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Cancer and metabolism: the anabolic angle
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Cancer and metabolism: historic perspective
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PEMZ, pyruvate kinase isozyme M2; SDHD. succinate dehydrogenase complex, subumit D, integral membrane protein.



Cancer and metabolism: the bioenergetic angle
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1) HIF regulation by oxygen
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2) HIF regulation by VHL
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3) HIF regulation by succinate
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The birth of a new concept: Oncometabolites

Epigenome



Fumarate hydratase deficient (Fh17) cells
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Metabolic adaptation and vulnerabilities of FH-
deficient cancers
o
y . -

OHS cytosol
H glucose
HOOC\/\)J\ N COOH
i ” ~ R5P pentose phosphate pathway
NH, 0
GA3P
t
pyruvate pyruvate glycine serine - serine
- GSH -
pyruvate
-
acetate
lactate &-glutamylcysteine
ti cystine

- cystine

-

mitochondrion
citrate cystiene
alanine — alanine
-
SC 25C
2 glutamate glutamine glutamine
- -
- )
fum succinyl-coA
-
ASA - ASA succinate

-

Frezza et al, Nature, 477: 225, 2011

arginine

bilirubin

' i I
Zheng et al, Nature Commun, 6: 6001, 2015 arginine glutamate



The biosynthetic pathway of succinic-GSH
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Fumarate attack on GSH induces oxidative stress
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Metabolic adaptation and vulnerabilities of FH-
deficient cancers
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Cysts-bearing, FH-deficient mice excrete
metabolites (biomarkers) in the urine
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OCR

A new In vitro model for SDH-deficient cancers

Mouse Sdhb genomic locus
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SDH deficient cells depend on Pyruvate Carboxylase for

sustaining aspartate levels
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H-Ras®12V transform SDH-deficient cells
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Metabolic vulnerabilities of SDH-deficient tumours
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Conclusions

Metabolomics is a robust and efficient tool for mechanistic studies of metabolic
adaptabilities and vulnerabilities, but also as an important sensor of biomarkers for early
prognosis and detection of recurrence disease

FH or SDH loss of function leads to the accumulation of fumarate or succinate, respectively,
and to the inhibition of dioxygenases, including DNA demethylases

SDH loss of function renders cells more dependent on PC to sustain aspartate and nucleotide
biosynthesis

SDH loss in the kidney leads to hyperproliferative benign cyst formation in-vivo (in GEMMs)

HRas activation in the kidney does not demonstrate any phenotype, but it dramatically
accelerate cyst formation and size in SDHB ablated genotype



CML is a stem cells disease
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TKls do not target CML stem cells
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TKls do not target CML stem cells
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Metabolomics in CML CD34+ cells versus CML CD34- cells
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Fatty acid oxidation is increased in CML CD34+ cells
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Fatty acid oxidation is increased in CML CD34+ cells
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CML CD34+ cells have an increase in oxidative metabolism
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increased oxidative metabolism in CML CD34+ Vs. normal
CD34+ cells
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increased oxidative metabolism in CML CD34+ Vs. normal
CD34+ cells
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increased oxidative metabolism in CML stem cells
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PHARMACOLOGICAL INHIBITION OF MITOCHONDRIAL METABOLISM WITH

TIGECYCLINE
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Inhibitor of mitochondrial oxidative metabolism decreases
proliferation of CD34+ CML cells
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Inhibition of mitochondrial oxidative metabolism targets CML

stem cells
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Inhibition of mitochondrial oxidative metabolism in-vivo is
tolerated in treated mice
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Inhibition of mitochondrial oxidative metabolism eradicates
CML stem cells in-vivo
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Inhibition of mitochondrial oxidative metabolism delays
disease relapse after Imatinib withdrawal
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