delivery. The PDC makes a complex with an extracellular ligand and then binds to the receptor on the cell surface to stimulate
intracellular uptake via the endocytic pathway. A helix-loop-helix (HLH) peptide was designed as the drug carrier and
randomized to give a conformationally constrained peptide library. The phage-displayed library was screened against vascular
endothelial growth factor (VEGF) to yield the binding peptide M49, which exhibited strong binding affinity (KD = 0.87 nM).
The confocal fluorescence microscopy revealed that peptide M49 formed a ternary complex with VEGF and its receptor,
which was then internalized into human umbilical vein endothelial cells (HUVECs) via VEGF receptor mediated endocytosis.
The backbone-cyclized peptide M49K was conjugated with a drug, monomethyl auristatin E, to afford a PDC, which inhibited
VEGF-induced HUVEC proliferation. HLH peptides and their PDCs have great potential as a new modality for targeted
molecular therapy.

Molecular design of small organic molecules based on structural information of HLH peptides: Despite intense
research into the design of small ligands that target protein—protein interaction interfaces, a novel methodology for the rational
design of such ligands remains an elusive goal. To design such ligands, we have examined the directed evolution of a phage-
displayed library of HLH peptides. Screening of the library against targeted proteins should provide bioactive HLH peptides,
whose rigid structures indicate the required spatial orientation of the pharmacophores, thus facilitating structure-based design
of peptidomimetics. We have applied our method to ligand design for granulocyte colony stimulating factor (G-CSF) receptor

to generate two small organic molecules binding to the receptor.
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