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IGMM

Strategic partnership of the Medical Research Council Human Genetics Unit, 

the Cancer Research UK Edinburgh Centre and the Centre for Genomic & 

Experimental Medicine.

The IGMM partnership brings together engineers, scientists and clinicians from 

fields as diverse as mathematics, computer sciences, bioinformatics, chemistry, 

biology and medicine to study human health and disease using modern 

multidisciplinary approaches. Over 70 PIs and 500 staff and PhD students are 

working together in a single, scientific endeavour.
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Innovative Therapeutics Lab
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Toxicity & Mechanism: 

Metals from the platinum group trigger cell death 

by cross-linking of DNA >> 

HIGHLY TOXIC

Hypothesis: 

Restriction of the catalyst‘s freedom to enter cell 

nuclei will suppress its toxicity mechanism >> 

HETEROGENEOUS CATALYST

CHALLENGE: Reactions mediated by non-biological transition metals in living systems. REQUIREMENT: 
Elimination / control of the inherent toxicity of the metal. 

Non-Biological Metal Catalysis in Cells

Antecedents: Meggers developed a water-soluble 

ruthenium complex that rapidly entered cells and 

performed an allylcarbamate cleavage, while 

proving to be non-toxic to cells during the short 

duration of the experiment (minutes). 

Streu & Meggers, Angew. Chemie 2006, 45, 5645
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Pd0 Pd0

Biocompatible microspheres that 

penetrate cells and stay in the 

cytoplasm >> exonuclear location >> 

minimal toxicity

A “bio-friendly” cell-penetrating Pd0 heterogeneous catalyst 

Pd0

Pd0 Sensitive Probe

(lipophilic)
Active Dye

(hydrophilic)

Nat Chemistry 2011

3, 241–245

Palladium Chemistry in Cells

Nat Protocols 2012

7, 1207-1212
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SAFE ON THEIR OWN,

CYTOTOXIC TOGETHER



31-05-2018 THERACAT

The prodrug is inactive until it meets its activating device: 

→ Systemic administration

→ Local activation

→ The activating device is not an enzyme but an artificial device 

functionalized with a metal catalyst

Inactive 

drug

Active 

Drug

ACTIVATING DEVICE

Concept
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A NEW PRODRUG STRATEGY

> Site specific drug release

> Compatible with 
multidose regimes

• BIOORTHOGONAL PRODRUG: inactive drug exclusively activated by BOOM chemistry

• PALLADIUM IMPLANT: safe device that converts the prodrug into the active drug
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Pd0-resin

+ PROBE

Pd-resin

Strong fluorescent signal was clearly observed from the area surrounding the Pd0-resin in the yolk 
sac, confirming that the palladium-functionalized device is catalytically active in vivo 

In vivo LOCAL Activation of PROBE

Nat Commun 2014, 5, 3277
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Validation of the catalyst insertion

Ultrasound guided intratumoural injection of Pd-devices in a xenograft tumour in mice 

Beads are echogenic: the insertion in the tumor is guided by Ultrasound 

Under review
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Nat. Commun. 2014, 5, 3277 Sci. Rep. 2015, 5, 9329J. Med. Chem. 2014, 57, 5395

J. Med. Chem. 2016, 59, 9974

Pd-Activated Prodrugs

Angew. Chemie 2017, 56, 12548

PATENTED
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Prodrug Safety and Activation

Alkylation of the N1 position of 5FU (cytotoxic drug used to treat colorectal and pancreatic cancer) resulted in 
biochemically-stable inactive derivatives (reduction of cytotoxicity >500 fold). 
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COLORECTAL 

Cancer Cells

PANCREATIC 

Cancer Cells

Pro-5FU

5FU
> 500 fold > 700 fold

EC50
EC50
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Nat Commun 2014, 5, 3277

Pro-5FU

5FU

Pro-5FU
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Beyond Palladium

a

b

1
(20 µM)

DMSO

1 (20 µM) DMSO

488 nm Brightfield

100 µm

100 µm100 µm

100 µm

p < 0.0001

We envisioned that embedding Au-NP in a solid support would serve to protect the metal from large 

thiol-rich biomolecules, while allowing the free entry of alkyne-functionalized small molecules to 

undergo gold-mediated chemistries even in biological systems >> safe prodrug activation

Angew. Chemie 2017, 56, 12548
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[Au]-resin

+ PROBE

488 nm Brightfield

100 µm

100 µm100 µm

100 µm

Intracranial Activation of a Pro-dye

First example of heterogeneous metal-catalyzed release of a chemical reporter 

performed in the brain of a living animal

[Au]-resin
In the brain of a 

zebrafish embryo

[Au]-resin

only

Angew. Chemie 2017, 56, 12548
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THERA

CAT
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ESR 5
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ESR11
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Secondments

Use of our expertise in prodrug design by THERACAT partners
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1.3. Workplan Tables
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WP4
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WP8


