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Synthetic biology: engineering new biological systems and functions

DNA editing

DNA Digital DNA Synthetic
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Synthetic biology: engineering new biological systems and functions

Inspirations: mature engineering sciences (electronics)
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Synthetic biology: engineering new biological systems and functions
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Integrated sensing and computing for therapeutic bacteria

External
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Body location
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Integrated sensing and computing for therapeutic bacteria

NANOBODY®
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Engineering biological logic gates
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Bonnet et al., 2013



The global cancer burden

Incidence Mortality

Cases ASR (World)

19 976 499 1969

Deaths ASR (World)

9743 832 91.7

Cancer site ranking

| Incidence | Mortality
Lung Lung
Breast Colorectum
Colorectum Liver
Prostate Breast
Stomach Stomach
Liver Pancreas
Thyroid Oesophagus
Cervix uteri Prostate
Bladder Cervix uteri
NHL Leukaemia
Oesophagus NHL
Pancreas Brain CNS
Leukaemia Bladder
Kidney Ovary
Corpus uteri Lip, oral cavity
Lip, oral cavity Kidney
Melanoma Multiple myeloma
Ovary Larynx
Brain CNS Corpus uteri
Larynx Gallbladder
Multiple myeloma Nasopharynx
Gallbladder Melanoma
Nasopharynx Oropharynx
Oropharynx Thyroid
Hypopharynx Hypopharynx
Hodgkin lymphoma Mesocthelioma
Testis Salivary glands
Salivary glands Hodgkin lymphoma
Vulva Vulva A
Penis Kaposi sarcoma -
Kaposi sarcoma Penis -
Mesothelioma Testis
Vagina Vagina -
2.(l)M 3.6M 4.(I)l\. 0 50lOk 1.(;M 1.SIM 2.6M 2.SIM

Number of new cases , both sexes, all ages Number of deaths , both sexes, all ages



Cancer Tomorrow

20 —
_...Incidence, Males

_...Incidence, Females

_____ Mortality, Males

_ o’ _ +-...Mortality, Females

Estimated numbers (in millions)

4 | | | | | | | | | | | | | |
2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050

International Agency

Cancer Tomorrow | IARC - https://gco.iarc.who.int/tomorrow for Research on Cancer

Data version : Globocan 2022 (version 1.1) Year /AN World Health
© All Rights Reserved 2025 %\@;}’ Organization



Cancer therapeutic strategies

Traditional treatments Immune and cell therapies

Chemotherapy

Systemic Treatment
Palliative Care

Side Effects
Toxicity
Resistance
Long-Term Health Effects
Financial Burden

Precise Targeting
Non-Invasive

Side Effects

Delayed Effects

Risk to Surrounding Tissues
Limited Effect on Metastatic Cancer

cAR-T cell S S IVER:
exhaustion|

Surgery
Precise Tumor Removal
Staging and Diagnosis ¢ tional Impairment

Symptom Relief Anesthesia Risks
Tissue Sampling Not Suitable for All Cases

Invasive Procedure
Recovery Time




Bacterial therapeutics against cancer: more than a 100 years

1891

Hypoxie Immunosuppression

William
Coley

Lo dto oo o odode)

Sarcoma spontaneous regression after infection

Tumor Specific colonization
Quelques succés mais:

- pas d'antibiotiques a cette époque
- Avénement de la radiothérapie

Streptococcus pyogenes et Serratia marcescens



Bacteria cancer therapy revival

INNOVATION

Engineered bacteria as therapeutic agents

Enginegr Ing the perfect Carlos Pihero-Lambea, David Ruano-Gallego and
(bacterial) cancer therapy Luis Angel Fernandez

Neil S. Forbes Nature Review Cancer, 2010, 10 (11)

Current opinion in biotechnology, 2012, 35

Gene Therapy |1997) 4. 791 756

"Mayer Cancer Biology Research Laboratory, Department of Radiation Owncoloow. Stanford Univer

& 1907 Sinckton Fress Al righs reszree 0063712837 S12.00

Anaerobic bacteria as a gene delivery system that is
controlled by the tumor microenvironment

M] Lemmon’, P van Zijl', ME Fox', ML Mauchline®, A] Giaccia’, NP Minton® and JM Brown'

Clinical assay show possibility to inject Billion bacteria in blood stream o b gy oAt . Wt e & et e o,

CA 94305, USA; and *Centre fur App‘v'n'a' .’.‘ﬁt?‘(’f'."u.'uéc‘ ]} situ School of Madicine. Stanford 1 ggos
#* © 1999 Nature America Inc. « hitpibiotech.nature.com .
°
. . °
Lipid A mutant Salmonella with o
. . . °
suppressed virulence and TNFa induction .
. . . . [ ]
retain tumor-targeting in vivo o
K. Brooks Low', Martina Ittej . . . . . _— . ¢ )
Ellen Carmichael’ Ashok Chd. Escherichia coli Nissle 1917 Targets and Restrains Mouse B16 °
Melanoma and 4T1 Breast Tumors through Expression of Azurin ® W
Protein °
°
Yunlei Zhang, Youming Zhang, Ligiu Xia, Xiangli Zhang, Xuezhi Ding, Fu Yan, Feng Wu ¢ P
Colleqe of _ife Science, Hunan Preving .
Bacterial Delivery of Staphylococcus aureus ® .
o-Hemolysin Causes Regression and Necrosis in ° .
Murine Tumors ° .
Adam T St. Jean'“, Charles A Swofford', Jan T Panteli', Zachary | Brentzel' and Neil S Forbes' ®
°
f Chomical Evnineciing Neiveecr.l  DAMIGE,, | LETTERS Py
Hedicine :
°
°
Programmable bacteria induce durable tumor ® W
regression and systemic antitumor immunity ® W
Sreyan Chowdhury ©*, Samuel Castro’, Courtney Coker', Taylor E. Hinchliffe', Nicholas Arpaia©** e °
and Tal Danino @ "34*
SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE ° .
CANCER ¢ A
Engineered probiotics for local tumor delivery ;
of checkpoint blockade nanobodies 2020 S
Candice R. Gurbatri', loana Lia', Rosa Vincent', Courtne .
Piper M. Treuting?, Taylor E. Hinchliffe', Nicholas Arpaid Article

Metabolic modulation of tumours with
engineered bacteriaforimmunotherapy

https:fidol org/10.10328/341586-021-04003-2  Fernando P. Canale", Camllla Basso'*’, Gala Antoninl', Michels Perottl'*, Ning LF,
Anna Sokalavska®, Julia Neurnann®, Michael J. James®, Stefania Geiger’, Wenjie Jin'™,




EcN SPS
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Bacterial membrane
proteins

Tao et al, Macromol. Biosci. 2020, 20, 1900161

IBots assembly

Biohybrid

Covalent
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Count

EcN is encapsulated with 99% efficiency
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Visualization by fluorescence microscopy of EcN coated with SPS

DJAY M mkKate
10 um 10 um




THERABOT
Therapeutic Bacteria Biohybrids for Oncology Treatment
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bioagent to addresses the multifaceted
challenges of cancer treatment while
iImproving patient quality of life and
reducing the cost of cellular therapies



THERABOT Consortium

European Beneficiaries

France Spain France Sweden Spain
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Biomaterialetako Ikerkuntza Kooperatiboko Zentroa
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Our role in the project

Coordination

Reporting Governance Secondments  Deliverables/Milestones  Workshops/dissemination
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* Pourquol avez-vous choisi de deposer un projet européen dans le
cadre de 'appel Staff Exchanges ?

* Pourquoi avoir voulu coordonner ce réseau “?

» Quels sont les retombées de ce projet (pour vous, pour les equipes,
pour la recherche) ?

- Recommanderiez-vous a vos collegues de tenter 'aventure ?

* Quels consells et points d'attention pourriez-vous leur donner ?



THANK YOU FOR YOUR ATTENTION



