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Targeting mitochondrial and redox metabolism in PDAC

1- Therapy Current projects

2- Prevention Future projects (ongoing development)
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The role of mitochondria in cancer metabolism was ignored until recently

Warburg’s effect: aerobic glycolysis (1924)

Cancer Cell
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Glucose-6-P

Aerobic

Glycolysis
+- 0,

L%:KaSE- Pyruvate + NADH + @™

FONDATION ARC
rour 1 RECHERCHE ﬁ%—
SUR LE CANCER




The role of mitochondria in cancer metabolism was ignored until recently

‘ Warburg’s hypothesis (1956):
mitochondria are dysfunctional in cancer cells

Cancer Cell

Current knowledge:

v"  Mitochondria are functional in

most of cancer cells
Glucose-6-P

v' Mitochondrial metabolism is i Aerobic
necessary for cancer cell
proliferation and survival

Glycolysis
+/- 0,

Lal\(l:kal;:E- Pyruvate + NADH + @™

v Mitochondria are involved in cancer
therapeutic resistance




Mitochondria are functional in most of cancer cells

Provide
building
blocks

Bioenergetic
functions

Oncogenesis
Redox and Ca Cell death

homeostasis pathways

Reactive Oxygen Species (ROS)

* Proliferation
* Cell survival

* Metabolism i
* Protein translation ' Antioxidants
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Mitochondria are functional in most of cancer cells

In PDAC ?

2014 LETTER

Oncogene ablation-resistant pancreatic cancer cells
depend on mitochondrial function

Andrea Viale"*, Piergiorgio Pettazzoni"**, Costas A. Lyssiotis®, Haogiang Ying', Nora Sanchez"?, Matteo Marchesini"?, .
Alessandro Carugo’?*, Tessa Green"?, Sahil Seth®, Virginia Giuliani®, Maria Kost-Alimova®, Florian Muller!, Simona Colla', Ro I e I n
Luigi Nezi?, Giannicola Genovese', Angela K. Deem’, Avnish Kapoor', Wantong Yao™?, Emanuela Brunetto®, Ya’an Kang”’,

Min Yuan®, John M. Asara®, Y. Alan Wang', Timothy P. Heffernan®, Alec C. Kimmelman®, Huamin Wang'?, Jason B. Fleming’,

Lewis C. Cantley’, Ronald A. DePinho"' & Giulio F. Draetta"? re S i St a n Ce

/'

MYC/PGC-1a Balance Determines Cell Metabolism
the Metabolic Phenotype and Plasticity Article
of Pancreatic Cancer Stem Cells

Patricia Sancho, " Emma Burgos-Ramos,? Alejandra Tavera,” Tony Bou Kheir,' Petra Jagust,! Matthieu Schoenhals,’
David Barneda,! Katherine Sellers, Ramon Campos-Olivas,® Osvaldo Grana,* Catarina R. Viera,?2 Mariia Yuneva,>
Bruno Sainz, Jr.,2 and Christopher Heeschen'+2*

doi:10.1038/nature13611
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Mitochondria are functional in most of cancer cells

In PDAC ?

2020 Cell Reports Medicine & CelPress

OPEN ACCESS

Article .
Targeting Mitochondrial Complex | Heterogeneity
Overcomes Chemoresistance in .

High OXPHOS Pancreatic Cancer Targeting

Rawand Masoud, " Gabriela Reyes-Castellanos,'? Sophie Lac,'* Julie Garcia,’ Samir Dou,"' Laetitia Shintu,?
Nadine Abdel Hadi," Tristan Gicquel," Abdessamad El Kaoutari,' Binta Diémé,25 Fabrice Tranchida,? Laurie Cormareche,!
Laurence Borge,' Odile Gayet,” Eddy Pasquier,’ Nelson Dusetti,! Juan lovanna,' and Alice Carrier' 5"

. . . -~
. biomedicines ﬁw\n\py

Review
Mitochondrial Metabolism in PDAC: From Better
Knowledge to New Targeting Strategies

Gabriela Reyes-Castellanos, Rawand Masoud and Alice Carrier *&

20 Z 1 . International Journal of

Molecular Sciences

Review

Targeting Redox Metabolism in Pancreatic Cancer FONDATION ARC -%

pour LA RECHERCHE
sur IE CANCER
Nadine Abdel Hadi, Gabriela Reyes-Castellanos and Alice Carrier *® econnus d'unlib publiqus




Mitochondria are functional in most of cancer cells

2017 Safety and tolerability of the first-in-class agent CPI-613 in
combination with modified FOLFIRINOX in patients with
metastatic pancreatic cancer: a single-centre, open-label,

Lancet Oncol 2017; 18: 770-78 . .
dose-escalation, phase 1 trial

Angela Alistar, Bonny B Morris, Rodwige Desnoyer, Heidi D Klepin, Keyanoosh Hosseinzadeh, Clancy Clark, Amy Cameron, John Leyendecker,
Ralph D’Agostino Jr, Umit Topaloglu, Lakmal W Boteju, Asela R Boteju, Rob Shorr, Zuzana Zachar, Paul M Bingham, Tamjeed Ahmed,
Sandrine Crane, Riddhishkumar Shah, John ] Migliano, Timothy S Pardee, Lance Miller, Gregory Hawkins, Guangxu Jin, Wei Zhang, Boris Pasche
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Mitochondria are important for the function of
TME cells surrounding cancer cells

Tumor promotion
i !

-/

Increased intratumoral
pressure/solid stress

Excessive
ECM deposition

Immunosuppression

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

» Altered pattern of
hypothalamic mediators

® Loss of appetite

* Hyposmia

Ir‘Nhi'be adipose tissue
= Increased lipolysis
* Release of fatty acids
» Release of inflammatory
mediators?

X [Wasting]

™

Skeletal muscle

I/Liver

= Release of acute-
phase proteins

» Reduced albumin
synthesis

» Release of
inflammatory mediators?

e

e

™\

~

Brown adipose tissue
Energetic
inefficiency

EEErooensl |

Heart M

* Atrophy

* Decreased
innervation

* Increased energy
consumption

* Release of
inflammatory
mediators?

[Cardiac dysfunction] |

Gut

Mitochondria are dysfunctional in distant organs during cancer

I ® Gut-barrier dysfunction
= Altered ghrelin production
3 * Release of inflammatory mediators

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

STRESS
INFLAMMATION
METABOLIC ALTERATIONS

CANCER
Initiation
Progression
Resistance
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Thank you for your attention

Niw SPENCER

rour LA RECHERCHE
sur .E CANCER
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1 don’t know where she gets all that energy.” FONDATION ARC -%




Jourmee scientifique
« Cancer du pancreas »

10HO0O - SESSION 2: QUELLES CIBLES POTENTIELLES POUR LE

CANCER DU PANCREAS ?
Modérateur : Juan IOVANNA

TUMOR MICROENVIRONMENT

FOCUS ON
THE NON-IMMUNE STROMA

Dr. Corinne BOUSQUET
Research Director, INSERM
Cancer Research Center of Toulouse F°"L'3-‘z‘€<':fg’;,'§',5‘cc‘§§




PANCREATIC DUCTAL ADENOCARCINOMA & MICROENVIRONMENT

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

Microenvironment of pnncuh: adenocarcinoma

Non-immune
stroma

Immune
stroma

Courtesy Dr J Cros(Hop Beaujon)
PDAC

Ryan, N Engl J Med 2014
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TME RNAseq SIGNATURES ARE CONSERVED ACROSS CANCERS & PROGNOSTIC

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

.Adrenocortical Carcinoma
.Bladder urothelial Carcinoma
. Breast invasive Carcinoma

Lung Squamous Cell Carcinoma L R &
.Endccerv:cal Adenocarcinoma Ovarian Serous Cystadenocarcinoma i Normalization 3 i
lcer‘"cal scc Pancreatic Adenocarcinoma & A Mg ‘
} i "% B ’w. ;""
- P g

. Liver Hepatocellular Carcinoma
. Lung Adenocarcinoma

Depleted

Cholangiocarcinoma Pheochromocytoma and Paraganglioma
.Colorectal Adenocarcinoma . Prostate Adenocarcinoma i

E | SCC i Enriched, .
. sophageal . Skin Cutaneous Melanoma : v T . 3
|7 Esophageal Adenocarcinoma [l Thyroid Carcinoma . s S pn-Flbet!S)
.Head and Neck SCC ! Uterine Corpus Endometrial T e TR T T T g ‘. B
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. Renal Papillary Cell Carcinoma . Uveal Melanoma
[T Renal Papillary Cell Carcinoma

Bagaev A, Cancer Cell 2021
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TME RNAseq SIGNATURES ARE CONSERVED ACROSS CANCERS & PROGNOSTIC

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

.Adrenocortical Carcinoma

.Bladder urothelial Carcinoma O Ling Adlenosarcinoma
. Breastinvasive Cafcirioma Lung Squamous Cell Carcinoma
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. Renal Clear Cell Carcinoma . Uterine Carcinosarcoma
. Renal Papillary Cell Carcinoma . Uveal Melanoma

[T Renal Papillary Cell Carcinoma

. Liver Hepatocellular Carcinoma
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Bagaev A, Cancer Cell 2021

a0

SN

Moffit et al, Nature Genetics 2015
Puleo et al, Gastroenterology 2018
Maurer et al, Gut 2019
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TME RNAseq SIGNATURES ARE CONSERVED ACROSS CANCERS & PROGNOSTIC

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

.Adrenocortlcal Carcinoma . Liver Hepatocellular Carcinoma

O Lung Adenocarcinoma Depleted
s e T

Normalization

.Bladder urothelial Carcinoma
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Moffit et al, Nature Genetics 2015
++ ++ Puleo et al, Gastroenterology 2018
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TME RNAseq SIGNATURES ARE CONSERVED ACROSS CANCERS & PROGNOSTIC

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

.Adrenocortical Carcinoma
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THERAPIES TARGETING THE NON-IMMUNE STROMA OF PDAC

Tumor vasculature

@ VEGF

5 GVEGF antibodies (e.g., ’
O VEGFR

VEGF-TRAP (e.g., aflibercept)
GVEGFR antibodies (e.9.,

ramucirumab)

Tyrosine kinase inhibitors (e.g.,
ANG2-TIE2 sorafenib or sunitinib)

«ANG2 antibodi tibodie

(e.g., trebananib or MEDI3617) Endothelial cell

TIE2 kinase inhibitors (e.g.,

rebastinib)

To enhance drug delivery
or block pro-tumor features
by “normalizing”

the non-immune stroma

Pericyte

©
were | But although promising

Extracellular matrix (ECM) and cancer-associated fibroblasts (CAF) i n p re'CI i n ica I m Od e I S )

Dieminizesen | ® o p— It resulted in insufficient

aFAK (e.g., defactinib, simtuzumab)
56098) i

GSK-22! Neutrophil

% clinical successes

CAF activation Dendritic cell
GTGF (e.g., galunisertib) | — te &

aFGFR (e.g., erdafitinib) ®ECMde dati é
| gradation
i — Why?
PEGPH20)

Blood vessel

O WS, ?’ e — —~ | 1) Lack of patient stratification?

CAF signaling

Vitamin D analogue (e.., HA

.l aTGFp (e.g.,
paricalditol) ) «CTGF (e.g.. FG-3019)
Vitamin A metabolite (e.g.. FAP (e.g., sibrotuzumab, PT630,
ATRA) and RO6874281)
' T 2 aHedgehog (e.9.. saridegib or
ismodegib) Collagens,
@ROCK (e.g., AT13148) laminins,
GCXCR4 (e.g., AMD3100) fibronectin

2 as FONDATION ARC
Normalized fibroblast POURLAREccl‘lAEaglE*RE
Bejarano et al, Cancer Discov 2021 e
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2) INTRA-TUMOR SPATIAL & CELL HETEROGENEITY

Reactive

TME subTMEs

4 CAFs dedifferentiated

¥ Immune-cold | <% Immune-hot

& Chemoprotective

N
b

Treatment Response Tumor progression

EXAMPLE OF CAFs

Different CAF subsets with different functions

Cell plasticity upon treatment
(e.g. SHH inhibition): |, myCAF but T~ iCAF

Elyada, Cancer Discov 2019
Dominguez, Cancer Discov 2019

Steele, Clin Cancer Res, 2021

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

« subTME » may evolve upon treatment

" CAFs activated & pro-inflammatory

Grunwald, BioRxiv 2021

Angiogenesis and neovascularization Biochemical/mechanical cues

ECM deposition Nutrients

Metastasis formation promotion Collagens

Proteoglycan (Perlecan)
Glycoprotein (Fibronectin)
Polysaccharide (HA)
Tumor growth promotion
Collapsed vasculature,
increased interstitial
(N pressure

Inflammatory CAFs Barrier to drug delivery

- 17 Immunosuppression pe
&3 @ / Canss}

cells

C Secreted factors
O Growth factors (HGF, IGF1, ...}
T cells Tumor-promoting ligands (IL-6, LIF, )

C O Immunosuppressive ligands (CXCL12, CXCL1, ...)

Myofibroblastic CAFs
Therapy resistance

i

Antigen-presenting CAFs

Biffi, Physiol Rev 2020

Neutrophils

Angiogenic factors
Metabolites and lipids




TARGET THE NON-IMMUNE STROMA
IN ADDITION TO TUMOR & IMMUNE CELLS

e 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 Moncada, Nat Biotech 2020
Computational biology & Al) de lees, Front Oncol 2021
. .. . . i Lewis et al, Nature Methods 2021
on patient samples & clinical trials (ancillary studies)
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TARGET THE NON-IMMUNE STROMA
IN ADDITION TO TUMOR & IMMUNE CELLS

e 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 Moncada, Nat Biotech 2020
Computational biology & Al) de lees, Front Oncol 2021
. .. . . i Lewis et al, Nature Methods 2021
on patient samples & clinical trials (ancillary studies)

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

e Develop integrated “Tumor-TME” preclinical platforms (e.g. microfluidic cancer-on-chips)
Colombo, IJMS 2021
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TARGET THE NON-IMMUNE STROMA
IN ADDITION TO TUMOR & IMMUNE CELLS

e 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 Moncada, Nat Biotech 2020
Computational biology & Al) de lees, Front Oncol 2021
. .. . . i Lewis et al, Nature Methods 2021
on patient samples & clinical trials (ancillary studies)

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

e Develop integrated “Tumor-TME” preclinical platforms (e.g. microfluidic cancer-on-chips)
Colombo, IJMS 2021

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

rour LA RECHERCHE

e Learn from other tumors = TME is conserved across cancers! FONDATION ARC -%
sur .IE CANCER




DECIPHER INTRA-TUMOR CELL & SPATIAL HETEROGENEITY

Optical clonal Spatial

Tissue dissociation Tumor sample (" Tissue sectioning B "':”":"“ ""’L"’"‘:“
<« m > molec:u‘l’.{nf7 targets molaw?érotargels

Immunatherapy

{l -
Cytometry or single-cell Multiplexed imaging or Fair. > - Fair.> . .
RNA-sequencing - spatial transcriptomics o g e, Data integration

’}*’.b A SR B o 32 jproces % 5 g I b I
W = m s smmenee - COMPUtational biology
v

Frome T oo i Artificial intelligence
Single-cell data Spatially-resolved data <

Moncada, Nat Biotech 2020
de Vries, Front Oncol 2021

IMPROVE PRECLINICAL MODELS )

Tumour Non-microfluidic

njicroenWrolr:\ent tumour models ANCILLARY STUDIES

GEMM
PDX
Humanized
immunocompetent

N e e B

Chemical and |,
oxygen gradient

< - Vasculature
Complex microfluidic

e S——" (o 28 FONDATION ARC
models . pour LA RECHERCHE
sur L CANCER
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