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Rational drug design

“…..This approach is not only 
of great importance for a 
real understanding of the 
life processes but also the 
basis of the of a truly 
rational use of medicinal 
substances….”

Paul Ehrlich, Nobel Lecture
December 11, 1908



Drug Discovery pipeline

Early stage 
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discovery

Preclinical 
studies in 

animal models

Phase I safety: 
20-80 healthy 

individuals

Phase II 
efficacy: 100-
300 patients

Phase III 
efficacy safety: 

1000-3000 
patients

FDA review 
and approval

Post approval

Disease 
Selection

Target 
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Target 
Validation

Lead 
identification

Lead 
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Cost

FDA approval

(2-3 years)



FDA-approved drugs (2016):
667 human targets



Drug Targets

• Known targets
893 human and pathogen-derived biomolecules 

• Known drugs
1,578 US FDA-approved drugs

2006 324
2016 667 

Santos etal Nature Reviews Drug Discovery v16, 19–34 (2017)



Drug targets

Dominance of privileged 
target families

Major protein families as drug targets.

Distribution of non-approved compounds in ChEMBL

Santos etal Nature Reviews Drug Discovery v16, 19–34 (2017)



The druggable genome

 Targets of approved drugs

Small 

molecules

700 

Biotherapeutics

150

23

Anna Gaulton The Druggable Genome EMBL - EBI, ChEMBL Group



The druggable genome
Total druggable space

Small molecules

~2500

~4500

Biotherapeutics

~2500-4000

Anna Gaulton The Druggable Genome EMBL - EBI, ChEMBL Group



Target validation

Druggability
• The amenability of a molecular target (within the 

context of a cell, tissue, or whole organism) to 
pharmacologically useful functional  modulation 
by synthetic compound(s) with drug-like 
properties.

Ligandability
• the propensity of the target to bind small-

molecule compounds with high-affinity

Target validation 
• the process of gathering evidence to provide 

confidence that modulation of a target has the 
potential to treat a disease.

U. Bauer A.L. Breeze in Lead Generation-Methods and Principles in Medicinal Chemistry 2016 Wiley



Assessing druggability

Predicted 
druggable 
based on 
sequence 
features

Protein 
structure 
contains 
drug-like 
pockets

Binds 
endogenous 
drug-like 
ligands

High affinity 
drug-like 
compounds 
available

Compounds 
in clinical 
trials for the 
protein

Protein is an 
established 
small molecule 
drug target

Sequence analysis

e.g., Machine-learning 
algorithms

Structural 
analysis

Protein Data Bank

Metabolite/ligand 
databases

ChEBI, HMDB, KEGG, 
IUPHAR

Pharmacology 
databases

ChEMBL, 
PubChem, 
BindingDB

Clinical trial 
databases

ClinicalTrials.gov

Drug databases

DrugBank, TTD, 
DailyMed, ChEMBL

Sequence-based Structure-based Ligand-based Precedence-based

Increasing confidence in druggability

(from Campbell et al, 2010)
Anna Gaulton The Druggable Genome EMBL - EBI, ChEMBL Group



Technologies

http://www.biotechnet-mps.de/track_project.html

Recombinant Proteins



High Throughput Screening

X-ray 

http://www.selcia.com/

NMR 

ITC MS 

FRET DSF 

MST 

SPR 

Nat Rev Drug Discov 15, 679–698 (2016).



Hit to Lead

Nat Rev Drug Discov 15, 679–698 (2016).



Screening for active compounds

The chemical space

The actual space: 1060 drug-like 

molecules

“Space is big. You just won't believe how vastly, 
hugely, mind-bogglingly big it is”

Douglas Adams



Chemical
Libraries



New Technologies

https://labiotech.eu/crispr-cas9-review-gene-editing-tool/ http://eng.thesaurus.rusnano.com/wiki/article3699

Silencing GenesGene editing

http://eng.thesaurus.rusnano.com/wiki/article3699


Transgenic animals

http://11e.devbio.com/wt031002.html



Zebrafish

Nature Reviews Drug Discovery 14, 721–731 (2015)https://www.nature.com/scitable/topicpage/mapping-genes-to-chromosomes-linkage-and-genetic-377



Animal models - Humans

Santos etal Nature Reviews Drug Discovery v16, 19–34 (2017)



New technologies

Nature Reviews Drug Discovery volume 15, pages 751–769 (2016)



iPSC

R.H. Anderson, K.R. Francis Molecular and Cellular Probes 40 (2018) 52–59



Autism spectrum disorders 
(ASDs)





https://wyss.harvard.edu/technology/human-organs-on-chips/

Materne etal Lab Chip, 2013,13, 3481-3495  



Genomics

Paediatric glioblastoma:

• Deadly childhood tumor
• Standard treatment with 

marginal clinical benefit
• No molecularly targeted 

therapy is currently used

Target

Approach

1. Whole-genome sequencing.

2. RNA-sequencing.

3. Target validation – in  vitro/in vivo.

4. Translation into the clinic.



Paediatric glioblastoma:

• Deadly childhood tumor
• Standard treatment with 

marginal clinical benefit
• No molecularly targeted 

therapy is currently used

1. Whole-genome sequencing.
Identification of critical genetic alterations

- Mutations in cell cycle regulatory genes (TP53)
- Aberrant activation of RTKs and PI3K-MAPK signaling
- Amplification of EGFR, PDGFR and MET

Target

Approach

1. Whole-genome sequencing.

2. RNA-sequencing.

3. Target validation – in  vitro/in vivo.

4. Translation into the clinic.



Paediatric glioblastoma:

• Deadly childhood tumor
• Standard treatment with 

marginal clinical benefit
• No molecularly targeted 

therapy is currently used

Target 2. RNA-sequencing.
Identification of fusion transcripts

- Most frequently affected gene was MET
- Various oncogenic MET fusions determined

Approach

1. Whole-genome sequencing.

2. RNA-sequencing.

3. Target validation – in  vitro/in vivo.

4. Translation into the clinic.



Paediatric glioblastoma:

• Deadly childhood tumor
• Standard treatment with 

marginal clinical benefit
• No molecularly targeted 

therapy is currently used

Target 3. Target validation – in  vitro/in vivo
Pharmacological MET inhibition in vitro.

- Use of MET inhibitors foretinib, SGX523 or crizotinib
- Inhibitors abrogated MET-fusion-induced MAPK activation in TFG-MET-overexpressing cells
- Foretinib reduced viability in SJ-G2 cells

Pharmacological MET inhibition in vivo.
Allografts: mouse tumor cells allografted in mice
- foretinib significantly decelerated MET-fusion-driven tumor growth

Xenografts: SJ-G2 cells endogenously harboring CLIP2-MET fusion
- Prolonged survival of foretinib-treated mice determined - key downstream signaling reduced

SGX523

foretinib

Crizotinib
(Xalkori®) 

Approach

1. Whole-genome sequencing.

2. RNA-sequencing.

3. Target validation – in  vitro/in vivo.

4. Translation into the clinic.



Paediatric glioblastoma:

• Deadly childhood tumor
• Standard treatment with 

marginal clinical benefit
• No molecularly targeted 

therapy is currently used

Target

Approach

1. Whole-genome sequencing.

2. RNA-sequencing.

3. Target validation – in  vitro/in vivo.

4. Translation into the clinic.

3. Target validation – in  vitro/in vivo
Pharmacological MET inhibition in vitro.

- Use of MET inhibitors foretinib, SGX523 or crizotinib
- Inhibitors abrogated MET-fusion-induced MAPK activation in TFG-MET-overexpressing cells
- Foretinib reduced viability in SJ-G2 cells

Pharmacological MET inhibition in vivo.
Allografts: mouse tumor cells allografted in mice
- foretinib significantly decelerated MET-fusion-driven tumor growth

Xenografts: SJ-G2 cells endogenously harboring CLIP2-MET fusion
- Prolonged survival of foretinib-treated mice determined - key downstream signaling was reduced



Paediatric glioblastoma:

• Deadly childhood tumor
• Standard treatment with 

marginal clinical benefit
• No molecularly targeted 

therapy is currently used

Target Approach

4. Translation of findings into the clinic
Pilot phase of the INFORM personalized oncology program
- Patient received treatment with crizotinib (FDA–approved kinase inhibitor with activity against MET)

- Partial response of the primary lesion with concomitant relief of symptoms
- However, several new treatment-resistant lesions observed

Results:
• highlight new recurrent mechanism of tumorigenesis in pediatric glioblastoma
• underline importance of individualized molecular diagnosis for cancer patients 

as basis for optimal personalized therapy
• provide strong rationale for systematic analysis of MET inhibitors in future 

pediatric glioblastoma clinical trials.
Approach

1. Whole-genome sequencing.

2. RNA-sequencing.

3. Target validation – in  vitro/in vivo.

4. Translation into the clinic.



EPTRI

Aim:
Offer access to academic drug discovery facilities 

specialized to paediatric diseases, 

Provide integrated services, coordinating efforts 

among European Centres of Excellence, 

Implement cutting edge technologies, to accelerate 

discovery and preclinical drug development in 

paediatrics

Paediatric Medicines Discovery Platform



Preclinical Drug Discovery
Target Identification HTS development Cell based assays

Informatics Medicinal Chemistry Experimental Pharmacology
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EPTRI unique collection

Cell models 

Disease specific cell models for 
• muscular dystrophies, 

• brain injury, 

• apoptosis, 

• cancer etc

Specialised cell models 
• 3-dimensional cell cultures, 

• microtissue products, nano-culture spheroid plates, micropattern plates, 

• Patient derived disease models (oncology, ) on the basis of biobank samples. 

• Stem cells



EPTRI unique collection

Animal models 
Paediatric diseases animal models

Mouse model of premature ageing (Hutchinson-Gilford Progeria)

Drosophila model for Congenital disorders of glycosylation  (CDGs);

Mouse model for Duchenne Muscular Dystrophy (mdx)

Mouse, rat, hypoxia

Transgenic mice, xenografts

Drosophila model of motor neuon disease in particular hereditary spastic paraplegia genes

Periventricular leukomalacia, cerebral ischemia

Mouse models of primary immunodeficiency

Mice ADPKD model; juvenile rabbit BPD model; rabbit CDH model; PREPL mice model;

Zebrafish Dravet model

Murine medulloblastoma model. 

Mouse model of PCD with hydrocephalus and infertility



Areas of services

Genetic 
Approaches
(knock-out, si-
RNA, antisence

Target 
Characteriz

ation 
(expression, 
purification, 

structure)

Chemical 
probes

Bio

informatics

Target validation 



Areas of services

Paediatric disease specific cell models 

Disease 
models 

(Dystrophies, 
cancer etc)

Patient 
derived cell 

assays

iPSCs

Organoids 
3D CULTURES

Microfluidi
cs 

Cell based 
Screening

Gene 
editing 

(CRISPER/CAS9)



Areas of services

•Phenotypic characterization of novel genes identified in paediatric disease

•Generation of zebrafish mutant lines for modelling paediatric diseases

•Generation of zebrafish xenogeneic tumour models

•Chemical screening in Zebrafish models

Zebrafish models 

•Assessment of the neurotoxicity following perinatal exposure

•Assessment of the mechanisms and effects of therapeutic interventions in 
the juvenile bronchopulmonary dysplasia model. 

Rabbit Bronchopulmonary Dysplasia 
model 

•Safety assessment of paediatric drugs in development in healthy juvenile 
Göttingen Minipigs

•Study of the effect of cooling therapy on the PK of several drugs used in 
NICU in a neonatal Göttingen Minipig asphyxia model 

Göttingen Minipig model

•Preclinical studies, by testing the efficacy of therapeutic strategies, starting 
from the young age of P5

Rodent models of Rett syndrome 
and MECP2 or CDKL5 related 

disorders

•Metabolic profile and Behavioural phenotyping 

•Preclinical studies of new compounds
Rodents model of hereditary 

paediatrics disease.

•Analysis of the effects of acute or chronic drug administration on 
molecular, biochemical and morphological features

•Resuscitation and neuroprotection studies with different levels of oxygen 
and drugs

Rodent models of paediatric 
neurodevelopmental disorders

•Behavioural and physiological phenotyping analysis to test paediatric 
drugs’ efficacy in vivo

Rodent models of paediatric 
neurodevelopmental disability related 
to schizophrenia, epilepsy and ASD



Areas of services

Paediatric disease specific animal models 

Assays on New 
Molecular 

entities 

Pharmaco

kinetic

Drug 
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Toxicity

Mechanisms of 
Diseases



Areas of services

Virtual 
screening 

Hit-Lead 
Design

Chemo-
informatics

QSAR 
models

ADME 
prediction

Toxicity 
prediction

In Silico models 



Resource description



PAEDIATRIC MEDICINES DISCOVERY




