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Targeting mitochondrial and redox metabolism in PDAC

1- Therapy Current projects

2- Prevention Future projects (ongoing development)



The role of mitochondria in cancer metabolism was ignored until recently

Warburg’s effect: aerobic glycolysis (1924)
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Warburg’s hypothesis (1956): 
mitochondria are dysfunctional in cancer cells

Current knowledge:

✓ Mitochondria are functional in 
most of cancer cells

✓ Mitochondrial metabolism is 
necessary for cancer cell 
proliferation and survival

✓ Mitochondria are involved in cancer 
therapeutic resistance



Mitochondria are functional in most of cancer cells

Reactive Oxygen Species (ROS)

Cairns RA et al. Nature Reviews Cancer 2011



Mitochondria are functional in most of cancer cells

In PDAC ?

2014

Role in 
resistance

2015



Mitochondria are functional in most of cancer cells

In PDAC ?

2020

Heterogeneity

Targeting

2020

2021



Mitochondria are functional in most of cancer cells

2017
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=
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Adapted from Reyes-Castellanos et al. Biomedicines 2020



Carr RM & Fernandez-Zapico ME, EMBO Mol Med 2016

Mitochondria are important for the function of
TME cells surrounding cancer cells



Mitochondria are dysfunctional in distant organs during cancer

CACHEXIA AS A MULTI-ORGAN SYNDROME
Argilés JM et al. Nature Reviews Cancer 2014
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Our goal: Exploration of mitochondrial metabolism in PDAC

→ Considering tumor cells, TME cells, and distant organs



Thank you for your attention



TUMOR MICROENVIRONMENT 
FOCUS ON

THE NON-IMMUNE STROMA

Dr. Corinne BOUSQUET

Research Director, INSERM

Cancer Research Center of Toulouse
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Ryan, N Engl J Med 2014

Typical feature:  Fibrotic stroma - 80% of the tumor mass

PANCREATIC DUCTAL ADENOCARCINOMA & MICROENVIRONMENT
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Unsupervised clustering of TME reconstructed from RNAseq (>10.000) across melanomas and carcinomas

TME RNAseq SIGNATURES ARE CONSERVED ACROSS CANCERS & PROGNOSTIC
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Moffit et al, Nature Genetics 2015
Puleo et al, Gastroenterology 2018 

Maurer et al, Gut 2019
PDAC



Unsupervised clustering of TME reconstructed from RNAseq (>10.000) across melanomas and carcinomas

TME RNAseq SIGNATURES ARE CONSERVED ACROSS CANCERS & PROGNOSTIC

TME signatures Immunophenoscore

Bagaev A, Cancer Cell 2021
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Unsupervised clustering of TME reconstructed from RNAseq (>10.000) across melanomas and carcinomas

TME RNAseq SIGNATURES ARE CONSERVED ACROSS CANCERS & PROGNOSTIC

Bagaev A, Cancer Cell 2021
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Response to immunotherapies (anti-PD1)



Bejarano et al, Cancer Discov 2021

THERAPIES TARGETING THE NON-IMMUNE STROMA OF PDAC
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To enhance drug delivery 
or block pro-tumor features
by “normalizing”
the non-immune stroma

But although promising
in pre-clinical models,
It resulted in insufficient
clinical successes

Why?
1) Lack of patient stratification?



2) INTRA-TUMOR SPATIAL & CELL HETEROGENEITY

EXAMPLE OF CAFs

Elyada, Cancer Discov 2019
Dominguez, Cancer Discov 2019

Steele, Clin Cancer Res, 2021

Different CAF subsets with different functions

Cell plasticity upon treatment
(e.g. SHH inhibition): ↓myCAF but ↑iCAF

Grunwald, BioRxiv 2021

Different « subTME » spatially co-exist
within a same tumor

« subTME » may evolve upon treatment
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Biffi, Physiol Rev 2020



TARGET THE NON-IMMUNE STROMA

IN ADDITION TO TUMOR & IMMUNE CELLS

• Understand the biology of the non-immune stroma to discover novel therapeutic targets
(go beyond traditional tumor-centric studies and immuno-oncology efforts)

= heterogeneity / plasticity along tumor progression & treatment
* CAFs
* Other stromal cells: Neural / Endothelial / adipose tissue

= different cell interactions (& microbiome???)

= learn from “omics” analyses (bulk/deconvolution, single cell/spatial
Transcriptomics, translatomics, proteomics
Multiplexed imaging
Computational biology & AI)

on patient samples & clinical trials (ancillary studies)

Moncada, Nat Biotech 2020
de Vries, Front Oncol 2021
Lewis et al, Nature Methods 2021
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= heterogeneity / plasticity along tumor progression & treatment
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= learn from “omics” analyses (bulk/deconvolution, single cell/spatial
Transcriptomics, translatomics, proteomics
Multiplexed imaging
Computational biology & AI)

on patient samples & clinical trials (ancillary studies)

• Test combinatorial / serial drug protocols considering the triangular targets
(tumor cells + immune + non-immune stroma)

• Develop integrated “Tumor-TME” preclinical platforms (e.g. microfluidic cancer-on-chips)

Moncada, Nat Biotech 2020
de Vries, Front Oncol 2021
Lewis et al, Nature Methods 2021

Colombo, IJMS 2021
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• Understand the biology of the non-immune stroma to discover novel therapeutic targets
(go beyond traditional tumor-centric studies and immuno-oncology efforts)

= heterogeneity / plasticity along tumor progression & treatment
* CAFs
* Other stromal cells: Neural / Endothelial / adipose tissue

= different cell interactions (& microbiome???)

= learn from “omics” analyses (bulk/deconvolution, single cell/spatial
Transcriptomics, translatomics, proteomics
Multiplexed imaging
Computational biology & AI)

on patient samples & clinical trials (ancillary studies)

• Test combinatorial / serial drug protocols considering the triangular targets
(tumor cells + immune + non-immune stroma)

• Develop integrated “Tumor-TME” preclinical platforms (e.g. microfluidic cancer-on-chips)

• Find (bio)markers of drug response to stratify patients (depending on their TME types)

• Learn from other tumors = TME is conserved across cancers!

TARGET THE NON-IMMUNE STROMA

IN ADDITION TO TUMOR & IMMUNE CELLS

Moncada, Nat Biotech 2020
de Vries, Front Oncol 2021
Lewis et al, Nature Methods 2021

Colombo, IJMS 2021



Colombo, IJMS 2021
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DECIPHER INTRA-TUMOR CELL & SPATIAL HETEROGENEITY

Moncada, Nat Biotech 2020
de Vries, Front Oncol 2021 Lewis et al, Nature Methods 2021

Data integration
Computational biology
Artificial intelligence

GEMM
PDX

Humanized
immunocompetent

IMPROVE PRECLINICAL MODELS
= TARGET VALIDATION & DRUG TESTING LEARN FROM CLINICAL TRIALS

ANCILLARY STUDIES


