
 
 

 

European Training Network ‘Targeted Anti-Cancer Therapies’ 
PhD offer 

 
Context. Despite improvements in prevention and treatments over the past decades, cancer is still the 
second leading cause of death globally.1 Whilst survival rates have improved markedly for certain 
cancers, others are still linked to high mortality rates, thus highlighting the urgent need for the 
development of new therapeutic tools. Antibody-Drug Conjugates (ADCs) are fast growing classes of 
oncology therapeutics. They consist in a highly potent cytotoxic drug connected via a linker to an 
antibody that is specifically targeting certain tumor markers. By combining the cytotoxicity of the drug 
and the targeting properties of the antibody, ADCs kill cancer cells whilst leaving the healthy cells 
unaffected, thus broadening the effective therapeutic window of such therapies. Consequently, four 
ADCs have reached the market – Adcetris™ (2011), Kadcyla® (2013), Besponsa™ (2017) and 

Mylotarg® (2017) – and the approval of many more is hotly anticipated; as of October 2018, at least 83 
candidates were in clinical trials.2 Despite a rapid evolution of the field, limitations in ADCs design still 
exist which could fuel the development of new generations.  

Project. ‘Targeted Anti-Cancer Therapies’ (TACT) is a ‘European Training Network’ (ETN) research 

project that received funding by the European Commission under the ‘Horizon 2020 research and 

innovation programme’ and the ‘Marie Skłodowska-Curie actions’. Being an international and 
multidisciplinary training and research doctoral programme, TACT aims to train 11 Early-Stage 
Researchers (ESRs) on the development of state-of-the-art targeted anti-cancer therapeutics and equip 
them with transferable, future career-enhancing skills. More specifically, TACT’s research programme 

will focus on key interconnected priority themes for the conception of new and more effective 
generations of Protein-Drug Conjugates (PDCs): site-specific bioconjugation methods, more potent 
payloads, more efficient protein-based targeting systems and new analytical tools for acute 
characterization. 
This will be made possible thanks to a unique cooperation between academic and industrial worlds, 
resulting in a consortium comprising nine beneficiary institutions: University of Strasbourg and CNRS 
(France); University College of London, Queen’s University of Belfast and Almac Discovery (U. K.); 

Technical University of Munich and Heidelberg Pharma (Germany); University of Waggeningen 
(Netherlands); Spirochem AG (Switzerland). Each of these institutions will host and train at least one 
ESR, who will benefit from an unequalled scientific training in all domains related to the field of PDCs 
via their main research projects, secondments at other institutions and network-wide meetings. 

Applications. The TACT consortium is looking for highly talented, motivated and qualified graduate 
students in various fields at the interface of chemistry, biology and analytical chemistry to start 
October, 1st 2020. The candidates will have to possess a strong interest in interdisciplinary research and 
be willing to take part in various communication activities towards non-scientific public. They will have 
to be fluent in English, possess a high degree of self-organisation and be able to work collaboratively. 
Applicants can visit www.tact-etn.eu to visualize the different research projects proposed in this 
programme. Applications must be sent by e-mail directly to the personal investigators concerned before 
June 1st 2020, and include:  

● a one-page CV 
● a motivation letter 

● transcripts of undergraduate studies 
● contacts of two references 

Any application that does not follow these rules will not be processed. 

ATTENTION! Candidates must not have resided or carried out their main activity (e.g. studies) in the 
country of their potential future host organisation for more than 12 months in the 3 years immediately 
prior to their recruitment. 

                                                           
1 World Cancer Report 2014, edited by Stewart BW, Wild CW, ISBN (PDF) 978-92-832-0443-5 
2 R. Lyon, Drug Discov. Today Tech., 2018, 30, 105 

http://www.tact-etn.eu/


 
 

 

European Training Network ‘Targeted Anti-Cancer Therapies’ 
PhD project #1 

 
Host institution Supervisors Start date Duration 

University of 
Strasbourg 

Dr Guilhem Chaubet (chaubet@unistra.fr)  
Dr Alain Wagner (alwag@unistra.fr)  

October 1st, 
2020 

36 months 

Project title: Use of multicomponent reactions as a site-specific method in bioconjugation 

Objectives: controlling the site-selectivity of a protein bioconjugation reaction in order to generate 
well-defined conjugates remains a desirable, yet challenging, task. One way to overcome those 
difficulties consists of utilizing engineered proteins, displaying a free cysteine residue or an unnatural 
amino acid, such as azidoalanine, that will be specifically targeted. However, the use of recombinant 
proteins can prove costly and tedious, and therefore the development of a new site-selective strategy 
that could employ native and natural proteins would thus be of immense interest. The main objective 
of this PhD project is to pursue our efforts towards new chemical strategies based on multicomponent 
reactions to access site specificity in protein bioconjugation. Instead of focusing on the 
functionalization of a single amino acid residue, we wish to target two different residues in spatial 
proximity in order to minimize the chances of non-selective modifications. We recently demonstrated 
that lysine-aspartate and lysine-glutamate combinations could be targeted by a multicomponent 
reaction – such as the Ugi reaction – to yield stable, cyclic adducts. It was found that, as expected, 
lysine residues that were not spatially close to a carboxylate-bearing amino acid residue remained 
unaffected, giving the selectivity to the method. We now wish to carry on this work and screen other 
multicomponent reactions, or other amino acids combinations, to diversify the synthetic toolbox of 
researchers working in chemical biology. 

Expected Results:  we expect to develop new robust and reliable procedures for the bioconjugation 
of native proteins, and understand the key parameters to focus on for the reaction to be efficient (e.g. 
dilution, reagents structure, temperature, solvent). We also aim to develop a reaction that could 
discriminate between two different native proteins, in order to access protein selectivity. 

Planned secondment(s):  Heidelberg Pharma, month 25, 3 months: synthesis of an amanitin 
analogue to generate proteins with precise Drug-to-Protein Ratio /  Queen’s University Belfast, 
month 34, 3 months: synthesis of nanoconjugates. 

References: “Investigating Multicomponent Approaches for the Site-Selective Conjugation of Native 
Proteins” C. Sornay, S. Hessmann, S. Erb, I. Dovgan, A. Ehkirch, T. Botzanowski, S. Cianferani, A. 
Wagner and G. Chaubet, preprint available from ChemRxiv (DOI: 10.26434/chemrxiv.11968761.v1) 
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European Training Network ‘Targeted Anti-Cancer Therapies’ 
PhD project #2 

 
Host institution Supervisors Start date Duration 

University of 
Strasbourg 

Dr Alain Wagner (alwag@unistra.fr) 
Dr Guilhem Chaubet (chaubet@unistra.fr) 

October 1st, 
2020 

36 months 

Project title: Traceless linkers for specific lysosomal release of native drugs 

Objectives: the goal of this project is to pursue specific investigations towards: i) the development of 
tailored, traceless linkers for controlled lysosomal release of highly toxic drugs conjugated to 
monoclonal antibodies; and ii) the identification of novel enzymatic activity for specific drug release. 
The design of linkers for enzymatic drug release currently relies on predetermined knowledge of 
cancer-related enzymatic activity. In this project, we envision to run a systematic screening using 
FRET-based probes (TAMRA/BHQ) that report for the cleavage of atypical reactive motifs (e.g. 
carbamate, hydroxamate, phosphonium, ammonium). These probes will be assayed against a 
collection of cell lines to reveal unexpected/novel enzymatic activity. These FRET probes will then be 
engaged in various assays to determine their biosensitivity profiles: i) in-vitro assays in the presence 
of various metabolites (e.g. H2O2, GSH, NO, metals); ii) human plasma stability assay; iii) human 
microsome stability assay; iv) flow-cytometry-based assay against tumor cell lines (e.g. lung, liver, 
ovarian, pancreas, kidney). 

Expected Results: this project is expected to provide an in-depth understanding of the biostability 
(biolysis of various chemical groups) and biolability of selected molecular motifs and guide the 
development of highly specific biolabile linkers. Using this serendipitous strategy, we also expect to 
uncover new enzymatic activities that could be further utilize in organelle-selective (or specific) drug 
release strategies. 

Planned secondment(s):  SpiroChem, month 25, 3 months: synthesis of different linkers 
analogues with bioisostere motifs /  Technical University of Munich, month 34, 3 months: synthesis 
of anticalins. 

References: “Spiro Diorthoester (SpiDo), a Human Plasma Stable Acid-Sensitive Cleavable Linker 
for Lysosomal Release” G. Leriche, M. Nothisen, N. Baumlin, C. D. Muller, D. Bagnard, J.-S. Remy, 
S. A. Jacques and A. Wagner, Bioconjugate Chem., 2015, 26, 1461. 

“Structural investigation of cyclo-dioxo maleimide cross-linkers for acid and serum stability” E. 
Tobaldi, I. Dovgan, M. Mosser, J.-M. Becht and A. Wagner, Org. Biomol. Chem., 2017, 15, 9305. 
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European Training Network ‘Targeted Anti-Cancer Therapies’ 
PhD project #3 

 
Host institution Supervisors Start date Duration 

CNRS / University 
of Strasbourg 

Dr Sarah Cianferani (sarah.cianferani@unistra.fr) 
October 1st, 

2020 
36 

months 
Project title: New MS-based approaches for Protein-Drug Conjugates characterization at intact & 
middle- levels 

Objectives: Monoclonal antibodies (mAbs) and their related compounds make up the largest class 
in human therapeutics to treat many diseases. Their success stems from their high specificity and 
affinity, long circulating half-lives, ability to induce immune cell effector response, and structural 
versatility. However, the analytical characterization of mAb-based formats is challenging due to many 
sources of heterogeneities related to charge and size variants (multimers and aggregates) and 
primary sequences. As narrow acceptance criteria, defined as Critical Quality Attributes (CQA), are 
requested by regulatory agencies, analytical techniques are required to analyze those heterogeneities 
qualitatively and quantitatively. In particular, additional specific criteria are requested for PDCs, for 
which bioconjugation brings an additional level of heterogeneity. State-of-the-art chromatographic 
and mass spectrometric methods lay at the forefront of mAb-format characterization, due to their 
complementarity and orthogonality. The analytical characterization of mAb-related compounds 
usually follows a multi-level workflow: intact protein level (top level), smaller sub-domains analysis 
after limited enzymatic digestion (middle level), and peptide level upon combination of several 
proteases (bottom level). In the latter case, the extended 
enzymatic digestion can affect the quality of the final 
product leading to the loss of key features. Top- and 
middle-level are performed without any sample 
preparation, or a very reduced digestion step, which make 
these approaches of utmost interest, but are still in their 
infancy and often performed in denaturing conditions, 
leading to the loss of the active conformation of the mAb-
format. In this context, this PhD project aims to develop 
new intact and middle-level MS-based approaches for 
PDC characterization. 

Expected Results: this project should lead to the development of top- and middle- down workflows 
in classical denaturing but also in native conditions to provide highly powerful mAb-formats 
characterization during research and development phases. The strategy will provide information on 
most CQAs required for biopharmaceutical characterization, including post-translational modifications 
(PTMs) but also unambiguous drug conjugation for PDCs. Top- and middle level analysis will be 
performed using different activation techniques such as electron transfer dissociation (ETD) and 
ultraviolet photodissociation (UVPD). Upon fragmentation of proteins, fragment ions will be subjected 
to ion-molecule reaction (protein-transfer charge reduction) to reduce ion mismatching, which is one 
of the main limitations related to top- and middle-strategies. The candidate will use methods available 
on last generation MS instruments for middle-down and top-down PDC analysis (i.e. at the intact 
protein or subunit level, without digestion) under both denaturing and native conditions. The novelty 
of this work lies in the potential of fully sequencing a large biomolecule, whilst locating and identifying 
PTMs and drug conjugation sites via the coupling with an ultra-high resolution mass spectrometer. 

References: O. Hernandez-Alba, S. Houel, S. Hessmann, S. Erb, D. Rabuka, R. Huguet, J. Josephs, 
A. Beck, P. M. Drake, S. Cianférani, J. Am. Soc. Mass. Spectrom., 2019, 30, 2419. 
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European Training Network ‘Targeted Anti-Cancer Therapies’ 
PhD project #4 

 
Host institution Supervisors Start date Duration 

University of 
Wageningen 

Prof. Floris van Delft (f.vandelft@synaffix.com) 

Dr Bauke Albada (bauke.albada@wur.nl) 
October 1st, 

2020 
36 

months 

Project title: Site-specific antibody conjugation based on enzymatic modification–click chemistry 

Objectives: Engineering of an additional cysteine on antibodies has proven to be a powerful 
technology for the generation of site-specific antibody-drug conjugates (ADCs) and screening of 
conjugation sites to identify the most efficacious ADC. However, maleimide conjugates are 
notoriously unstable and significantly lower the therapeutic index of ADCs. A range of elegant 
enzymatic site-specific conjugation technologies have been developed but are typically limited to a 
single site on the antibody surface (e.g. N295 or C-terminus), which is a serious limitation in the 
development of next generation ADCs. We recently reported that the globally conserved antibody 
glycan could be conveniently used for conjugation of a toxic payload via enzymatic remodeling 
followed by click chemistry. By a conceptually complementary approach, we showed that C-terminal 
engineering of tyrosine enabled highly controlled introduction of payloads by means of tyrosinase-
mediated oxidation and in-situ click conjugation. Our aim in the current project is to exploit the 
potential of glycan- and tyrosine-based conjugation technologies for the generation of best-in-class 
protein-drug conjugates (PDCs). To this end, novel glycosylation sites or additional tyrosine will be 
engineered into model antibodies and subjected to chemoenzymatic modification and introduction of 
payload to generate a wide array of ADCs. In addition, combination of glycan/tyrosine-based 
technologies will be investigated to obtain PDCs with drug-to-protein ratios ≥ 8, which is not currently 

possible and could be useful for less potent but far more clinically validated toxic payloads such as 
SN-38 and doxorubicin. Finally, we will investigate the application of glycan/tyrosine modification to 
the site-specific conjugation of an 
antibody with a recombinant protein. 
Immunotoxins are a promising 
subclass of ADCs but can only be 
generated as fusion proteins or by 
random cross-linking. By combining 
our method with the controlled 
introduction of a click probe onto a 
protein, unprecedented protein-
antibody conjugates could be 
generated. 

Expected Results: anticipated results will comprise the development of a new technology for the 
generation and site screening of best ADCs (for a given target), new linker systems to better 
accommodate highly hydrophobic payloads (e.g. PBD dimers), and the formation of protein-antibody 
conjugates. 

Planned secondment(s):  University College London, month 25, 3 months: grafting click probes 
onto proteins via disulfide modification /  Almac Discovery, month 34, 3 months: engineering Tyr 
residues in single domain antibodies 

Reference: “Chemoenzymatic Conjugation of Toxic Payloads to the Globally Conserved N‑Glycan 
of Native mAbs Provides Homogeneous and Highly Efficacious Antibody−Drug Conjugates” R. van 
Geel, M. A. Wijdeven, R. Heesbeen, J. M. M. Verkade, A. A. Wasiel, S. S. van Berkel and F. L. van 
Delft, Bioconjugate Chem., 2015, 26, 2233. 
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European Training Network ‘Targeted Anti-Cancer Therapies’ 
PhD project #5 

 
Host institution Supervisors Start date Duration 

Queen’s University 
Belfast 

Prof. Christopher Scott (c.scott@qub.ac.uk) 
October 1st, 

2020 
36 

months 
Project title: Development of novel antibody-nanoparticles conjugates 

Objectives: Kadcyla® is an antibody-drug conjugate (ADC) that has been given FDA approval in 
early 2013 for the treatment of metastatic breast cancer. However, issues with the toxicity of the highly 
potent payload (e.g. dose-limiting thrombocytopenia) have been reported as well as acquired 
resistance because of insufficient cellular uptake and insufficient lysosomal cleavage of the linker 
yielding poor drug release. These issues are not specific to this particular ADC and key limitations 
with the current technologies are limiting the clinical efficacy of these agents. The two most 
fundamental issues concern: i) linkers, as they must be stable to prevent premature drug release but 
also able to release the payload once internalised into the tumour cell; ii) drug-to-antibody ratios 
(DARs), that are typically limited because of potential aggregation and thus inactivation for high DAR 
ADCs. We hypothesize that these issues could be overcome with the development of antibody-drug 
nanoconjugates (ADNs) whereby the antibody is linked 
directly to the nanoparticle polymer rather than the drug. 
Furthermore, using the nanoparticle to encapsulate drug 
means higher DARs (>100) and reduced systemic 
toxicity due to its shielding within the particle structure. 
Thus, the overall aim of this project is to exemplify the 
power of an antibody-targeted drug-loaded nanoparticle 
platform technology as an alternative to current ADC 
approaches. This work use optimized formulation 
techniques to encapsulate cytotoxic agents such as S-
methyl-maytansinoid into polylactide-based 
nanoparticles (NP) and subsequently functionalize the 
NP surface with antibodies by existing or new 
chemistries to facilitate targeting of tumor antigens with 
antibodies and other ligands using site-specific click 
chemistry approaches. 

Expected Results: anticipated results from this research will include the development of novel 
antibody targeted nanoconjugates, including a range of physiochemical analyses. Leading on from 
this, we anticipate that we will generate a range of data demonstrating the usefulness of these 
conjugates towards tumor cells in vitro and tumors in vivo. This will include analyses of tumor cell 
death, drug uptake and localization. 

Planned secondment(s):  Heidelberg Pharma, month 25, 3 months: amanitin formulation into 
nanoconjugates /  CNRS, month 34, 3 months: new analytical methods to determine 
nanoconjugates’ DARs. 

Reference: “Forming next-generation antibody–nanoparticle conjugates through the oriented 
installation of non-engineered antibody fragments” M. K. Greene, D. A. Richards, J. C. F. Nogueira, 
K. Campbell, P. Smyth, M. Fernández, C. J. Scott and V. Chudasama., Chem. Sci., 2018, 9, 79. 
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European Training Network ‘Targeted Anti-Cancer Therapies’ 
PhD project #6 

 
Host institution Supervisors Start date Duration 

Queen’s University 
Belfast 

Prof. Christopher Scott (c.scott@qub.ac.uk) 
October 1st, 

2020 
36 

months 
Project title: Application of protein-drug conjugates (PDCs) for the treatment of cancer 

Objectives: Macromolecular drug substances such as antibodies, ADCs and nanomedicine are often 
compromised in their therapeutic effectiveness due to inability to penetrate sufficiently into the 
diseased tissue and be taken up by the diseased cells. This is particularly apparent in pancreatic 
cancer and some forms of colorectal cancer, characterized by a stromal rich microenvironment, which 
essentially acts as a wall to drug deposition. We hypothesize that active antibody targeting and 
compromisation of this desmoplasia using agents such as sonic hedgehog inhibitors or Fasudil (both 
which abrogate fibroblast interactions by different mechanisms) may improve the efficacy of ADCs, 
nanomedicines and targeted nanomedicines. Therefore, the overall aim of this project will be to 
develop and evaluate PDCs or antibody targeted nanoconjugates that will bind to tumor-associated 
antigens in cancer (e.g. EGFR). These drugs will be evaluated in models of cancer to determine their 
therapeutic effect and if other agents (e.g. Fasudil) improve targeting and distribution in hard to treat 
tumors.  

Expected Results: anticipated results from this research will include the development of novel 
antibody targeted nanoconjugates and PDCs. These will then be evaluated in models of cancer, both 
in-vitro and in-vivo, to determine therapeutic effects, as well as understand possible toxicities and 
potential to improve biodistribution through tumor priming. 

Planned secondment(s):  CNRS, month 25, 3 months: characterization of new mAb format by 
mass spectrometry /  SpiroChem, month 34, 3 months: synthesis of Fasudil bioisostere analogues. 

Reference: “Forming next-generation antibody–nanoparticle conjugates through the oriented 
installation of non-engineered antibody fragments” M. K. Greene, D. A. Richards, J. C. F. Nogueira, 
K. Campbell, P. Smyth, M. Fernández, C. J. Scott and V. Chudasama., Chem. Sci., 2018, 9, 79. 
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European Training Network ‘Targeted Anti-Cancer Therapies’ 
PhD project #7 

 
Host institution Supervisors Start date Duration 

Technical University of 
Munich 

Prof. Arne Skerra (skerra@tum.de) 
October 1st, 

2020 
36 

months 
Project title: Development of anticalin-drug conjugates (AcDC) as innovative cancer therapies 

Objectives: Anticalins are compact and robust engineered proteins derived from the lipocalin fold 
that can be easily produced in microbial expression systems. The lipocalins comprise a β-barrel of 
eight antiparallel strands, opened to the solvent at one end where four structurally variable loops form 
a binding site. Anticalins with specificities towards various disease-related biomolecules, including 
established tumor antigens – such as oncofetal fibronectin (ED-B), PSMA, VEGFR-3, membrane 
Hsp70 – were generated via combinatorial design, and several of them have already reached clinical 
studies. Thus, anticalins offer an alternative to conventional mAbs, which currently provide the basis 
for PDCs. However, owing to their relatively large molecular size of about 150 kDa, their nature as 
multiple-disulfide-crosslinked and glycosylated proteins and their composition of four polypeptide 
chains (two heavy and two light chains) in total, whole Igs can only be efficiently produced by 
eukaryotic cells. Furthermore, the preparation of antibody-drug conjugates (ADCs) poses a challenge 
with regard to the drug-to-antibody ratio (DAR), the regioselectivity of drug conjugation as well as 
product homogeneity. Finally, due to their glycosylated Fc moiety, antibodies are generally targeted 
to the liver, which is their terminal organ for metabolization, thus causing dose-limiting liver toxicity. 
The goal of this PhD project is the development and proof of concept of a new class of AcDCs, utilizing 
existing anticalins with specificities toward cancer targets (in particular ED-B and PSMA) and newly 
selected anticalins (e.g. against CD19, CD33 or EGF-R). These tumor-specific anticalins will be site-
specifically conjugated with established small molecule toxins, via site-specific introduction of either 
a free cysteine residue or the non-natural amino acid 4-acetyl-L-phenylalanine using E. coli amber 
suppression technology. Furthermore, the very short plasma half-life of the (modified) anticalins will 
be extended using our PASylation technology, a biological alternative to PEGylation. 

Expected Results: anticipated results will comprise the development of an alternative technology for 
the generation of AcDCs, which will offer the benefits of cheap protein expression in the well-known 
host organism Escherichia coli, site-specific attachment of a potent toxin, full control over drug-to-
protein ratio, optimal circulation time in the body and minimal liver accumulation/toxicity. 

Planned secondment(s):  University of Wageningen, month 25, 3 months: alternative anticalin 
site-specific conjugation method /  SpiroChem, month 34, 3 months: design of non-natural amino 
acids for new conjugation methods. 

Reference: “Selection and characterization of anticalins targeting human prostate-specific 
membrane antigen” C. Barinka, J. Ptacek, A. Richter, Z. Novakova, V. Morath and A. Skerra, Protein 
Eng. Des. Sel., 2016, 29, 105. 
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European Training Network ‘Targeted Anti-Cancer Therapies’ 
PhD project #8 

 
Host 

institution 
Supervisors Start date Duration 

Almac 
Discovery 

Dr Graham Cotton (graham.cotton@almacgroup.com) 
October 1st, 

2020 
36 

months 
Project title: Development of technologies for the next generation protein-drug conjugates (PDC) 
with improved stability and selectivity 

Objectives: the large size of monoclonal antibodies can compromise their ability to penetrate and kill 
solid tumours and their complex architecture has hindered their ability to be therapeutically improved 
by engineering or specific modification. Additionally, only <0.1% of an administered antibody-drug 
conjugate (ADC) actually reaches the tumour and ADC generated by ‘standard’ conjugation 

approaches typically have half-lives of less than a few days in patients. This is compounded by the 
increased clearance rate of ADC with high drug-to-antibody ratios (DAR), and increased 
hydrophobicity, produced by non-selective labelling approaches. The project objectives are to: i) 
develop novel PDC based on single-domain antibody-like molecules to overcome certain limitations 
associated with full-length antibodies; ii) develop and apply intein-based protein engineering 
technologies to generate site-specifically modified PDC with improved stability and physiochemical 
properties; and iii) investigate chemistry-driven approaches for making novel bi-specific binders with 
defined topologies to build PDC with enhanced tumor selectivity. 

Expected Results: delivery of intein-based approaches for the site-specific C-terminal attachment of 
payloads to single domain antibodies via different chemistries. Conjugates will be assessed for 
‘function’, physiochemical properties and conjugate stability. Optimised methods will be used to attach 

‘therapeutic’ payloads onto single domain antibodies that bind tumour protein targets. These wil l be 
assessed against a number of criteria including stability, aggregation propensity, target binding, cell 
internalisation and trafficking. In-vitro efficacy and, if successful, in-vivo efficacy of single domain 
antibody conjugates will be assessed for selective tumour-cell killing. In a second phase, we expect 
to deliver chemistry-driven and genetic approaches for engineering bi-specific single domain 
antibodies with enhanced payload delivery and tumour selectivity; those will be then formatted as the 
corresponding drug conjugates and assessed as described above. 

Planned secondment(s):  CNRS, month 25, 3 months: characterization of new mAb format by 
mass spectrometry /  University of Wageningen, month 34, 3 months: site-specific conjugation of 
single-domain antibodies. 

Reference: “Single-domain antibody-functionalized pH-responsive amphiphilic block copolymer 
anoparticles for epidermal growth factor receptor targeted cancer therapy” T. J. Gibson, P. Smyth, W. 
J. McDaid, D. Lavery, J. Thom, G. Cotton, C. J. Scott and E. Themistou, ACS Macro Lett., 2018, 7, 
1010. 
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European Training Network ‘Targeted Anti-Cancer Therapies’ 
PhD project #9 

 
Host institution Supervisors Start date Duration 

University 
College London 

Dr Vijay Chudasama (v.chudasama@ucl.ac.uk) 
October 1st, 

2020 
36 

months 
Project title: Selective targeted delivery of complementary toxic drug combinations to cancer cells 
through the formation of next-generation antibody dual-drug conjugates 

Objectives: Poor therapeutic efficacy and resistance are two major remaining challenges faced by 
conventional antibody-drug conjugates (ADCs), a category of therapeutic that has classically been 
based on the attachment of a single type of cytotoxic drug to an antibody targeting a highly over-
expressed antigen on certain cancer cells. A major hurdle in eliciting reliable and effective responses 
is the inter- and intra-heterogeneity of tumors. Most tumors contain widely diverse cell populations, 
including proliferating and non-proliferating cells, which are often sensitive to different 
chemotherapeutics, explaining why a single cytotoxic agent is thus unlikely to produce a satisfactory 
response. Our aim is to explore and solve this issue by using antibodies to deliver selectively pairs of 
mechanistically complementary drugs to cancer cells. The objective is to compare the effects of using 
antibody targeting to deliver a combination of drugs versus classical single drug class ADCs. First, 
we will deliver on a platform that will enable antibody dual drug conjugates to be constructed. Then 
we will attach orthogonal drugs via Cu-free click chemistry and appraise the formed dual drug 
conjugates. Following this, the conjugates will be tested in vitro to highlight the advantages using dual 
complementary drugs. 

Expected Results: the selective delivery of multiple toxic drugs, via a targeted antibody, that effect 
cell death by orthogonal mechanisms of toxic action will provide exciting data on whether certain drug 
combinations will have synergy in terms of efficacy and/or combating drug resistance. This has the 
potential to make a step-level shift in cancer treatment by providing a unique tool in targeted drug 
delivery that fights against the important issue of inter- and intra-patient cancer cell population 
heterogeneity / resistance. 

Planned secondment(s):  Almac Discovery, month 25, 3 months: engineering single domain 
antibodies with free Cys residues for incorporating the platform /  University of Strasbourg, month 
34, 3 months: synthesis of cleavable linkers for controlled and orthogonal dual drug release. 

Reference: “A plug-and-play approach to antibody-based therapeutics via a chemoselective dual 
click strategy” A. Maruani, M. E. B. Smith, E. Miranda, K. A. Chester, V. Chudasama and S. Caddick, 
Nature Commun., 2015, 6, 6645 
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European Training Network ‘Targeted Anti-Cancer Therapies’ 
PhD project #10 

 
Host institution Supervisors Start date Duration 

Heidelberg 
Pharma 

Prof. Andreas Pahl (andreas.pahl@hdpharma.com) 
October 1st, 

2020 
36 

months 
Project title: In-vivo drug inactivation of amanitin and protein-amanitin conjugates 

Objectives: Amanitin is the most effective and specific inhibitor of RNA Polymerase II, possessing a 
unique biological mode of action which makes it extremely valuable as an anti-cancer drug. However, 
because of its high potency, in-vivo release of amanitin might limit its therapeutic index. Although 
cynomolgus monkey studies revealed a good therapeutic index, its widening would be beneficial to 
patients whilst improving the drug safety. One possibility is to inactivate the payload in circulation or 
in non-cancerous tissue, and thus prevent non-specific targeting of the drug due to an early release. 
To this end, in-vivo click-chemistry neutralizing agents – such as strained, cyclic alkynes – might be 
developed and used to neutralize an appropriate amanitin derivative, bearing an azido group for 
example. The first objective of this project will thus be to synthesize analogues that show the same 
potency as the parent amanitin. In parallel, development of neutralizing agents will also be conducted; 
they will be tested in-vivo to assess whether rodents could be rescued from amanitin intoxication with 
this approach. If those results proved to be positive, detoxifiable-amanitin protein conjugates will be 
prepared and tested in vivo to study their anti-tumor activities. 

Expected Results: anticipated results will be amanitin conjugates with improved therapeutic index 
and reduced organ toxicity. Given that RNA-Polymerase II inhibition is a novel principle in cancer 
therapy, offering the possibility of breaking through drug resistance or destroying dormant tumor cells, 
development of such protein conjugates will result in major clinical advances. 

Planned secondment(s):  University of Strasbourg, month 25, 3 months: evaluation of the 
neutralization process efficacy /  Technical University of Munich, month 34, 3 months: incorporation 
of amanitin in other targeting systems. 

Reference: “TP53 loss creates therapeutic vulnerability in colorectal cancer“ Y. Liu, X. Zhang, C. 
Han, G. Wan, X. Huang, C. Ivan, D. Jiang, C. Rodriguez-Aguayo, G. Lopez-Berestein, P. H. Rao, D. 
M. Maru, A. Pahl, X. He, A. K. Sood, L. M. Ellis, J. Anderl, X. Lu, Nature, 2015, 520, 697. 
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SpiroChem AG 

Dr Thomas Fessard 
(thomas.fessard@spirochem.com) 

Dr Christophe Salome 
(christophe.salome@spirochem.com)  

October 1st, 
2020 

36 months 

Project title: Synthesis of new anti-cancer drugs via bioisostere strategy 

Objectives: Bioisoteric replacement of substituents, ring atoms, linkers and other groups aims to 
generate chemical substitutes with related biological properties to obtain new analogues with better 
biological and physicochemical properties (e.g. selectivity, efficacy, solubility, toxicity). Over the past 
decade, a large number of new bioisotere moieties were introduced allowing better ADME-Tox 
properties and opening new chemical space. The aim of this project is to synthesize analogues of 
known anticancer-drugs via bioisosterism strategy switch. The approach will be articulated around 
two main tools: bicycloalkanes as benzene ring switch and oxetane as carbonyl/gem-dimethyl switch. 
The first objective of this project will  thus be to synthesize analogues of MonoMethyl Auristatin E 
(MMAE, the cytotoxic payload of commercially-available ADC Adcetris™) that show the same 

potency as the parent drug using oxetanyl amino-acid instead of aminoacid, and bicyclopentane 
instead of a phenyl ring. In parallel, new biosiostere moieties will be designed to expand the library of 
known structures and apply them to the design of other anticancer drugs or linkers analogues. 

Expected Results: expected results are creation of MMAE analogues bearing either oxetane or 
bicyclopentane fragments. Most promising derivatives will be bioconjugated to antibodies or other 
targeting systems to generate the corresponding protein-drug conjugates analogues whose antitumor 
activity will be evaluated at participating organizations. Creation of new replacement structures is also 
expected, which will expand the chemical toolbox of bioisosteric fragments. 

Planned secondment(s):  University of Wageningen, month 25, 3 months: incorporation of non-
natural amino acids in proteins /  Queen’s University Belfast, month 34, 3 months: incorporation of 
MMAE analogues in nanoconjugates. 

Reference: “Improving nonspecific binding and solubility: bicycloalkyl groups and cubanes as para-
phenyl bioisosteres” Y. P. Auberson, C. Brocklehurst, M. Furegati, T. C. Fessard, G. Koch, A. Decker, 
L. La Vecchia and E. Briard, Chem. Med. Chem., 2017, 12, 590. 
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