Hypoxia induces copper stable isotope fractionation in hepatocellular
carcinoma, in a HIF-independent manner

Victor P Bondanese*{?, Aline Lamboux?, Melanie Simon?, Jerome Lafont?, Emmanuelle Albalat?,
Sylvain Pichat?, Jean-Marc Vanacker?, Philippe Telouk?, Vincent Balter?, Philippe Oger! and Francis
Albarédet?!

1. Univ Lyon, Ens de Lyon, Université Lyon 1, CNRS, UMR 5276 LGL-TPE, F-69342, Lyon, France.
2. Institute for Biology and Chemistry of Proteins, CNRS, UMR 5305 Laboratory of Tissue Biology and
Therapeutic Engineering, Université Claude Bernard-Lyon 1 and University of Lyon, France.
3. Institut de Génomique Fonctionnelle de Lyon, Université de Lyon, Université Lyon 1, CNRS, Ecole Normale
Supérieure de Lyon, 69007 Lyon, France.

Recently, altered trace metal isotopic compositions have been documented for different human diseases,
including cancer. This opens up the possibility that metal isotope analysis be used for diagnosis and
prognosis. However, the reasons behind such isotopic signatures remain elusive and in order to clarify
them, experimental approaches are needed (1, 2).

Hepatocellular carcinoma (HCC) is the most frequent type of primary liver cancer and interestingly,
copper in HCC tumours is enriched in the heavy isotope, as compared to the surrounding tissue (3). The
unrestrained proliferation of tumour cells leads to tumour hypoxia, which in turn promotes cancer
aggressiveness. We used human cell biology methodologies, in order to test the role of hypoxia in the
copper isotope fractionation observed in HCC. Strikingly, we found that hypoxia causes heavy copper
enrichment in several human cell lines. Moreover, we demonstrate that this effect of hypoxia is pH,
HIF-1 and -2 independent. Our data identify a previously unrecognized cellular process associated with
hypoxia, and suggest that in-vivo tumour hypoxia leads to copper isotope fractionation in HCC and
other solid cancers.

1. Larner F (2016) Can we use high precision metal isotope analysis to improve our understanding of
cancer? Anal Bioanal Chem 408(2):345-349.

2. Albarede F (2015) Metal Stable Isotopes in the Human Body: A Tribute of Geochemistry to
Medicine. ELEMENTS 11(4):265-269.

3. Balter V, et al. (2015) Natural variations of copper and sulfur stable isotopes in blood of
hepatocellular carcinoma patients. Proc Natl Acad Sci USA 112(4):982—985.

*Speaker
+E-mail: victor.bondanese @ens-lyon.fr, albarede@ens-lyon.fr.



