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研究成果の概要（和文）：私はPET診断試薬をより低コストで合成する方法を開発しました。 この方法は幅広い
適用性があり、将来の癌診断において重要な臨床的価値を持ちます。 この方法の主なハイライトは、触媒を必
要とせずにメチオニン含有ペプチドを迅速に標識できることです。この方法でがんの診断に使用できるさまざま
な画像試薬を合成し、現在臨床評価を検討しています。

研究成果の概要（英文）：PET imaging is a highly clinically relevant technique for disease diagnosis.
 A series of PET radiotracers have been approved for clinical use. As one class of PET tracers, 
peptide-based radiotracers have many advantages due to their favorable pharmacokinetics and 
biodistribution profiles. The development of peptide-based PET tracers is emerging as one of the 
most vital task for nuclear medicine, while the direct labeling of unprotected peptides without 
prothestic group remains a challenge. 18F is an positron emission radionuclide with a decay 
hald-life of 109.8 min, showing a good matchness with the biological half-life of peptides. In this 
context, the radiolabeling of peptide with 18F is attracting more and more attention from both 
industry and acedamia. In this project, we developed a non-prothestic, bioconjugated method for 
direct 18F labeling of unprotected peptides with methionine residues.The method is generally 
applicable for radiolabeling any Met-containing peptides. 

研究分野：放射線科学関連

キーワード： peptide　fluorine 18　radiolabeling　PET　cancer 　diagnosis

  ４版
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研究成果の学術的意義や社会的意義
This resarch results may help develop imaging agents that can be used for disease diagnosis in 
hospticals. Our research provide a feasible method to synthesize imaging agents via an more 
financially econimic way, thus save cost for patients.Moreover, it can reduce radiation to the human
 body. 

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 

 PET imaging is a highly clinically relevant technique for disease diagnosis. 
A series of PET radiotracers have been approved for clinical use. As one class of PET 
tracers, peptide-based radiotracers have many advantages due to their favorable 
pharmacokinetics and biodistribution profiles. The development of peptide-based 
PET tracers is emerging as one of the most vital task for nuclear medicine, while the 
direct labeling of unprotected peptides without prothestic group remains a 
challenge. 18F is an positron emission radionuclide with a decay hald-life of 109.8 
min, showing a good matchness with the biological half-life of peptides. In this 
context, the radiolabeling of peptide with 18F is attracting more and more 
attention from both industry and acedamia. 
 
２．研究の目的 

Radiolabeled receptor-binding peptides/proteins represent a class of ideal 
positron emission tomography (PET) tracers due to their achievable high binding 
affinities and tunable targeting properties. However, labeling unmodified 
peptides/proteins with 18F for PET imaging is a formidable challenge because of the 
functional complexity of the unmodified peptides. The purpose of this research 
project is to develop a versatile and direct, aqueous approach for radiofluorination of 
unmodified methionine (Met)-containing peptides/proteins. Moreover, aiming to 
investigate the feasibility of this approach for clinical translation. 

 

３．研究の方法 
Specifically, 1) we propose a strategy for chemoselective radio-methionine 

bioconjugation through a redox-activated chemical tagging (ReACT), using oxaziridine-
based 18F-reagent to achieve highly selective, rapid, and robust methionine labeling 
under biocompatible reaction conditions. 2) A minimal sized prosthetic 18F reagent 
will be synthesized. The labeling condition, selectivity, substrates scope, and stability 
of prosthetic group and labeled compounds will be systematically investigated. 
Preclinical study of radiotracers labeled by this 18F-reagent will be performed for PET 
imaging. 

４．研究成果 
Based on the research design, the project includes three parts. 1, Synthesis of 18F-

labeled oxaziridine reagents; 2, 18F-fluorination of Met-containing unmodified 
peptides/proteins with oxaziridine reagents; 3, Inspection of the activity of bioactive 
molecules after 18F-flurination of Met. The purpose of each part was described as 
below. 
● Synthesis of 18F-reagents based on oxaziridine structure. Screen the labeling 
condition and optimize the HPLC separation condition. Test the stability of 18F-
oxaziridine reagent and 18F-Met labelled peptides/proteins. Increase the 
radiochemical yield of this labeling. 
● Chemoselectivity of the 18F-fluorinaiton and the scope of this reaction. 
Hexapeptides presenting different functional groups will be used to test the 
compatibility and kinetics of peptide fluorination. Met at different positions and Met-
analogs containing peptides will be used to test the substrate scope of this reaction. 
● 18F-Fluorinaiton of bioactive molecules. Selective Met-containing linear 
peptide, cyclic peptide, and stapled peptide will be labeled with the 18F reagent. Two 
representative antibodies with Met residue at the surface are selected for labeling. 
The stability after labeling and the activity after oxaziridine conjugation will be tested. 
● Preclinical study of the radiotracers labeled by the 18F reagent. The in vitro 
and in vivo performance including PET imaging of the radiotracer labeled by this 
method will be evaluated. 

 
 
 
 



Figure 2. CD133 targeting peptide was labeled with 18F via the methionine site for 

 
 

The accomplishment of project could be described as below. 
Starting from Met-containing dipeptides, I first investigated the labeling condition, 

substrate scope, selectivity, and applicability of this method. Different from the 
original design, I adjusted the synthetic part as two synthetic routes that label 18F to 
Met-containing biomolecules with high radiochemical yield was developed (Figure 1). 
The substrate scope, residue selectivity, and reaction kinetics were systematically 
examined. I then used this method to label Met-containing peptide ligands and 

 
antibodies successfully. To this end, the synthetic part of this project was completed. 
 

Figure 1. Methionine-selective 18F labeling via two yne-azide click chemistry 
strategies.  

 
Moreover, to study the clinical value of this method, I labeled a CD133 binding 

peptide using this chemoselective 18F-methionine bioconjugation. The 18F labeling did 
not change its binding ability to CD133. Moreover, the 18F-peptide shows satisfactory 
in vivo stability. I next performed PET/CT imaging with this tracer in B16F10-bearing 
C57BL/6J mice. The tracer shows specific accumulation in tumors. So far, I have 
finished all experiments in this work. 

cancer stemness imaging. 
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