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Therapeutic development pipeline

A solid and robust preclinical study grounds on reliable and predictive models of disease and aim to:

• identify a lead candidate from several hits

• validate a target and its mechanism of action through proof-of-concept studies

• select the best formulation

• measure off-target effects

• support the intended clinical trial.
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Bidirectional translational science continuum:

The preclinical translational process

B2B, from bench to bedside and back 

✓ from bedside to bench: researchers receive

feedback on the applications of new treatments

and informations on how they can be improved

✓ from bench to the patient's bed: new

therapeutic strategies are developed through

research from a clinical point of view;
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Mouse: universally recognized as pivotal model for basic,

translational and applied research with good accuracy

ADVANTAGES

Cheap, fast growth, well established genome, many species

and transgenic strains, mammalian, high physiological and

genetic similarity with the human species

Animal models for disease modeling and drug development

Murine models can be spontaneous, induced or transgenics and can be used to:

• Determine main functions of genes and/or proteins

• Study human pathologies caused by gene inactivation, deficiency or mutations

• Induce a phenotype to create a disease model or in vivo research tool

• Proof-of concept and clinically-oriented studies of new drugs

• Safety and toxicology studies
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Knock-in mice: a gene sequence is inserted at a particular
locus

Knock-out mice: by means of gene targeting, one or more
genes of interest are disrupted or inactivated or substituted
with a mutation that leads to the loss of the specific protein
function

Substitution, insertion or inactivation of the target gene can be
• constitutive (permanent) or
• conditional, spatial (in specific tissue or cell types) or

temporal (at a given time-point in embryonic, post-natal or
adult animals)

Genetically modified animal models
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Zebrafish: a power preclinical model for drug discovery

Patton et al., Nat Rev Drug Dis 2021

✓ Zebrafish are vertebrates and therefore have similar

tissues and developmental biology to humans

✓ Precision gene editing in zebrafish can generate models

of human disease, ricapitulating some of aetiology found in

patients

Zebrafish models have been

generated for a wide array of 

cancers, heart disease, liver

disease and behavioural disorders
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Zebrafish drug discovery and optimization for clinical development

Patton et al., Nat Rev Drug Dis 2021

The ability to add small molecules at various

stages in development is crucial for screening

compounds within a specific developmental or

disease time-windows

Drug screens in zebrafish involve arraying zebrafish

embryos into multi-well plates in which each well contains

a different drug

The whole-animal zebrafish screening assays

enable deep phenotyping of drug activity on

organs and tissues at single cell resolution

the case of thalidomide

For some drugs, zebrafish recapitulate effects

seen in humans better than mouse model do:
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Zebrafish drug discovery and optimization for clinical development

Patton et al., Nat Rev Drug Dis 2021

✓ Mutation in SCN1A caused Dravet syndrome,

a form of a rare epileptic encephalopathy

✓ Zebrafish with LoF mutation in SCN1A has

spontaneous seizures and covulsive-like swim

behaviours

✓ A screen of 3000 FDA-approved drugs

identified clemizole, a 5-HT receptor agonist,

as a chemical suppressor of spontaneous

seizures in SCN1A mutant zebrafish

✓ Compassionate use in 5 children with Dravet

syndrome show efficacy in reducing total

seizures; Clinical use: phase II clinical trial

An ‘aquarium-to-bedside’ example
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principle of the 3Rs

The 3Rs are a firm legal requirement in the Directive 2010/63/UE on the protection of animals used

for scientific purposes and in the Italian Decreto Legislativo n.26 del 04/03/2014

The principles of the 3Rs
(Replacement, Reduction and Refinement)

Basic Updated

REPLACEMENT Avoiding or replacing the use of animals in areas
where they otherwise would have been used.

Accelerating the development and use of predictive
and robust models and tools, based on the latest
science and technologies, to address important
scientific questions without the use of animals.

REDUCTION Minimising the number of animals used
consistent with scientific aims.

Appropriately designed and analysed animal
experiments that are robust and reproducible, and
truly add to the knowledge base.

REFINEMENT Minimising the pain, suffering, distress or lasting
harm that research animals might experience.

Advancing research animal welfare by exploiting the
latest in vivo technologies and by improving
understanding of the impact of welfare on scientific
outcomes.

The use of animal models in preclinical studies cannot disregard the respect for the principle of the 3Rs:
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Alternative tools

Replacement may be achieved through a number of tools or their combinations including:

• in vitro systems using tissues, whole cells or parts of cells (including organ on chip, 3D

cultures and organoids)

• systems based on biochemical approaches, i.e. using synthetic (macro)molecules as

surrogates of (reactive) toxicity targets. Such methods are referred to as in chemico

• computer-based models and approaches – often termed in silico

• use of 'omics' technologies (e.g. transcriptomics, proteomics and metabonomics)

• non-testing approaches such as 'read-across' technique

• Digital health data and Real World Evidence
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Primary cell cultures

Advantages

• Retain morphological and functional characteristics of

original tissue, including pathological alterations

• Allow to reduce the animal use and inter-species

variation that can modify drug action and toxicity.

• High potential for pharmacological studies

Limits

• Rapid senescence with changes in characteristics

• Risk of contamination

• Limited self-renewal and differentiation ability

• Different features in relation to donor characteristics

• Finite lifespan

Primary cell cultures are isolated from human or animal tissue
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Immortalized cell lines to overcome the finite lifespan

Cells derived from tumors or cells

that have undergone a genetic

modification or manipulation to 

obtain the ability to proliferate 

indefinitely

✓
✓

✓

✓

Methods:

• Viral genes

• Telomerase Reverse Transcriptase 

protein (TERT)

• Tumor Suppressor Gene 

Inactivation
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Induced pluripotent stem cells (iPSCs): a great promise in 

regenerative medicine

iPSC are derived from skin or blood cells that have been 

reprogrammed back into an embryonic-like pluripotent state that 

enables the development of an unlimited source of any type of 

human cell needed for therapeutic purposes 
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Application of human cardiomyocytes from iPSC in Brugada Syndrome

Li et al., J Am Heart Assoc 2022

Brugada syndrome is a rare and

serious condition characterized by

an altered electrical activity of the

hearth causing arrhythmia

especially during sleep or at rest.

Nav1.5 channel
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A reliable cellular model-based platform for pharmacological 

preclinical studies on Tubular Aggregate Myopathy 

Proliferation medium

Fetal bovine serum

Penicillin-streptomycin solution 

Insulin 

L-glutamine

Human basic fibroblast growth 

factor 

Epidermal growth factor 

Differentiation medium

Insulin 

Penicillin-streptomycin solution 

L-glutamine

Fungizone

Patient carrying

STIM1 L96V mutation

T0 T1 (5 days) T2 (10 days)

Conte et al., Front Cell Dev Biol 2021
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A reliable cellular model-based platform for pharmacological 

preclinical studies on Tubular Aggregate Myopathy 

Conte et al., Front Cell Dev Biol 2021

Ctrl STIM1 L96V

T0

T1

T2

Myoblast Myotubes

Cytofluorimetric analysis

Morphological analysis 

Gene expression analysis

Cell model ready 

for drug discovery
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Organoids and Organ-on chip to reproduce organ-level functionality
necessary for realistic disease modeling

Organoids: 3D multicellular in vitro tissue culture that has

the capability to mimic its corresponding in vivo organ

Organs on chip: have microfluidic channels lined by

living human organ-specific cells, emulating the

physiological environment and the function of human

organs on a chip
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Human organoids in preclinical research

Xu et al 2018

Organoids can be derived from pluripotent and adult stem cells,

primary tissue or cancer cells, derived from various organs and

can produce mesodermal, endodermal or ectodermal lineages

depending on the organoid to be generated.
Xu et al 2018

Organoid technology has high potential for preclinical 

research and clinical applications 

model and study 

organ and human 

diseases

platform to 

evaluate drug 

efficacy and 

toxicity

alternative 

approach to 

tissue 

replacement 

strategy for non-

functional 

organs
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Organoids and Organ-on chip

Lung

Brain

Organoids and organs-on chip represent a very promising

part of tissue engineering. They have many advantages:

• The use of a reduced number of animals

• Increase reproducibility

• Complex pathological studies

• Personalised therapy

Obtaining an organoid is a complex process: many of

them represent single cells or partial components of a

tissue, and it is often difficult to control the cell type, the

organization, and cell-to-cell interaction
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Alternative tools

Replacement may be achieved through a number of tools or their combinations including:

• in vitro systems using tissues, whole cells or parts of cells (including organ on chip, 3D

cultures and organoids)

• systems based on biochemical approaches, i.e. using synthetic (macro)molecules as

surrogates of (reactive) toxicity targets. Such methods are referred to as in chemico

• computer-based models and approaches – often termed in silico

• use of 'omics' technologies (e.g. transcriptomics, proteomics and metabonomics)

• non-testing approaches such as 'read-across' technique

• Digital health data and Real World Evidence
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RWE is defined as “the clinical evidence about the usage and

potential benefits or risks of a medical product derived from

analysis of Real-World Data (RWD)”

RWD includes “big data”, i.e., “extremely large datasets which are

complex, multi-dimensional, unstructured and heterogeneous,

which are accumulating rapidly and which may be analyzed

computationally to reveal patterns, trends, and associations”

RWE traditionally collect data in post-authorization phase for

safety assessment, risk management, and life cycle benefit-risk

evaluation

Increasing interest in pre-authorization phase of medicines

development to fill the gap between clinical research (RCTs) and

real-world practice ex. for product approval or label expansion in

situations where RCTs were unavailable, such as the cases of

rare diseases lacking adequate treatment

Real World Evidence in drug development
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Imbrici et al., Br J Pharmacol 2017

Pharmacovigilance for identification of target and ligands

Renal ClC-K chloride channels

mutations causes Bartter syndrome

Considering that Bartter Syndrome could be related to the block of ClC-K channels, we used pharmacovigilance database

to search for drugs having a Bartter-like syndrome as a reported side effect, in order to identify ClC-K ligands
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✓ Valsartan and olmesartan are

able to bind and block ClC-K

channels: this effects could be

relevant in Bartter syndome

✓ we identified a new class of ClC-

K ligands and evaluated an

additional mechanisms of action for

sartans further to their primary AT1

receptor antagonism likely

contributing to their antihypertensive

effects

Pharmacovigilance for identification of target and ligands

Effect of valsartan onheterologously expressed

ClC-K chloride channels

Imbrici et al., Br J Pharmacol 2017
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Experimental strategy in drug discovery: the integrated approach

This allows a

mutual and integrated 

translational process 

with high therapeutic 

potential
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