
 (1) Executive summary LIVIMODE no. 241919 

A major gap in molecular imaging approaches is the availability of target-specific and tissue-

specific imaging probes. Molecular information of relevance for a multitude of diseases are often 

associated with an up-regulation or activation of specific disease-related factors. Among such disease-

related factors, proteases are a class of enzymes, which is frequently highly up-regulated. The 

combination of their high disease-specific expression levels with their ability to cleave substrates at 

high turnover rates renders proteases attractive targets for imaging probes. Cleavage of a smart probe 

through the enzymatic reaction generates a disease specific signal (activatable probe), whereas the 

high protease expression level and high turnover rates provide significant signal amplification thereby 

increasing the sensitivity of the assay. Therefore, such selective smart imaging probes offer a great 

potential for monitoring disease progression and efficacy of therapeutic agents in vivo. 

LIVIMODE has tackled those goals by developing a toolbox of novel, highly selective probes 

for 11 proteases, including cathepsins S, B, and K, MMP-9, MMP-12 and MMP-13, caspase-1, 

neutrophil elastase, FAP and metallocarboxypeptidases, with several of them being tested in vivo in 

animal models of cancer and osteoarthritis (OA). Most of the probes are based on the reverse-design 

principle, resulting in high turnover of the probes. To overcome one of the major problems of such 

probes, i.e. their rapid clearance from the disease site, where the cleavage occurs, we have applied 

lipidation and conjugation of the probes to polymer carriers, in particular linear polyglutamates 

(PGA) and dendritic polyglicerols (dPG).. Using these approaches, we have significantly improved 

the homing properties and/or retention time of the smart probes targeted the above proteases, 

thereby paving the path for further preclinical and clinical studies. Using one such probe, 

PGA-MA063 which detects the MMP-13 (a key collagenase) activity associated with OA, we 

have validated the proof-of-concept for the utilisation of such probe for diagnosing early stage 

of the disease and to monitoring the efficacy of an oral available MMP-13 inhibitor in the 

animal models. Moreover, the novel probes developed for cathepsins S and B and for FAP 

utilized in the same principle showed very promising results in imaging of non-invasive 

cancer.  

The probes developed in our collaborative studies have proven to be excellent tools 

not only for in vivo imaging, but also for unravelling of many key cellular and biological 

functions of the target proteases in the complex systems such as in normal physiology. For 

instance, we have developed the first metallocarboxypeptidase probes, as well as neutrophil 

elastase probe that proved to be excellent tools for imaging their activities in situ. We have 

developed the first cell permeable and highly selective caspase-1 probe that should enable a 

much better understanding of the inflammatory processes such as inflammasome activation. 

We have further advanced the repertoire of imaging agents by developing highly specific 

tissue-targeting proteins DARPins (designed ankyrin repeat proteins) against FAP and 

conjugated them to imaging moieties, thereby making another class of imaging agents for 

cancer. Finally, we were able to make a step further developing a strategy for the synthesis of 

a dual reporter polymer conjugate bearing two probes that allow the combination of optical 

imaging and magnetic resonance imaging (MRI) strategies opening the field to further 

applications. 

LIVIMODE developed an interdisciplinary and conceptually novel approach for the 

design, optimization and testing of smart activatable imaging agents for functional imaging of 

disease related molecular events, which can be easily adapted to a number of other diseases, 

including most of the inflammation-associated diseases such as atherosclerosis, chronic 

obstructive pulmonary disease and rheumatoid arthritis. Once fully developed, such selective 

agents will provide significant benefits both for preclinical and clinical drug discovery and 

diagnostic imaging of disease related events, and LIVIMODE has contributed a great part to 

those goals.  
 


