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In 1993, the Vrije Universiteit Brussel (Brussels, Belgium) discovered in the blood of 
camelidae antibodies consisting of only a heavy chain. Due to the lack of the light chain only 
the variable part of the heavy chain is important for antigen binding. 

This variable part of these heavy-chain-only antibodies is a good candidate as a targeted 
therapeutic radiopharmaceutical and was called a nanobody, having a molecular weight of 
about 15 kDa. Its dimensions are included in between the small peptides like derived from 
e.g. somatostatin, and the classical monoclonal antibodies. This makes that some 
characteristics like the physical behaviour, the chemical stability, the penetration in tumour 
and in healthy tissues, and the blood clearance lie in between the characteristics of the small 
peptides and the monoclonal antibodies, therefore taking advantage of both extremes. 
Nanobodies have been humanised to decrease the immunogenic response. 

The building blocks of molecules such as the octreotide, nanobodies and monoclonal 
antibodies are amino acids linked via peptide bonds. The modification reactions are therefore 
all based on the same "peptide chemistry". The functional groups on the present amino acids 
will determine the possible reactions.  

In order to link a radionuclide to the nanobodies, we opted to use bifunctional ligands 
containing DOTA, because this is a suitable chelating agent for the diagnostic radionuclide 
Ga-68, and for therapeutic radionuclides such as Lu-177 and Y-90, covering short and long 
range β-particle emitters suitable for attacking a wide range of tumour sizes.  

The ratio of bifunctional ligand to nanobody can be varied by carefully selecting the 
functional groups of the peptide involved in the reaction with the bifunctional ligand, 
avoiding the complementarity determining region (CDR), i.e. the part of the molecule binding 
to the antigen. This is a first way to predetermine the amount of radionuclides that can be 
linked to the peptide, or the theoretical dose that can be given to the tumour by one peptide. 

Another way to steer the dose per peptide is the complexation yield and the specific activity 
of the radionuclide. For tumours having small amounts of tumour associated receptors or 
antigens, saturation of the target mechanisms can be compensated using radionuclide 
solutions with high specific activities resulting in a high radionuclide – to – peptide ratio.  

In this presentation, we will present the modification of nanobodies with DOTA based 
bifunctionalised ligands under several conditions, to understand how a radionuclide – to – 
peptide ratio can be altered by focusing on the reaction conditions. The chemical 
characterisation will be based on spectroscopical and spectrometrical techniques as well as on 
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chromatographic techniques. Complexation reactions with natural and radioactive 177Lu(III) 
will be performed too, and will be monitored with cold analytical techniques as well as by 
measuring the radioactivity. The way to steer the dose will be discussed. The presentation will 
be prepared in such a way that the chemical explanations are of use for all types of peptides. 


