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Abstract:

Neuronal differentiation factors are a class of bHLH transcription factors recently shown to be
differentially expressed in various cancers. However, their functions in glioblastoma (GBM)
remain little studied so far. Previous studies from our group showed significant downregulation
of neuronal differentiation factors, NeuroD2 and NeuroD6, in the TCGA-GBM patient cohort
and further demonstrated the tumor-suppressive role of NeuroD2 in GBM under hypoxic
conditions. However, the regulation or relevance of NeuroD6 downregulation remained
unstudied so far. Here, we show that NeuroD6 is significantly downregulated in Indian GBM
patients and GBM cell lines compared to the control brain. NeuroD6 and NeuroD2 both were
found to be primarily enriched in the nuclear fraction as compared to the cytoplasmic fraction.
Notably, analyses of the GBM patient dataset (TCGA, Firehose Legacy) using c-Bioportal,
showed a truncating mutation in only one out of 619 patients, suggesting that NeuroD6
downregulation is not at the genomic level and may be regulated at the epigenetic,
transcriptional or post-transcriptional levels. NeuroD6 was also transcriptionally induced by
p53 and regulated at the post-transcriptional level by an oncogenic microRNA cluster, miR-
421/374b. Our preliminary studies show that NeuroD6 may be regulated by DNA methylation.
We further show that NeuroD6 functions as a tumor suppressor in GBM by inhibiting cell
proliferation, migration, and tumor formation ability and promoting cell cycle arrest at the GoG1
phase in GBM cell lines T98G and A172. We also show that cells overexpressing NeuroD6
display increased apoptosis. Further studies revealed that both NeuroD2 and NeuroD6 regulate
GBM cell metabolism by lowering glucose transport and lactate generation, indicating a
reduction in glycolysis. Interestingly, overexpression of NeuroD6 and NeuroD2 was shown to
lower the levels of oncogenic ID family molecules -ID1, ID2, and ID3 and has a negative
feedback loop with ID2. In glucose-depleted conditions, both NeuroD2 and NeuroD6 were
shown to accelerate GBM cell death, and when combined with silD2, the inhibition of
proliferation was considerably increased. NeuroD2 and NeuroD6 transcript levels were found
to be positively correlated in GBM tumors. Co-overexpression of NeuroD6 and NeuroD2 was
shown to have a much stronger tumor-suppressive effect on cell proliferation, migration, and
spheroid formation ability in GBM. Overall, our work reveals that NeuroD6 and NeuroD2,
individually and in combination, may function as diagnostic biomarkers for GBM, and their

overexpression may be an attractive option for GBM treatment.
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