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Hypoxia upregulates SLC25A39, the putative mitochondrial glutathione

transporter, to support glioblastoma growth and metabolism
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Advancements in prevention, detection and treatment of gliomas over the last 40 years have consistently lagged behind those seen in many
other tumour types. The hypoxic nature of glioma adds further complications to therapeutic efficacy, as hypoxia limits efficient drug delivery
as well as increasing treatment resistance. Furthermore, it is known that hypoxia induces a metabolic shift in tumours which further contrib-
utes to this resistance. Therapies that therefore target both the hypoxic tumour microenvironment and metabolic pathways that sustain
growth have significant potential to improve patient prognosis. Of the 53 mammalian SLC25A family members, which transport metabolites
across the mitochondrial inner membrane, around 23 lack a defined substrate selectivity. Recent reports have suggested that the previously
uncharacterised SLC25A39 member of the family is a putative glutathione transporter. It is therefore of significant importance in the regula-
tion of the mitochondrial anti-oxidant response, and could play an important role in hypoxia. We have shown that SLC25A39 is functionally
required to maintain cell proliferation of glioma cell lines and patient tumour cells. Metabolic analysis of these knockout/knockdown models
suggest that SLC25A39 activity is required for appropriate function of the mitochondrial metabolic network, and its loss results in significant,
wide-ranging metabolic dysfunction that spreads beyond the mitochondria. We have also shown that SLC25A39 expression is rapidly upreg-
ulated in response to hypoxia- through a HIF- and oxidative stress-mediated response. Excitingly, loss of SLC25A39 expression led to a sensi-
tisation of hypoxic cells to cisplatin, suggesting that targeting this transporter may be a means of improving therapy efficacy for glioma. These
data highlight the importance of identifying unknown metabolic transporters that are important for hypoxic tumour metabolism, thereby
exposing a potential way to exploit hypoxic areas in these tumours, subsequently making them more vulnerable to treatment.
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Tumor cell extensions called tumor microtubes (TMs) in glioma resemble neurites during neurodevelopment and connect glioma cells to a
network that has considerable relevance for tumor progression and therapy resistance. The determination of interconnectivity in individual
tumors has been challenging and the impact of tumor cell connectivity on patient survival remained unresolved so far. Here, a connectivity
signature from single-cell RNA-sequenced (scRNA-Seq) xenografted primary glioblastoma (GB) cells was established and clinically validated.
Thirty-four of 40 connectivity genes were related to neurogenesis, neural tube development or glioma progression, including the TM-net-
work-relevant GAP43 gene. Astrocytic-like and mesenchymal-like GB cells had the highest connectivity signature scores in scRNA-Seq data
of patient-derived xenografts and patient samples. In 230 human GBs, high connectivity correlated with the mesenchymal expression sub-
type, TP53 wildtype, and with dismal patient survival. CHI3L1 was identified as a robust molecular marker of connectivity. Thus, the connec-
tivity signature allows novel insights into brain tumor biology, provides a proof-of-principle that tumor cell connectivity is relevant for pa-
tients’ prognosis, and serves as a robust biomarker that can be used for future clinical trials.
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