
Methods: from disease 
models to therapy

(BIOENG-518)

Developing and validating screening assays
in the frame of Drug Discovery
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Duchenne Muscular Dystrophy

• Genetic disease / Dystrophin

• Primary therapies: Gene therapy / translation
or splicing modifiers

• Secondary therapies: Drug Discovery including
drug repurposing and small molecules
screening (e.g. anti-inflammatory drugs –>
gluco-corticosteroids derivatives)
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DMD treatment options
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Heydemann & Siemionow, Biomedecines, 2023, 11, 830



DMD therapies
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Verhaart & Aartsma-Rus, Nature Neurology Review, 2019, 15, 373
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DMD: molecules in clinical trials

Verhaart & Aartsma-Rus, Nature Neurology Review, 2019, 15, 373



Goals of the course

• To understand screening activity, including:
– the general frame in DD

– the rational behind – importance of assay

– the linked quantitative analysis (including
statistical validity, limitations…)

– the output follow-up

• For practical part : to handle different kinds of 
experiments related to screening assays and 
to analyze generated data
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Discovery and Development of a Drug
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Discovery Preclinical Phase 1 Phase 2 Phase 3

Biology HTS
Hits to 

Leads

Traditional Drug Discovery Process

Drug Discovery

Drug discovery is the process whereby compounds with activity

against a specified target or function are identified,

Evaluated, and optimized for clinical applications
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Target identification 

and validation

Primary screening of 

compound collection

Initial SAR from 

selected compounds

Hits
Confirm hits

Examine structures

Prioritize hits

Hits to Leads
Potency studies

Compound analysis

Preliminary pharmacology

Preliminary animal efficacyIdentify potential 

LEADS

Med/Chem

Synthesis

Med/Chem

Synthesis

Mechanistic studies

Animal efficacy / ADMET

QSAR /pharmacophore modeling

Potency and selectivity

Detailed toxicity studies

Administration route

Drug interactions

IND 

application
Clinical Trials

Lead optimization

Strategy for preclinical drug discovery

RNAi as a strategy for target discovery/validation
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Chemical Genetics: HTS in phenotype-based assays



The major goal of a screening
is to identify an active entity
(chemical, siRNA…) against :

- a biological target 
- a pathway
- a phenotype

Chemical Biology
Systems Biology 
Drug Discovery 
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Primary screening: the players
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Library
- Chemicals
- siRNA…

Assay (MICROPLATE)
- Target
- Cellular pathway
- PhenotypeInstrumentation

- Liquid handlers
- Readers

Data analysis and data management
of experimental results (LIMS)

Screening allows the identification of active entities (compound, protein…)
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Chemical Libraries

– Bioactive compounds

– Repurposing collection

– Diversity based libraries

– Focused (PPI, kinases, GPCR, nucleosides…)

– Natural products

– Swiss Chemical Collection (academic)

– (Fragments based)
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Descriptors used for selecting the 
Chemical Diverse Collection of BSF-ACCESS

Rule of five (RO5) is a rule to evaluate drug-likeness or determine if a chemical compound with a certain

pharmacological or biological activity has properties that would make it a likely orally active drug in humans.

The rule was formulated by C.A. Lipinski in 1997, based on the observation that most orally administered drugs

are relatively small and moderately lipophilic molecules.
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Description of the triangular molecular shape-triangle as proposed by Sauer and Schwarz.[1, 2]

A) Example of the calculation of the Px-, Py-,Pz-, P1- and P2-descriptors for a solid disc.

B) (P1,P2)-space showing the occupancy of the currently chemical space of commercially

available compounds. The sharp corners of the triangle represent the three different possibilities

of 1D-, 2D- and 3D-molecules. These points are located at (0,1), (0.5,0.5) and (1.0,1.0)

respectively.

In addition to the ‘rule of five’, shape has been used at the BSF as a criteria for 

selecting a chemical diverse collection of 54’000 compounds

Molecular shape as a descriptor
for selecting the CDC of ACCESS
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The medicinal chemist Christopher Lipinski and his colleagues analysed the physico-

chemical properties of more than 2,000 drugs and candidate drugs in clinical trials, and

concluded that a compound is more likely to be membrane permeable and easily absorbed

by the body if it matches the following criteria:

- Its molecular weight is less than 500.

- The compound's lipophilicity, expressed as a quantity known as logP (the logarithm of

the partition coefficient between water and 1-octanol), is less than 5.

- The number of groups in the molecule that can donate hydrogen atoms to hydrogen

bonds (usually the sum of hydroxyl and amine groups in a drug molecule) is less than 5.

- The number of groups that can accept hydrogen atoms to form hydrogen bonds

(estimated by the sum of oxygen and nitrogen atoms) is less than 10.

The rules, based on the 90-percentile values of the drugs' property distributions, apply only to absorption

by passive diffusion of compounds through cell membranes; compounds that are actively transported

through cell membranes by transporter proteins are exceptions to the rule. Due in no small part to their

simplicity, the Lipinski criteria are widely used by medicinal chemists to predict not only the absorption of

compounds, as Lipinski originally intended, but also overall drug-likeness.

Lipinski's rule states that, in general, an orally active drug has no more than one violation of the criteria.

The rule of five
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Trends in chemical selection

• Rational (pre)selection by:

– Virtual screening

– Structural similarity search

– Deep learning

=> decrease of screened compounds number
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Trends in chemical selection
• Drug repurposing • Drug combination
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Drug repurposing examples
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Chemicals storage and QC

Automated storage system for 

tubes and  plates Capacity > 

200’000 compounds

LC-MS system for checking chemical integrity

(+ access to NMR if needed)
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Instrumentation : robotic devices
Integrated system (driven by a scheduler) including:

- a robotic arm

- a liquid handler (conventional pipettors or acoustic
dispenser) & dispensers

- centrifuge/ peeler / sealer / ( washer / shaker) 

- hotels and cell incubator
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Open access instrumentation
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Multimode microplate readers
Biotek: NeoHTS, SynergyH1
Tecan: Spark, Infinite F500

Automated fluorescence microscopes 
GE InCell Analyzer 2200
Molecular Devices ImageXpress

Digital Holographic Microscope
(LyncéeTec SA)

Dispensers & Washers
(Multidrop, Microflow, EL405/406)

Cell culture 
(laminar flow) 21



BSF internal LIMS for large data set 
management, analysis and visualization

Tracking through barcode

Image analysis
with CellProfiler
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Data sharing platform-Webportal

• Web-based application for the transfer and the 
presentation of assay information and analyzed
data

• Portal for the post-screen annotation of 
compounds

• Browsing of NCCR chemical collections

• Multilayered access to information
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Data sharing platform-Webportal
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Type of screening assays
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Targets families
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Nuclear receptors

GPCR

Ion
channels

Transporters
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Targets families: enzymes
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Kinases / Phosphatases
Proteases

Epigenetic

Metabolic (AA, NO…)
Ubiquitination
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Other «Targets families»
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Micro-organisms
Bacteria
Fungis
Yeasts

Cell proliferation / migrationPathway regulation

Protein - protein /DNA interactions

Protein secretion
(cytokines…)

ELISA / RIA assays
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Examples of complex assays
Example of co-culture assay
(EPFL- Radtke lab – Luc reporter gene)

Example of hypoxia in clusters

Example of 3D (trevigen)

Marc Chambon - SV PTCB - March 21 2025
Quail DF et al. J. Biomol. Screen. (2012) 17 : 1088-1095
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Examples of complex assays (II)
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Screening for small-molecule regulators 
of hESC self-renewal, differentiation or 
death with phenotypic readout

- Stem cells
- 28 days protocol
- Microscopy reading

SC Desbordes & L Studer (2013)
Nat. Protocols 8, 111–130



Examples of complex assays (III)
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Primary cells like neurons,cardiomyocytes
- typically 2- 3 weeks of culture after isolation 
- limited amount of cells available

Whole organisms like worms, nematodes, zebrafish
- low number of organisms per well
- technical issue to «manipulate»
- low drug permeability



Trends in complex assays 
-> to increase biological relevance

• Relevant cellular models

• 3D cell culture

• Spheroids

• Organoids

• Phenotypic readout

• Supervised / unsupervised
analysis

• Deep learning analysis
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Diversity of assays
• Binding vs functionnal

• Cell based (or not) : cell line, primary cells, co-culture assay, 3D , micro-
environnement…

• High content (or not) : automated microscopy imaging (fluo, label-free), 
automated flow cytometry

• GPCR: binding, coupling at GTPase level, downstream effectors (cAMP, 
Ca2+, reporter genes…), internalization…

• Nuclear receptors: cell-based or not, binding (receptor–activator / 
receptor DNA), downstream effectors (cAMP, Ca2+, reporter genes…), 
internalization…

• Transporters : specific cell-based devices, R* binding / uptake…
• Ion channels : R*, fluo, electrophy…
• Enzymes: binding, activity, activation (R*, fluo & co…)
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Assay Development for Screening

• Large diversity of targets

• Different types of assays

• Huge kinds of readouts

… but single strategy

➢ Which parameters are impacting the assay?

➢ How to control them for ensuring high assay
quality (quantitative analysis, reproducibility)?
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A robot is stupid!

It will never make working…
an unworking manual assay

Typical workflow
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Define possible HTS compatible assay format

Develop, optimize, and validate manually screening assay

Assay automation (miniaturization) and validation (robotic z’)

Pilot screen

Establish confirmation process

Research assay

Primary screen

35



The 5 minutes story: 5 X 40 = 200!

Assay design : research vs screening
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HTS compatibility

• Homogeneous assay preferred (mix and read)
• Limited number of steps
• Incubation time and temperature (RT preferred)
• Reproducibility

• Resistance to interferences
• Sensitivity (saving reagent amount)
• Miniaturization
• Content versus throughput
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HTS plate configuration
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• Single standardized plate layout

• Each plate includes negative and positive 
controls (for data analysis and validation)

• Replicate on different plates

• 96W > 384W by quadrant
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Which data set is the best?
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Assay validation: statistical analysis
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1 ≥ Z’ > - ∞
Z’ = 1 : perfect assay
1 > Z’ > 0.5 : good assay
0.5 > Z’ > 0 : poor assay
Z’ = 0 : yes / no assay
Z’ < 0 : screening not possibleCoefficient of variation 

CV (%) = 100*s/m

1 2 3 4 5 6 7 8 9 10 11 12

A

Negative control 

(n=48)

Positive control 

(n=48)

B

C

D

E

F

G

H
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Example of z’ factor determination
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Z’ factor characterizes the quality of primary screening assay
Z’ factor allows to expect the quality of quantitative analysis like dose response curve

Z’ = 0.72
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Parameters impacting z’ factor
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Parameters impacting z’ factor
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z’ factor as a key parameter
for driving assay improvment

• What is driving the value of my z’ factor?

->  variability and/or mean difference?

• Why is the difference between negative and positive means
so small? 

– need of technology shift, e.g from absorbance to fluorescence

– stable cell line vs transcient transfection…

• From what is arising the variability?

– single step as the main variability source or cumulative effect

– Variability analysis of each step (through CV)
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Defining primary screening follow-up
This process should address any potential limitation of primary screening

• Confirmation step(s) : repeat, post-reaction testing, interference
detection (like autofluorescence), filtering/counterscreen assay
(mainly linked to the screening assay)

• Compounds QC

• Dose response curve (quantitative analysis)

• Secondary assays (cytotoxicity, additional cell line, other technology
for readout…)

• Study of MOA (inhibition type)

• Direct interaction measurement (MST, SPR, ITC…)
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Medicinal chemistry / Hit to lead

• Confirmed hit (scaffolds, chemical series)

• Chemical tractability / complexity of synthesis

• Improve affinity / specificity / potency (SAR)

• Improve physico-chemical properties

• Lower toxicity

• IP: novelty / freedom to operate
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Early ADME/TOX characterization

• Solubility (logS) /stability

• Lipophilicity (logP, logD7.4)

• Permeability (Papp) 

(PAMPA, Caco2 cells)

• P-gp efflux (cell excretion)

• Cytochromes P450 

(3A4/2D6/2C9/1A2/2C19)

(metabolic stability)

• Cytotoxicity

– Control cell line(s)

– HepG2 (hepatotox)

• Genotoxicity

– Micronucleus

– Ames tests

• Cardiotoxicity

- hERG channel (QT prolongation)

- cardiomyocyte beating
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Presentation of the practical course at BSF

• Measurement of chemical cytotoxicity in 
myoblast cells (H9C2) with different readouts 
(Digital Holographic Microscopy versus 
automated fluorescence microscopy versus 
metabolic fluorescent reporter)

• Introduction to automated compound 
management and demo of using an acoustic 
dispenser (Echo, Labcyte) for plating chemical 
compounds (single dose and dose response 
curves) in a 96W plate
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