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Medium-molecular peptide drugs, containing non-proteinogenic amino acids (NPAs) and forming unique
secondary structures, offer superior therapeutic effects unachievable with conventional small-molecular or protein drugs.
These peptides strongly bind to target molecules, acting more selectively and reducing side effect risks. Furthermore,
chemical synthesis avoids production cost issues, positioning these peptide medicines as potential next-generation
innovative drugs.

However, practical application faces challenges, such as developing high-quality manufacturing methods.
Quality control during manufacturing is crucial, as the amino acid sequence and the structure significantly influence
medicinal effects. Additionally, quality and safety evaluation methods must be established based on the characteristics of
NPA-containing peptides. Conventional evaluation methods may inadequately assess peptide drug properties, necessitating
new evaluation methods. In response, this study selected intracellular target peptides as models for quality and safety
evaluation of peptide medicines. Specifically, studies were conducted on (1) peptide synthesis, (2) peptide quality
characterization, and (3) safety evaluation. Furthermore, based on these findings and overseas regulatory trends, (4) draft
guidelines for quality and non-clinical safety assessment of peptide medicines were developed.

(1) This study investigated process control in the production of MDM2/MDMX-p53 inhibitory peptides and -
catenin/TCF inhibitory peptides. The synthetic conditions, including resin, reagents, temperature were explored primarily
using solid-phase methods. Produced impurities were isolated, identified, and provided as samples for quality
characterization and safety evaluation. It is known that in peptide production, not only the peptide chain elongation
conditions but also the cleavage conditions from the resin, depending on the type and sequence, can affect the impurity
profile. Therefore, to ensure the quality of peptide pharmaceuticals, the cleavage conditions from the resin were optimized,
and the resulting peptide-related impurity profiles were evaluated. Additionally, to investigate the presence and extent of
drug interactions with the structural properties and membrane permeability of peptides, several peptide drug candidates
with different structural characteristics were selected and synthesized for evaluating the inhibitory effect of peptides on
drug transporters. Furthermore, dozens of NPAs were purchased or synthesized to create a 'standard compound panel' of
frequently used NPAs in peptides. The results of each evaluation are described in sections (2) and (3).

(2) This study aimed to organize quality assessment requirements for peptide medicines considering existing
quality control methods. Reversed-phase liquid chromatography with ultraviolet detection (C18-RPLC/UV) and other
techniques were used to analyze pilot-manufactured MDM2/MDMX-p53 inhibitory peptides. Chromatographic pattern
analysis was performed to clarify the impurity profile and confirm the separation and detection of peptide-related
impurities, such as analogues with cyclic structures and structural isomers. Long-term storage and degraded samples
(acid/alkali, heat, and photo-irradiation treatments) of the peptides were prepared for structural analysis by C18-RPLC/UV
and liquid chromatography/mass spectrometry. The major peptide-related impurities identified were protective group-
derived component (CO») adducts and two deamidated forms. Analysis of long-term storage samples showed a decrease
in the CO2 adduct and an increase in the deamidated form, while degraded sample analysis revealed a slight increase in
the oxidized form and structural isomers. In addition, one of the two deamidated forms, the deamidated form of the C-
terminal carboxylic acid amide, might be more effective in inhibiting cell growth than the active ingredient. These results
suggest the importance of assessing the relationship between the structure and biological activity of peptide-related
impurities as a quality assessment requirement for special cyclic peptides.

(3) The study aimed to propose a new evaluation method to predict human safety, which cannot be predicted by
conventional non-clinical animal model methods, by experimentally verifying cytotoxicity and off-target effects. The
safety of active peptide ingredients and impurities, particularly metabolites derived from NPAs, was evaluated. Results
showed that model peptides exhibited cytotoxicity only at high concentrations above 30 pM, while impurities showed
weaker cytotoxicity. Peptides substituted with natural amino acids also displayed toxicity on a case-by-case basis.
Additionally, toxicity derived from steric structure was identified. Gene expression variation analysis using microarrays
indicated that deleting three amino acids could result in new off-target gene expression changes. A cytotoxicity assessment
screen of NPAs identified several critical amino acids, leading to the creation of a 'standard compound panel.' The study
also investigated potential drug interactions of cell-permeable peptides. Model peptides showed little metabolism by drug-
metabolizing enzymes and minimal inhibition of metabolic enzymes. However, inhibition of four major drug transporters
was observed, suggesting the possibility of transporter-mediated drug interactions. Nineteen out of 37 peptides showed
inhibitory effects on transporters, emphasizing the need for their evaluation in developing cell-permeable peptides.
Substrate analysis revealed that all peptides were substrates for OATP1B1, but none were substrates for p-gp and BCRP.
These results highlight the importance of detailed evaluations of NPAs and cell-permeable peptides for accurate safety
predictions in humans.



(4) The quality group comprising peptide experts from industry, government, and academia was organized to
draft the 'Guidelines for Quality Assurance of Medium Molecular Weight Peptide Drugs'. Specific examples of impurities
were collected through literature surveys and academic information. The latest information related to overseas regulatory
authorities and local laws was organized, and appropriate management strategies were discussed. Additionally, information
on the characteristics of recently developed mid-molecular peptides was compiled, and requirements for ensuring the
quality of APIs were examined in line with the concept of quality risk management. Various ICH guidelines on
pharmaceutical quality were used as main reference materials. Relevant overseas documents, such as the US
Pharmacopoeia <1503> 'Quality Attributes of Synthetic Peptide Drug Substances', the European Pharmacopoeia 'General
Monograph Substance for Pharmaceutical Use', and the EMA draft guidelines 'Guidelines on the Development and
Manufacture of Synthetic Peptides', were also referenced. Specific requirements for mid-molecular weight peptides were
organized based on these documents. Through these activities, a draft guideline on the quality assessment of synthetic
peptide medicinal products was completed.

The non-clinical safety group, comprising peptide experts from industry, government, and academia, organized
review reports and papers on approved peptide products, findings on other modalities, findings from the Wet study, as well
as opinions from industry associations and others. They completed a draft guideline on "Non-clinical Safety Assessment of
Peptide Drugs'. The draft guideline consists of three chapters: 1) Introduction; 2) Non-clinical safety studies; and 3) Each
section.



