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Essential Functions of Mitochondria
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Essential Functions of Mitochondria

The Hub of Metabolism

GLUCOSE Biosynthetic and anapleurotic reactions
Pyruvate Substrate cycling and exchange
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Relapses and drug resistance in cancer
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Therapy resistance and relapses in cancer
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Residual disease and relapse-initiating cells in AML
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Role of Mitochondria in Drug Persisters within Residual Disease
responsible for Relapse in Acute Myeloid Leukemia ?



Persisters have an
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High OxPHOS phenotype of RICs is the consequence
of enhanced mitochondrial machinery and mitochondrial utilizations

RICs
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OxPHOS phenotype reflects a mitochondrial adaptation
induced by a specific transcriptional program
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Induction of response to early AraC-triggered mitochondrial stress
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Mitochondrial relocation of BCL2 and increased VDAC1 in drug persisters
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Increased mitochondria-ER contact sites (MERCs)
and mitochondrial calcium content in RICs

Mitochondrial priming to apoptotic cell death
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Link between mitochondrial metabolism and resistance to apoptosis in MRD
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RICs are more sensitive to mitochondrial inhibitors

Selective ETC/OXxPHOS inhibitors Indirect ETC/OxPHOS inhibitors
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Blocking mitochondrial adaptation by targeting adenosine-PKA-ATF4 axis in AML
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VEN+AraC doublet therapy better than AraC alone in PDX
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AraC-induced high OxPHOS state is blocked by VEN+AraC doublet therapy
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Efficacy of VEN+AraC doublet therapy in unfit patients
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Mitochondrial gene signatures are enriched in transcriptomes of patients
who are high responder to Ven+AraC in PDXs and patients
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High MitoScore predicts a better response to VEN+LDAC in unfit AML patients

Unfit AML patients VIALE-A (NCT02993523) and VIALE-C (NCT03069352)
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High MitoScore predicts a better response to VEN+LDAC in unfit AML patients

Unfit AML patients VIALE-A (NCT02993523) and VIALE-C (NCT03069352)

AML
patients RNA-seq
n=31 (Before treatmen

Geneset enrichement
analysing and z-scoring

CR+CRi No CR
;om.plt.ete gefractog) Patients stratification
emission isease, i X :
L | 1 ] MitoScore'®¥ vs MitoScoreHigh
High Low
Responders Responders

Correlation to
- Initial response
- Overall Survival

3yrs
S 0.10; 100+ ;
3
P ® -
g‘, 0.05- . o 5 o
- . ; 19
o
= El -@ © 5 | MitoScore
o < ] ' E — i 1
n S 000{ e e 50
= U ° =
= n
S -0.051
P=0.0003 it ow
HCJ 0.10 | | 0 . MltoScore .
it 0 500 1000 1500

MitoScore Low High

=9 n=10 Days post treatment



Residual cells persist after doublet therapy VEN+AraC in vivo
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Single cell RNA-seq reveals three transcriptionally distinct
cell subpopulations post-VEN+AraC in vivo

Seurat gene expression clustering Gene expression clustering per condition
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Clusters involved in VEN+AraC resistance
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Residual disease after VEN+AraC maintains ETC/OxPHOS homeostasis
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Does targeting ETCI of residual cells prolong mice survival in vivo ?
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Direct selective ETCI inhibitor : IACS-10759

Indirect ETCI/OXxPHOS inhibitor : ONC-212 (mitochondrial ClpP protease agonist)



Targeting ETCI of residual cells following doublet therapy VEN+AraC
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Targeting ETCI of residual cells following VEN+AraC doublet therapy
blocks mitochondrial energetic recovery in vivo
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Targeting ETCI of residual cells following VEN+AraC doublet therapy
reduces tumor burden and prevent relapse
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Targeting ETCI of residual cells following VEN+AraC doublet therapy
does prolong mice survival in vivo

00— ———a—— - - - - - - :
L i-

Mice survival
(%)
()]
o

0 20 25 30 35
Days post-xenograft

Veh - Veh (n=9, 24 days)

AraC - Veh (n=8, 25 days)

VEN+AraC - Veh (n=9, 27 days)

VEN+AraC - ONC212 (n=9, 33 days)

Bosc et al. Nature Cancer. 2021



Summary — Basic principles

> MRD is enriched in persisting cells with High OxPHOS metabolism

> High OxPHOS phenotype of AML persisters is the consequence of
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Summary — Basic principles

> Changes in mitochondrial energetics, metabolism, and structure are hallmarks of drug resistance

> Central role of OXPHOS flexibility and adaptations in mitochondrial dynamics and metabolism
during therapy, driving residual disease and drug tolerance/persistence in AML

BCL2
inhibitors
IDH mutation Mitoxantrone
»L Vincristine

inhibitors \

FLT3 mutation
inhibitors

Actinomycin D

Cytarabine

Drug Resistance

Sabatier, Birsen ef al. BioRxiv. 2022. in revision; Fisher-Wellman et al. FASEB J. 2022; Wu et al. Cancer Discov. 2021; Bosc ef al. Nature Cancer. 2021; Garciaz et al
Cancer Discov. 2021; Fisher-Wellmann et al Cancer/Metabo 2021; Stuani et al. JEXPMED. 2021; Salunkhe et al. BBA. 2020; Jones et al. Blood. 2019; Jones et al.
Cancer Cell. 2019 ; Ghen, Gytshou et al. Cancer Discov. 2019 ; Sharon et al. STM. 2019; Lin et al. Cell Metab. 2019; Farge et al. Cancer Discov. 2017



Summary — Basic principles

> Metabolic Model of Drug Resistance in AML

Diagnosis Remission Relapse
N
‘e 2
Leukemia
Burden Tolerance —> Resistance
_____ Therapies ___@~—_______~ Disease progressiog
RICs
Metabolic * Metabolic
selective pressure adaptation
Metabolic )
Phenotype glutamine OxPHOS
glutamate FAO
aspartate CD39*CD36*MPO*

A\

Basal state Transient state

Solid tumors: Passaniti et al Mol. Carci. 2022; Xue et al. J Med Chem. 2022; Evans et al. Cancer Res. 2020; Marine et al, Nature Review Cancer. 2020
Hematological tumors: Stuani and Sarry. Cell Metab. 2020; Van Gastel et al. Cell Metab. 2020;




Summary — Translational applications
> Always good to remember that chemotherapy is a metabolic therapy !
> Inhibiting ANY aspect of mitochondrial OxXPHOS metabolism circumvents adaptive resistance

to drugs and enhances the sensitivity of AML cells to chemotherapy or currently approved targeted
therapies/combinations > especially in
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Clinical perspectives in cancer metabolism

> Development of combinatory metabolic precision medicine:
targeting or preventing mitochondrial adaptations and metabolic evolution with anti-AML cocktails

alternating chemoTx or BCL2i combo + OxPHOSI +/- precision diets

Biomarkers and therapeutic strategies in AML
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