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Design of New Classes of Fluorescent Anticancer Nanoconjugates 
 

Abstract 

The targeted delivery of anticancer drugs is currently a topic of intensive investigations in medicine due to the frequent, 

severe side-effects encountered by patients undergoing chemotherapy. In order to overcome the lack of selectivity of 

anticancer drugs, several methods have been employed. Among others, the encapsulation of the anticancer drugs in 
biocompatible polymers was found to be a promising approach. However, the quantification of the delivery of the 

anticancer drugs to cancer cells is extremely difficult to assess. In this project, the groups of Gilles Gasser and 

Christophe Thomas (Chimie ParisTech, PSL) propose to use fluorescent, biocompatible polymers to understand the 

importance of the polymer for the delivery of phosphorescent Ru(II)-based anticancer drug candidates. Importantly, 
due to the presence of ruthenium, the quantification of the cellular uptake will also be determined by Inductively 

Coupled Plasma Mass Spectrometry (ICP-MS). 

 
Project 

Despite enormous research efforts, cancer has caused over 8 million 

casualties or 13% of all deaths worldwide in 2012.[1, 2] Extremely effective 
treatments are currently on the market to fight different types of cancer. 

However, the success for these types of cancer should not hide that certain 

chemotherapeutic treatments involve very severe side-effects and that, even 

more worryingly, several other types of cancer have very poor prognoses. For 
these reasons, pharmaceutical companies and research groups all over the 

world are aiming at unveiling new, more potent anticancer drug candidates 

with less-side effects. The phenomenal success of cisplatin (Fig. 1) and its 
derivatives oxaliplatin and carboplatin has boosted the research directed at 

novel metal-based anticancer drugs beside.[3, 4] Among the potential metal-

based candidates, Ru complexes have emerged as leading players by showing 
extremely promising results.[5-7] Two Ru(III) candidates, namely 

imidazolium trans-[tetrachloro(dimethylsulfoxide)-(1H-

imidazole)ruthenate(III) (NAMI-A)[8] and indazolium trans-[tetrachlorobis(1H-

indazole)ruthenate(III)] (KP1019) and its respective sodium salt (KP1339),[9] have even 
entered clinical trials. The Gasser group has embarked a few years ago into a program to 

thoroughly investigate such Ru compounds. They discovered that complex 1 (Fig. 1) had 

IC50 values relatively close or even lower to those of the well-known cisplatin on different 
cancerous cell lines. Very importantly, they tested the efficacy of 1 on 3D cell culture 

models (“spheroids”) (Fig. 2). Tumor spheroids are known to much better represent the 

pathophysiology of the respective “real” cancer, thereby bridging the gap between in vitro 

and in vivo studies.[11] 
However, a serious problem of metal-based drug candidates is generally their intrinsic 

toxicity. To tackle this serious issue, macromolecular delivery systems can circumvent these limitations and improve 

the potential of the respective anticancer drug. Indeed, the main physical characteristic of a polymer chain is its length, 
which can largely exceed the micrometer range. This unique feature is responsible of the establishment of short and 

long-range interactions tunable by the choice of the chemical nature of the monomer. These polymeric systems can be 

synthesized at this scale in such a manner that they are able to carry an anticancer agent to reach a biological target 
(organs, cells or tissues), to overcome the chemical and/or biological degradation and to release the encapsulated agent 

in a triggered or controlled fashion. In other words, anticancer agents are encapsulated into biocompatible polymers to 

allow for a slower release and/or a more selective delivery (targeted delivery) thanks to the Enhanced Permeability and 

Retention effect (EPR effect).[12] 
However, the in vivo delivery of therapeutic substances to their molecular targets constitutes a significant challenge. 

Major problems encountered in time-controlled delivery of biomolecules from biodegradable polymer matrices are the 

overall bioavailability of the released drug and the fast initial release from the polymer matrix, in particular during the 
first 24 h (‘burst release’). Additionally, the preparation of micro or nano-particles is usually accompanied by a 

significant loss in bioactivity of the drugs.[13] There is therefore still a great need for safe and effective delivery systems 

for labile and/or large molecules to be delivered to specific targets. In particular, new drug delivery concepts and new 
modes of action should be developed for (clinically approved) drugs. Here we will tackle this problem by an innovative 

stereocomplexation methodology. This approach will not only overcome the burst release but also improve the drug 

encapsulation. The Thomas group and others have demonstrated for polylactide and poly(hydroxybutyrate) that the 
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Fig. 1. Structures of cisplatin and 

the Ru(II) complex 1 (isolated as a 

hexafluorophosphate salt).  
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association of two isotactic or syndiotactic macromolecules by stereocomplexation with peptides was able to delay the 

time of degradation and drug delivery.[14, 15] These promising results indicate that the stereocontrol over polymer 
sequences is an effective strategy for tuning macromolecular properties, and in particular crystallinity and 

biodegradability.[16] In this project, we therefore propose to use biodegradable polymeric nanostructures to 

specifically deliver Ru(II)-based drug candidates to cancer cells. Very importantly, we aim at understanding and 

quantifying the role of the bioencapsulation of the anticancer agents in their targeted delivery to cancer cells thanks 

to the use of newly prepared fluorescent, biocompatible polymers, which will ultimately be metabolized to the 

corresponding hydroxy-carboxylic acids and anticancer agent. In addition, since the Ru(II)-based anticancer drug 
candidates developed in the Gasser lab are phosphorescent, we will be able to quantify the ratio polymer/drug in cells 

as well as on 3D spheroids. This ratio will further be confirmed by Inductively Coupled Plasma Mass Spectrometry 

(ICP-MS) due to the presence of ruthenium in the 

drug candidate.  
Current nanoencapsulates typically have low drug 

loadings, uncontrolled encapsulation efficiencies, 

and significant drug burst release effects when used 
in vivo. These formulation challenges significantly 

limit their potential clinical applications. In this 

regard, we want to develop a new method for 
preparing polymeric nanoconjugates using a 

fluorescent label-initiated, controlled, living 

copolymerization of cyclic anhydrides/epoxides (Scheme 1). This unprecedented strategy will allow preparation of 

polyester-anticancer agent nanoconjugates with very high drug loadings, nearly quantitative loading efficiencies, 
controlled release profiles without burst release effects, narrow particle-size distributions and easily adjustable surface 

charge. In particular, nanoparticle size/surface area and charge play an important role in cellular uptake of polymer 

nanoparticles. Therefore, the surface charge (and the hydrophilic/hydrophobic balance) will be modulated by tuning the 
functional groups of the copolymers. The resulting nanoparticles will be formed either by covalent or by non-covalent 

approaches. Such formulations can be used both to target the active drug candidate to the appropriate site and to protect 

the active component from environmental and/or enzymatic degradation. The drug release profiles can potentially be 

further modified by using different heterocyclic monomers. This formulation method can potentially be broadly used 
for the nanoformulation of numerous hydroxy-group-containing therapeutic agents to achieve excellent control over 

drug loading and release. 
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Scheme 1. Formation of polymeric nanoconjugates. 


