2nd International Electronic Conference
on Metabolomics

20-27 November 2017 ey
N _ .metabolites
chaired by Dr.-Peter Meikle

Metabolic Alterations in

Fumarate Hydratase Deficient Cells
Christian Frezza

I MRC Cancer Unit, University of Cambridge, Cambridge, UK

* Corresponding author: cf366@MRC-CU.cam.ac.uk

58 UNIVERSITY OF
<P CAMBRIDGE

SN S
&)+ B
i

Cancer
MRC Unit



Metabolic Alterations in
Fumarate Hydratase Deficient Cells

Graphical Abstract

glucose
glucose
>RSP - » PRPP
Y
GA3P
Iactateh lactate i
— F\,ﬁ)
alanine ¢ alanine Fe-S cluster biogenesis
ystine—— cystine —cystei AcCoA
gly¢ :
A Y citrate glutamine <= glutamine
serine—— serine GSH
OAA
[
25C— succGSH aKG <€— glutamate
fumarate < ——————
succinyl-CoA
succinU .
|
hzzm
ASA— ASA
M
bilirubin
v A 4
arginine bilirubin glutamate

2nd International Electronic Conference

on Metabolomics
20-27 November 2017




Abstract: Mutations of the tricarboxylic acid cycle (TCA cycle) enzyme
fumarate hydratase (FH) cause the hereditary cancer syndrome Hereditary
Leiomyomatosis and Renal Cell Cancer (HLRCC). FH-deficient renal
cancers are highly aggressive and metastasise even when small, leading to
an abysmal clinical outcome. How these cells survive without FH and how
they become transformed is still under investigation. Today, I will show our
data on the metabolic reprogramming triggered by the loss of FH, which
induces, amongst various changes, the fumarate-mediated succination of
the iron-sulfur-cluster proteins ISCU1, NFU1, and Bolal/3. Of note, this post
translational modification leads to defects in iron-sulfur cluster biogenesis
and complex I deficiency. These results could help to explain the profound
alteration of mitochondrial metabolism in cells that lack FH.
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TCA cycle and cancer
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FH and HLRCC
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Unanswered questions:

* How do these cells survive without FH?

* Why loss of FH leads to cancer?



Metabolic adaptations in cancer cell
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Metabolic adaptations in cancer cell
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The model: Fumarate Hydratase deficient (Fh17) cells
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Metabolic profile of Fh1-deficient cells
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Metabolic diversions in Fh17- cells
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Heam biosynthesis pathways in Fh1-deficient cells
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Fumarate leads to succination of glutathione
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Fumarate leads to reversal of Argininosuccinate Lyase
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Mitochondrial dysfunction in Fh1-deficient cells
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D The models: Fh17 rescue cells
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Fh1-rescue restores fumarate levels and respiration
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Assessing respiratory chain activity
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Respiratory chain activity in Fh1-deficient cells
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Complex | activity in Fh17 cells
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Complex | levels are not decreased in Fh17- cells
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Protein succination and fumarate accumulation
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Fe-S cluster biogenesis proteins are succinated in Fh 17 cells
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Fe-S cluster proteins and respiratory chain




Fe-S are decreased in Fh1-deficient cells
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Metabolic Alterations in Fumarate Hydratase Deficient Cells
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