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WP1 – Overall Goal

Enabling platform for the delivery of optimised leads at an accelerated pace

Target-to-Hit Hit-to-Lead
Lead 

Optimizat ion Preclinical Phase I Phase II Phase III
Submission-

to-Launch Launch

Lead optimisation is traditionally considered the place 

where academic drug discovery projects go to die a 

slow and painful death

• Deployment of an actual platform of general applicability

• Identification of optimised leads
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Adapted from Paul et al., Nat Rev Drug Discovery 2010. All costs are in million 2008 USD

Kola and Landis, Nat Rev Drug Discovery 2004. 

Intervening in the discovery phase is 

the best way to reduce attrition rates 

down the line
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A parametric sensitivity analysis indicates that improving the lead optimization step 

provides the greatest beneficial effect on the progression rate in Phase II 

and on the total cost per launch

Waring et al., Nat Rev Drug Discovery 2015. 



The Open Innovation Paradigm
“Open innovation is the use of purposive inflows and outflows of knowledge to accelerate internal innovation, and expand the

markets for external use of innovation.” Henry Chesbrough

Henry Chesbrough, Open Innovation. The New Imperative for 
Creating and Profiting from Technology. HBR Press 2003

Open Innovation

Target-to-Hit Hit-to-Lead
Lead 

Optimizat ion Preclinical Phase I Phase II Phase III
Submission-

to-Launch Launch

Platform

Attract external partners interested in:

• developing leads with activity at their targets
• test leads they already have for new activities

• optimise promising scaffolds
• etc. 

Attract external partners interested in:

• acquire intellectual property
• partecipate in joint ventures

Incorporate start-ups and spin-offs



WP1 – Impact

IMPACT

Description Means of Verification

In line with the tenets of open innovation (Chesbrough, 2006), we envision a bi-directional flow of
people and ideas between UniUrb and companies, that is made possible by an agile and externally

accessible platform that enables lead identification and optimisation. Encompassing advanced
computational methods, synthetic chemistry skills, in vitro/vivo pharmacology and sound knowledge in

key therapeutic areas, the platform generates value through:

i) Unique know-how, made available to both big players and local SMEs, limiting the need for
massive infrastructural investments (for example, for high-throughput wet screening), shortening

time to market, and, thus, with clear potential for attracting extramural funds and partnerships.

• Number of research contracts

involving the platform
• Total amount of extramural funds
attracted

ii) Composition of matter patents, claiming in house generated compounds active in key therapeutic
areas such as oncology. This IP is instrumental to incorporate spin-offs and attract investments

especially within the emerging framework of portfolio-companies.

• Number of patents granted

• Number of patents out-licensed
• Number of spin-offs incorporated



Of Drugs and Airplanes

“Many major aerospace

projects require a decade or

more of R&D along with over a

billion dollars in investment to get

a single new product to market.”

Why do not we approach drug discovery the same 

way?

Woltosz, J Comput Aided Mol Des. 2012; 26(1): 159–163.

• Biology is involved

• Limited accuracy of the input

• Multi-disciplinary Effort

• Information is largely incomplete

“All models are wrong, some are useful” G. Box



WP1 - Development of a third party-accessible, enabling platform for efficient preclinical drug discovery
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o Ultra Large Commercial Libraries (109)

o DL-generated Compounds (107)
o Combinatorial SAR Explorations (104)

Design

Synthesis
in vitro
Assay

Compound Prioritization by 

Computational Means 
(102)

Biochemical 

or Functional 

Assays

Biophysical Assays

Synthesis



WP1.1: Computationally-driven, Integrated Infrastructure for Lead Identification and Optimisation



WP1.1: Computationally-driven, Integrated Infrastructure for Lead Identification and Optimisation



WP1.2: Development,  validation and application of tools for rational polypharmacology

Manually curated dataset encompassing 158 DTDLs

3HCl

DTDL Target 1Target 2

Lembo and Bottegoni, 2024 J Med Chem, just accepted 

• Targets are paired based on pre-existing

independent validation at a given pathology. The

promise of network pharmacology (Hopkins, Nat

Chem Biol 2008), that the druggable genome

would have been greatly expanded by new target
combinations, has yet to be fulfilled.

• DTDLs largely exploit known regions of the

chemical space that the members of the target pair

have in common

• Representative DTDLs never significantly depart

from single target protype compounds

We have barely scratched the surface 

of what D/MTDLs have to offer to 

therapy and ultimately human health



WP1.2: Development,  validation and application of tools for rational polypharmacology

Title: 
(Gilberto Spadoni)

Potential neuroprotection induced by 
MGL inhibithors and melatonin

Design of new dual-acting MLTR agonists-MGL inhibitors 
combining the pharmacophore elements of melatoninergic
ligands and MGL inhibitors

1st pathway

2nd pathwayKey step:
ortho-halogenation

Good yields

Lead 
optimizatio

n
16 Novel derivatives

Garcinoic acid: A natual lead compound advanced to chemical optimization

G a rc in ia  k o la
Garcinoic acid

Extratio
n

Extratio
n

hPXR X-RayhPXR X-Ray

Key hot-spots

PXR activity
Off-target (selectivity): PPARa, 5-LO
Metabolism

Synthesis of novel garcinoic acid analogs (n= 16)  (Gioiello - UniPg)

In vitro screening of the novel derivatives as PXR ligands (Tes Pharma)

Computational analysis (structure-activity relationship)  (Bottegoni - UniUrb)

In silico e biophysical PK/PD profiling of best PXR ligands (Goracci/Macchiarulo - UniPg)

In vivo validation of best PXR ligands (Galli/Zelante - UniPg)

Scale-up optimization of preclinical candidates (Gioiello/Vaccaro - UniPg)



WP1.3: Test bed for preclinical compounds against innovative targets for metastatic cancer

Polyamino-bis-Maltol Compounds

Malten C6-Functionalized derivatives

Malten analyzed at both biological and molecular levels for its
antiproliferative activity against cancer cells showed biological activities
associated with the modulation of genes having key roles in cell cycle
progression and apoptosis. Recently a new set of polyamino-bis-maltols
compounds) was synthesized by functionalizing the C6 position of the maltol
units with different groups.

[British Journal of Cancer (2012) 103(2), 239-24]
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The new set of molecules in parallel with
Maltol and Malten, tested for
comparison, were solubilized in DMSO
and screened for their ability to decrease
the cell survival of U937 tumor cell line.
Cells treated using the same volumes of
DMSO used in the treatments with the
new molecules were also used as
control. As reported in the graph, a10
and a11 showed a marked reduction of
U937 cell survival compared to that
caused by Malten (48 h treatments at
the dose of 10 µM).

a11 was also tested in dose-response
experiments towards a panel of
different tumor cell lines at 24h and 48h
of treatment showing an appreciable
selectivity for hematopoietic tumor over
solid tumor-derived cell lines and less
activity against a human normal
fibroblast cell line (WI-38) respect to
neoplastic cells.

The biological activity of a11 was deepened using the U937 cell line as model. 24 h of treatment with a11 were found to induce a
slight accumulation of cells in the G2/M phase of the cell cycle at the concentration of 0.5 µM and to strongly increase the
percentage of hypodiploid cells starting from the concentration of 1 µM. These observations suggest that a11 might exert its
activity on U937 cells through the activation of the apoptotic cell death program, even if further studies will be necessary to
confirm this observation.
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Task 8.1.3 -Amino Acid-Based Boron Carriers in Boron Neutron Capture Therapy (BNCT)

Dose-dependent uptake of borono tryptophan derivatives. 

CAL27, a human oral squamous carcinoma cell line representing head and neck cancer, 
and U87, a human primary glioblastoma cell line representing brain tumor. 
Both have been proposed to express LAT1

Timonen, Juri M.
Univ Eastern Finland, Fac Hlth Sci, Sch Pharm, Kuopio, Finland
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Lead compound optimization of EN460, a known ERO1A inhibitor

EN460

• Characterization of the binding 
by using ERO1A recombinant protein and 
Surface Plasmon Resonance (SPR) 
1. Purification of ERO1 A recombinant 

protein
2. Analysis of ERO1 binding upon ERO1A 

recombinant protein immobilization by 
SPR 

• Docking analysis • Modification of three side 
chains

• Characterization of the potency of (23) different compounds
in breast tumor cells

• Anti-tumoural activity in  syngeneic and 
immunocompromised mice

1. Characterization of tumor growth and 
spread

2. VEGFA content
3. RNA sequencing and pathway analysis 

1. Viability in E0771 and MDAMB231 breast cancer cells
2. ERO1A inhibition by assessment of its redox state
3. VEGFA secretion by VEGFA ELISA

Logo

Characterization of IDO1-mediated signaling in tumor cells (Orabona – UniPg)

Rational design of small molecules stabilizing IDO1 conformations suitable for the protein 
degradation (DSF - UniPg)

Synthesis of IDO1 degraders (UniPg + UniUrb?)

In vitro screening of IDO1 degraders (Orabona – UniPg)

Biophysical PK/PD profiling of best IDO1 degraders (Macchiarulo - UniPg)

In vivo validation of the best IDO1 degraders (Orabona - UniPg)

Scale-up optimization of preclinical candidates (UniPg + UniUrb?)

Design and development of IDO1 protein degraders (PI: Ciriana Orabona)



Grazie per l’attenzione
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