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Scientific publications

— LMIC : : ¥

— LIC &\ Data from WHO reports, 59



Ersilia

Free & Open
Source

Real-time code sharing
Permissive licenses
No patents
Reproducibility

Open Source

In-Country
Research

Avoid ‘helicopter research’
Science led by local institutes
Implementation in situ

Sustainable
Collaborations

Capacity building activities
Identify & train local
champions
Al/ML with low resources




Iltalo
Calvino

In Ersilia, to establish the relationships that
sustain the city’s life, the inhabitants stretch
strings from the corners of the houses, white
or black or gray or black-and-white according to
whether they mark a relationship of blood, of trade,
or authority, agency. When the strings become
so numerous that you can no longer pass
among them, the inhabitants leave: the
houses are dismantled; only the strings and their
supports remain. From a mountainside, camping
with their household goods, Ersilia’s refugees look
at the labyrinth of taut strings and poles that rise in
the plain. That is the city of Ersilia still, and they
are nothing.

They rebuild Ersilia elsewhere. They weave a
similar pattern of strings which they would like to
be more complex and at the same time more
regular than the other. Then they abandon it and
take themselves and their houses still farther away.

Thus, when travelling in the territory of Ersilia, you
come upon the ruins of the abandoned cities,
without the walls which do not last, without the
bones of the dead which the wind rolls away:
spiderwebs of intricate relationships
seeking a form.

Invisible Cities by Italo Calvino
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Open-source drug discovery

—

Al/ML models Drug discovery

Less 10% of drugs target infections

Al is cheap, but...

— Only 6% of Al papers share code
— Unclear benchmarks

— No experimental validation

— Al models are ‘black boxes’

— Strong technical skills are needed

Time to drug discovery

Haibe-Kains et al, 2020
Hudson et al, 2018
Lorica, 2019

Smith, 2018
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Plugging A.l. to the drug discovery pipeline

2-3years O5-1years 1-3 years 1-2 years o-6 years 1-2 years

Target discovery Lead Lead optimization ADME/Tox Clinical trials Post Approval

identification

Disease-gene prioritization

Target druggability assessment

Chemical library optimization

Ligand-based compound screening

Compound synthesis reaction plan

Compound optimization with desirable properties
Formulation prediction

Tissue-specific biomarker identification
Drug-drug interactions

Clinical trial design

Post-marketing ADR surveillance Ekins etal. 2019
Vamathevan et al, 2019
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The Al/ML pipeline

Starts with available experimental data (molecule & measured activity)...
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The Al/ML pipeline
... and continues by calculating molecular descriptors and training an algorithm
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Moriwaki et al, 2018
Duran-Frigola et al, 2020
Capecchi et al, 2020

Li et al, 2021
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The AI/ML pipeline

Once the model is fitted to the training set, we can input new molecules
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Ready-to-use Al/ML models

Output

Input .
e.g. largets

e.g.adrug

O Rawdata

O Processed data
O Modéel training

O Testing and tuning
O Validation

O External validation
® Deployment
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Al/ML in collaboration

Ersilia ‘trains’ @ model based on partner’s data

Your awesome project
You and us, 2021

Your question Our answer!

Zalrachem
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of HIV-1

>S..., 2018
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Ersilia Model Hub

Antibiotic
activity E.coli
Stokes et al, 2020

Large-scale OSAR
target profiles

Bosc et al, 2019

Biomedical text
summarization

Beltagy.., 2020

Human cell-line
sensitivity

Kuenzi et al, 2020

EGFR inhibitors
Ngoc et al, 2019

Binding pocket
descriptors

Zhang et al, 2020

Open Source

Toxicity panel
Tox21

Mayr et al, 2018

Design of focussed
molecule libraries

Segler et al, 2017

SARS-CoV-2
inhibition
Hofmarcher..., 2020

Drug-drug
interactions

Rezaul et al, 2019

Molecule
generation

Panagiotis.. 2020

Adverse drug
reactions

Ietswaart.., 2020

Blood-brain
barrier penetr.

Bertoni.., 2020

Chemoprotective
antimalarials

Antonova..., 2018

Transcriptomics-
based repurposing

Carrella.., 2014

100 models by Christmas 2021

Cancer
pharmacoge

Huanb et .

[

Retrosynt]
analysis

Thakkar...,

[

Physicoch
propertie:

Zhang et

[
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Biomedical knowledge graph

Is a

Cross—talk Q

Compartments
Uathways
Isa
Interacts
: '0 )
Functions S © Regulates
' D T Coexpresses
§ Covaries

Q
Perturbagens vea‘s‘ Diseases

%)mpounds_... caus®® ! j
Similarity ,ll Interacts

Duran-Frigola et al. WIREs Advanced Reviews, 2019



— The largest repository of bioactivity signatures of small molecules

— Based on massive integration of chemoinformatics and bioinformatics tools
— Experimentally validated for Cancer and Alzheimer’s research
— Currently being adapted to Infectious diseases

Duran-Frigola et al. Nature Biotechnology, 2020
Bertoni*, Duran-Frigola* et al. Nature Commmunications, 2021

‘W Pan-Cancer Activity DREAM Challenge, 2020


http://bioactivitysignatures.org

MDF CeMM 292

Classical chemical fingerprints
Cl

yous

HO
N7 N CH

1

CH,

3

C-Cl C-CHs N-ter

C-F C-OH =C Duran-Frigola et al. Nature Communications, 2014
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Chemical Checker sighature

Halofantrine belongs to the class of organic compounds known as and
derivatives. These are polycyclic compounds containing a phenanthrene moiety, which
Is a tricyclic aromatic compound with three non-linearly fused benzene. Halofantrine is
a synthetic which acts as a . It is effective against multi
drug resistant (including mefloquine resistant) P. falciparum malaria. The mechanism
of action of Halofantrine may be similar to that of chloroquine, quinine, and mefloquine;
by forming toxic that damage the membrane of the
parasite. It appears to inhibit polymerisation of heme molecules (by the parasite
enzyme' ), resulting in the parasite being poisoned by its own waste.
Halofantrine has been shown to preferentially block open and inactivated

leading to some degree of . Side effects include coughing noisy,
rattling, troubled breathing, loss of appetite, aches and pain in joints, indigestion, and

or rash, ef cetera, et cetera.

M n e I I I

Duran-Frigola et al. Nature Biotechnology, 2020



MDF CeMM 24

The bioactive chemical space, organised

£ — 1M bioactive molecules
£
I 2D 3D Structural Physico- — 25 data typeS, from
Sl fingerprints fingerprints Scaffolds keys chemistry Chemistry tO the CliniCS
. — Massive inference with
o .
g Mechgnism Metabolic - H_TS Slame.se neural nets
of action genes Crystals Binding bioassays —_ _Chem|C_a|che_ckerorg
P — bioactivitysignatures.org
]
"a;'a' Small mol. Small mol. Signaling Biological
= roles pathways pathways processes Interactome
L% .
8 Gene Cancer Chemical Cell C Chemlcal
expression cell lines genetics Morphology bioassays CheCker
a Duran-Frigola et al. Nat Biotech, 2020
£ : : Pauls et al. Genome Med, 2021
3l Therapeutic Diseases and Drug-drug

Bertoni,* Duran-Frigola* et al. Nat Commun, 2021
Q!’ CTD2-pancancer DREAM challenge, 2020

areas Indications Side effects toxicology interactions


http://chemicalchecker.org
http://bioactivitysignatures.org
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Chemical Checker signatures

Neurologx_and
psychiatry

Infectious
disease

Gastroenterology

Cardiology

Ophtalmology |-

Oncology |*

Endocrinology

Pulmonary [*

Rheumatology

Chemistry
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Implementation of a virtual drug screening pipeline

— Where: H3D Centre, Cape Town (South Africa)
— What: AlI/ML modelling of relevant in vitro assays for drug discovery
against malaria and tuberculosis (QSAR)
— Assets:
— Local mirror of the Ersilia Model Hub
— Automated & active machine learning
— Privacy-preserving models before release (Merck funded)

African natural products as antiviral agents

— Where: University of Buea, Buea (Cameroon)
— What: screening of african natural products to identify putative antiviral
drugs
— Assets:
— Setting up a computational research unit at UBuea
— Largest database of African Natural Products
— Scaffold hopping tools (easy to synthesize natural product analogs)
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Record linkage of medical data

— Where: Centre for Infectious Disease Research Zambia (CIDRZ), Lusaka
— What: Link HIV database to cervical cancer database

— Assets:
— Linkage tool tuned to Zambian names
— Recommender system for cervical cancer testing
— Workshops with Swiss TPH & co-supervision of 1 PhD student

Minimally invasive autopsies

— Where: ISGlobal & CISM, Maputo (Mozambique)
— What: Understanding the chain of infectious events before child’s death

— Assets:
— Dashboard of autopsy data

27
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Open source antimalarials

— Where: Open Source Malaria consortium
— What: Automated generation of antimalarial candidates
— Assets:

— Antimalarial activity prediction tool

— Chemical space visualization

— 500k ‘series 4’ candidates; 50 shortlisted

Pharmacogenomics of African ethnicities

— Where: H3D Center, Cape Town (South Africa)
— What: Dose optimisation of (antitubercular) treatments tailored to African
subpopulations
— Assets:
— Six Al/ML models tailored to tuberculosis treatment
— Coupling with in-house PBPK modeling tools
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Take-home messages

29

— We are a Non Profit Organisation with the mission to access
to Al/ML tools for biomedical research

— We are building an network of collaborators

— We combine and project development and

capacity building

— All our assets are

— We work at the between academia, start-ups and
pharmaceutical companies

— We welcome new contributors and collaborators
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Year One, summarised

— First commit to GitHub repository @

— Recognised by the Charity Commission

— Article published in The Lancet Global Health &

— Passed Software Sustainability Institute health check /2

— 250 commits in the main GitHub repository @

— Top-supported project in the FundOSS crowd-funding campaign <~
— Article published in Nature Communications £

— Contributions to Open Source Malaria /™

— 30 funding applications submitted &

— Probabilistic record linkage workshop with the Swiss TPH &

— Research visit to H3D in South Africa 3%

— First commit by external contributor &

— Migration to the cloud (AWS Open Data Registry)

— Code for Science & Society incubator <

— Board of Trustees and administrative help from the Cranfield Trust <

31



